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RISK FACTORS FOR THE NEGATIVE COURSE OF GASTRODUODENAL GASTROINTESTINAL BLEEDING IN OBESE
PATIENTS

Voitiv Y. Yu., Sorokin B. V., Savoliuk S. 1., Reiti A. 0., Tkachuk O. V., Tyselskyi V. V.

Abstract. Obesity affects 25% of adults in Ukraine, which is one of the highest rates on the European continent.
Treating gastrointestinal ulcer bleeding in obese patients is challenging due to 75% of them are taking at list one
ulcerogenic or blood-thinning medications, and 25% use three or more because comorbidities. The problem of
treating and predicting the outcomes of ulcerative bleeding in such patients is insufficiently studied.

This study aimed to assess treatment outcomes for acute ulcerative bleeding in sever obese patients, evaluate
the effects of age and medication use, and compare these with outcomes in normal-weight patients.

To achieve this goal, a retrospective analysis included 82 sever obese and 282 normal-weight patients, focusing
on early recurrences and mortality.

The study found that in obese patients under the age of 40, the mortality rate was more than three times higher
(7.3%) compared to patients of normal weight (2.1%) (p=0.0296). However, after the age of 40, no statistically
significant difference in mortality was confirmed between the study groups (8.5% and 4.9%, respectively, p=0.2864).
Additionally, no increased risk of early rebleeding was observed in patients using non steroid anti inflammatory
drugs or and/or drugs, affecting the rheological or coagulation properties of the blood (12.2% vs. 5%, p=0.2527).

Thus, based on the obtained data, in Ukraine young age and obesity are risk factors for poor prognosis in treating
gastrointestinal bleeding due to limited use of medications for comorbidities and resulting homeostasis issues.
Despite this, they do not increase early rebleeding. The study suggests revising treatment strategies for young obese
patients.
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PERSPECTIVE COMPOSITE MATERIAL BASED ON EPOXYPOLYURETHANE WITH

A PROLONGED ACTION OF FERROCENE FOR MEDICINE
Institute of Macromolecular Chemistry of the NAS of Ukraine (Kyiv, Ukraine)
rudenchyk@gmail.com

The development of implant materials for bone tissue with improved physical-mechanical, and biological char-
acteristics remains a relevant task in the field of creating polymeric materials for medical use. Therefore, the goal of
our work was to create a polymer composites based on epoxypolyurethane (EPU) with ferrocene as a filler to obtain
a material with improved physical-mechanical, and biological characteristics for medical use. Using tissue culture
and fibroblasts, the concentration of the biologically active substance was determined, which, as part of the polymer
carrier, does not lead to toxic effects. It was found that a 0.001% ferrocene solution had a stimulating effect in the
early stages of cultivation, compared to the control, and also slowed down the cell degeneration process on the 10th
day of the study. The physical-mechanical properties of fumarate-containing epoxy-polyurethanes depend not only
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on the presence of ferrocene in their composition but also on its concentration, allowing the creation of polymer
materials with specified characteristics. According to the results of spectrophotometric studies, it was established
that the studied composites are capable of prolonged release of ferrocene from the polymer matrix of the tested
composites. The amount of ferrocene released over 30 days constitutes 53% of the total introduced filler amount.
Thus, the introduction of a biologically active substance into the epoxy-polyurethane polymer matrix enables the
creation of implants based on them, which can be used not only for bone fixation but also for therapeutic purposes.

Key words: epoxy-polyurethane, ferrocene, Biological medium 199, implant.

Connection of the publication with planned re-
search works.

The experimental studies were conducted within
the framework of the research work «Development of
theoretical and experimental principles for the creation
of new biologically active macromolecular systems
with potential biological activity based on urethane-
urea polymer carriers for medicine», state registration
number 0122U000435.

Introduction.

The development of reconstructive surgery
significantly influences research related to the creation
of new biologically active polymer materials with
therapeutic action for the restoration of damaged
organs and tissues. Immobilization of biologically active
substances on polymer carriers, whose prolonged
release is aimed at reducing negative effects at the
implantation sites, ensures rapid recovery during organ-
restorative operations.

Materials based on epoxy-polyurethanes are widely
used for bone defect repair. Known epoxy-polyurethane
composite materials for osteosynthesis, which can
be used for the treatment of bone tuberculosis [1],
in surgical dentistry and maxillofacial surgery [2].
However, the development of new biologically active
epoxy-polyurethane composite materials for medical
use with a complex of improved properties remains an
urgent problem in the chemistry of macromolecular
compounds.

Medical polymer composites should have a complex
of physical-chemical, and biological properties to replace
and treat specific pathological lesions. One of the most
common ways to improve the functional characteristics
of polymer materials is to introduce of modifiers (fillers
of various nature) into the polymer matrix [3, 4].

Ferrocene is an important structural core in
bioorganometallic chemistry due to its stability, excellent
redox properties, and low toxicity [5]. It is known that
ferrocene derivatives possess anticancer, antimicrobial,
and antimalarial [5-8] properties.

According to the literature [9], ferrocene can be
administered by injection, inhalation, or oral intake
without causing serious health problems. It undergoes
degradation in the liver by cytochromes, and the
metabolites are excreted in the urine as sulfate and
glucuronic acid conjugates. Ferrocene-containing
compounds have shown promise in various therapeutic
areas, including cancer, infections, and inflammation.

Ferrocene was the most widely used organometallic
component introduced into organic and bioinorganic
preparations for cancer treatment and other diseases.
Later, ferrocifens were obtained, which are ferrocene
analogs of tamoxifen, the chemotherapeutic drug
for the treatment of hormone-dependent breast
cancer. Ferroquine was also developed, an analog of
the antimalarial drug chloroquine, which was found

to be active against both chloroquine-sensitive and
chloroquine-resistant strains of Plasmodium falciparum
[10].

In study [11], polymer materials based on
polyurethaneureas with physically immobilized folate-
conjugated ferrocene were presented. They are
biocompatible and exhibit biological activity, stimulating
regeneration processes when implanted in experimental
animals and proposed as biologically active coatings for
wound and burn treatment.

Thus, epoxy-polyurethane composite materials
(EPU) based on oligooxypropylene fumarate filled with
ferrocene is promising for obtaining materials for medical
use. The epoxy component of such composites ensures
high physical-mechanical characteristics, polyurethane
contributes to increased biocompatibility, and the
presence of ferrocene provides biological activity.

The aim of the study.

Considering the above, the goal of our work was
to create a polymer composites based on epoxy-
polyurethane with ferrocene as a filler to obtain a
material with improved physical-mechanical, and
biological characteristics for medical use.

Object and research methods.

The objects of the study were epoxy-polyurethane
(EPU) composite materials obtained based on an diiso-
cyanate prepolymer (DPP) synthesized with different
molar ratios of oligooxypropylene fumarate to
2,4;2,6-toluylene diisocyanate as 1:2,0 and 1:2.5in N,N’-
dimethylacetamide (DMAA) [12]. The calculated amount
of epoxy resin ED-20 was gradually introduced into the
diisocyanate prepolymer at a molar ratio of ED-20 to
DPP of 6:1 and 1,4-butanediol. The reaction was carried
out at a temperature of 50°C. Ferrocene was added to
the reaction mixture in a DMAA solution (70%). The
filler content was 0.1, 0.5, 1.0, 3.0, 5.0, and 10.0 wt.%.
When forming the EPU samples, the reaction mass was
cured with L-20 at a weight ratio of EPU:L-20 as 2:1. The
resulting mixture was poured onto Teflon substrates and
dried at a temperature of (80+5)°C to constant weight.
The composites were obtained in the form of films.

The  physical-mechanical ~ parameters  were
determined on a modernized 2166 P-5 machine with
a grip extension speed of 50+10 mm/sec and a result
recording speed of 0.01 sec. according to [13].

The tissue culture method was also used to study the
biological activity of small concentrations of ferrocene.
Subcutaneous tissue from white laboratory rats was
used as the source of cells, which under cultivation
conditions stimulates the growth of fibroblastic and
fibroblast-like elements. As a control, subcutaneous
adipose tissue of white rats was cultured. Biological me-
dium 199 (BM 199) was used as the model medium for
tissue culture [14].
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Figure 1 — Formation of compact, reticulated zones, and the zone
of migrating fibroblastic elements on the 5th day of cultivation.
Microphotograph. Magnification: x100.

The cultures were studied by the explantation
method in a plasma clot in Carrel flasks. The following
ferrocene solutions were investigated:

Ne 1 — weight ratio of ferrocene to the volume of BM
199, 0.1 mg: 10 ml (0.001% solution)

Ne 2 — weight ratio of ferrocene to the volume of BM
199, 5 mg : 10 ml (0.05% solution)

Ne 3 — weight ratio of ferrocene to the volume of BM
199, 10 mg : 10 ml (0.1% solution)

To standardize the growth characteristics of the
cultures, their areas were classified into compact,
reticulated, and migrating cell zones. The criterion
for distinguishing these zones was the arrangement
of growing fibroblastic elements. Ferrocene solutions
were introduced on the 3rd day of cultivation, when
fibroblastic elements began to migrate in the flasks. The
growth and development of the cellular elements of the
subcutaneous tissue of white rats were studied on the
5th, 7th, 10th, and 14th days of cultivation.

Photocolorimetric =~ method. Ferrocene  was
determined using a photocolorimetric method, which
involves extracting ferrocene from the EPU composite
material, its mineralization with a mixture of sulfuric acid
and hydrogen peroxide, and subsequent determination
in the form of a complex with sulfosalicylic acid.

T 4

N Wi :
Figure 2 — Tissue-like growth of fibroblastic elements on the 5th day
of cultivation of sample Ne 1. Microphotograph.
Magnification: x100.

Calibration curve construction. To construct a
calibration curve of optical density versus ferrocene
concentration (a straight line passing through the
origin), a series of solutions in chloroform with different
ferrocene contents were prepared: 0.0005, 0.0010,
0.0020, and 0.0040 g. In each conical flask, 10 cm? of the
extractant (a previously prepared solution containing
3 moles of concentrated sulfuric acid and 1 mole of
30% hydrogen peroxide in 1 dm3) was added, and the
chloroform was evaporated completely. The iron passed
into the aqueous phase, which was transferred to a 50
cm? volumetric flask. Then, 10 cm?® of a 10% aqueous
solution of sulfosalicylic acid was added, and 3 cm® of a
25% ammonia solution was gradually added in portions,
avoiding overheating. The obtained solution was cooled
to room temperature, and the volume was brought to
the mark with distilled water. Distilled water was used as
the comparison solution.

Preparation of test solutions. The extract from the
crushed composite materials, obtained in a Soxhlet
apparatus, was transferred to a conical flask, and 10 cm?
of the extractant was added, followed by evaporation
to complete removal of chloroform. The aqueous phase
was transferred to a 50 cm? volumetric flask, and the
same steps as for the calibration solutions were followed.

Preparation of comparison solutions. To eliminate
measurement errors in optical density, comparison
solutions were prepared similarly to the test solutions,
but from samples without ferrocene for the same
incubation periods.

Spectrophotometricmethod. The spectrophotometric
method was used to determine the amount of ferrocene
released from the fumarate-containing EPUs after
incubating the composite materials in BM 199 at a
temperature of (37+2)°C for 5, 10, 20, and 30 days. The
optical density of the solutions was measured using
a SF-46 spectrophotometer at a wavelength of 513
nm in cuvettes with a 10 mm path length. The optical
density value was taken as the arithmetic mean of two
consecutive measurements.

Research results and their discussion.

To create biologically active polymer composites,
special attention should be paid to the concentration
of the drug introduced into the polymer. When using
polymeric materials as implants, the drug should have
a prolonged therapeutic effect while not exerting toxical
effects on the surrounding tissues.

To select the optimal concentration of ferrocene
in polymer composites, we conducted studies on the
effects of ferrocene on tissue culture cells, which serve
as a model test system in a toxicological experiment [14].

As shown by the conducted studies, by the 5th
day of observation, in the control group, a reticulated
zone, a zone of migrating fibroblastic elements, and the
beginning of a compact zone formation were observed
(fig. 1).

For sample Ne 1, there was a significant increase
in the growth of cellular elements. The growth zones,
particularly the compact zone, were larger in area
compared to the control (fig. 2).

For sample Ne 2, the formation of growth zones was
similar to the control, but significant cell degeneration
was observed (fig. 3).
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Figure 3 — Degeneration of cellular elements on the 5th day of
cultivation of sample Ne 2. Microphotograph. Maghnification: x100.

Figure 4 — Degenerative changes in growth zones of fibroblastic
elements on the 5th day of cultivation of sample Ne 3.
Microphotograph. Magnification: x100.

For sample Ne 3, there was a significant delay in
cell growth, rounding of the cells, and pronounced
degenerative changes (fig. 4).

On the 7th day of the study, there was a significant
increase in the area of growth zones and tissue-like
growth for the control and sample Ne 1. In contrast, no
fibroblast growth was observed for samples Ne 2 and

cultivation of sample Ne 1. Microphotograph. Maghnification: x100.

Ne 3, and the cellular elements were in the stage of
degeneration.

By the 10th day of the study, sample N 1 showed
less pronounced degenerative changes compared to
the control (fig. 5). For samples Ne 2 and Ne 3, the cell
population remained in the degeneration stage.

By the 14th day, complete degeneration of cellular
elements occurred in all flasks. Thus, it can be concluded
that sample Ne 1 had a stimulating effect in the early
stages of cultivation compared to the control and also
slowed the cell degeneration process on the 10th day of
the study. Meanwhile, extracts from samples Ne 2 and
Ne 3 inhibited the growth and development of the cell
culture.

Considering the migration processes of substances
from polymeric materials, it is possible to predict
the percentage content of ferrocene in the polymer
composites to impart biological activity.

Oneoftheessentialindicatorsin obtaining biologically
active bone tissue implants is the study of mechanical
properties when introducing drugs into the polymer. It
is known that each implantation material, depending
on the application, should possess specific physical-
mechanical characteristics. Therefore, it is advisable
to investigate the effect of different concentrations of
ferrocene on the physical-mechanical properties of EPU
composite materials.

During the physical-mechanical testing, it was found
that the dependence of the breaking strength of the
filled polymer is nonlinear, with pronounced peaks
(table 1). For the first series of EPU composites with
ferrocene (OOPF:TDI = 1:2,0), the maximum tensile
strength was observed for the material with a filler
content of 0.5 wt.% and amounted to 49.73 MPa. For
the second series of composites based on the diisocya-
nate prepolymer obtained with an excess of isocyanate
groups (OOPF:TDI = 1:2.5), the maximum tensile strength
was observed for the sample with a ferrocene content of
0.1 wt.%, which was 28.94 MPa.

Thus, the introduction of ferrocene into EPU
composite materials (OOPF:TDI = 1:2.5) results in an
increase in tensile strength by 1.3-2.7 times and 0.3-
1.5 times for EPU (OOPF:TDI = 1:2.0). The relative
elongation of the polymers also changes depending
on the component ratio of the DPP. EPU of the second
series (OOPF:TDI = 1:2.5) is characterized by higher
values of relative elongation compared to the first series
(OOPF:TDI = 1:2,0), which can be explained by a higher
content of the urethane component in the composites
of the second series.

The nonlinear change in the strength of composite
materials, with pronounced peaks depending on the

Table 1 — Dependence of physical-mechanical

properties of epoxy-polyurethane composite
materials on ferrocene content

ST OOPF:TDI = 1:2.0 OOPF:TDI = 1:2.5

o, MPa g% o, MPa €, %
EPU 33.65 10 13.69 25
EPU-0.1F 26.93 17 36.52 16
EPU-0.5F 49.36 8.4 28.94 24
EPU-1.0 F 23.94 13.4 31.47 15
EPU-3.0 F 30.03 10.5 23.30 29
ENY-5.0 F 31.62 14 18.44 12
EPU-10.0 F 30.43 11.5 29.49 13

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2024 — Bun. 4 (175) / Bulletin of problems in biology and medicine — 2024 - Issue 4 (175)

2901



KNIHIYHA TA EKCMEPUMEHTAIbHA MEOULMHA / CLINICAL AND EXPERIMENTAL MEDICINE

Table 2 — Dynamics of ferrocene release from
fumarate-containing EPU composites

Incubation Optical Ferrocene | Ferrocene released
period, |density of test| content in
days solutions, D | samples, g g %
5 0.083 0.00140 0.00060 30
10 0.064 0.00110 0.00090 45
20 0.059 0.00098 0.00102 51
30 0.057 0.00094 0.00106 53

ferrocene content, can be explained by the small
impurity effect, which is manifested in the improvement
of the physical-mechanical properties of composites
filled with small concentrations of filler [15].

The study of the drug release from the polymer matrix
is an equally important characteristic of biologically
active bone tissue implants.

The release of ferrocene from polymer samples
into the model medium was studied using a
spectrophotometric method. The objects of the study
were fumarate-containing EPU composite materials
filled with 1 wt.% ferrocene after incubation in BM 199
for 5, 10, 20, and 30 days.

The obtained results for the optical density of the
test solutions, ferrocene content in the samples after
incubation, and the amount of ferrocene released are
presented in table 2. The amount of ferrocene released
into the model medium (fig. 6) was calculated as the
difference between the known amount of ferrocene
introduced into the polymer before incubation and its
amount after incubation, found from the calibration
curve.

The results indicate that after 10 days of incubation
in the model medium, ferrocene is released from the
polymer matrix in the amount of 45% of the introduced
quantity. By the 30th day, the amount of ferrocene
released reaches 53%.

According to previously conducted histological
studies [16], the biologically active effect of the prolonged
form of ferrocene in the polymer implant consisted of

DOI 10.29254/2077-4214-2024-4-175-288-298
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Figure 6 — Dynamics of ferrocene release
from EPU composite material.

30

activating cellular immunity against damaged tissue
and cellular structures, which, in turn, accelerated the
regeneration processes and the formation of a more
mature connective tissue capsule around the implant.

Conclusions.

Thus, comprehensive studies of the polymeric
materials allowed for the development of a medical
material that fully meets the stated objectives. The
tissue culture method enabled the determination of
the concentration of the biologically active substance,
which, as part of the polymer carrier, does not cause
toxic effects. Physical-mechanical tests established the
dependence of strength characteristics on the filler
content in the composites, allowing for the creation
of polymer implants with specified properties. The
dynamics of release confirm the delivery of ferrocene to
surrounding tissues.

Prospects for further research.

Since, according to the results of preclinical studies,
epoxy polyurethane composite materials filled with
ferrocene are biologically active and safe, further clinical
trials are planned.

TanameHkKo H. A., Bicnozy3oea T. B., PoxHosa P. A., Hapaxcaiiko /1. ®.

MEKTUBHUINA KOMMNO3ULIIMHUA MATEPIAN HA OCHOBI EMOKCUMOANIYPETAHY 3
NMPO/IOHIOBAHOIO A€ ®EPOLIEHY AN MEAULIUHMN

IHCTUTYT Ximii BUCOKOMONeKynapHux cnonyk HAH Ykpaidu (m. Kuie, YKpaiHa)
rudenchyk@gmail.com

Po3pobka imnaaHmayiliHux mamepianie 078 KiCMKo80i MKAHUHU 3 MOKPAWEHUMU (i3UKO-MexaHiyHUMu ma
6ion02iYHUMU XapPAKMepUCMuUKamMu 3aaAUWAEMbLCA AKMyasnabHUM 30800HHAM 8 0671acmi cmeopeHHA MosaimepHUX
mamepianie medu4Ho20 rnpu3Ha4YeHHsA. Tomy, memoro Hawoi pobomu 6ys0 CMBOPEHHSA NoAIMepPHUX KOMMo3umie
Ha ocHoegi ElY 3 epoueHom K HamnosHrwBa4yem O OMPUMAHHA Mamepiany 3 MNOKpaweHUMU @i3uKo-
MexaHiYHUMU ma 6iono2iyHUMU Xapakmepucmukamu 074 MeOU4YHO20 3acmocys8aHHA. Memodom Kynbmypu
MKAHUH i ¢pibpobaacmie su3Ha4eHoO KOHUeHmMpayito 6iono2iYHO aKMUBHOI pevyoBuUHU, AKA 8 CKAAOdi nosaimepHo20
Hocia He npusodume 00 MOKCUYHO20 8nausy. BcmaHoseneHo, wo 0,001% po34uH chepoyeHy mMmas Cmumysiooyy
0it0 Ha paHHix cmadisx Kysbmuey8aHHSs, MOPIBHAHO 3 KOHMPOAEeM, d MAKOX Cro8ifIbHI08A8 NMpouyec 0ezeHepauii
KaimuH Ha 10 006y OocnioreHHA. Pi3uko-mexaHiyHi enacmusocmi oymapamemicHux EIY 3anewams He minbKu
8i0 HasasHOCMI y IXHBOMY CKnadi hepoueHy, a i 8i0 lio2o KOHUeHmpauii, ujo 0ae 3moay cmeoproeamu nosiMmepHi
mamepianu i3 3a0aHUMU Xapakmepucmukamu. 32i0HO pe3ynbmamie crneKkmpogomomempuyHUX 00Ci0HeHb
8CMAHO0B/EHO, W0 00CAIOHYBAHI KOMNO3umu 30amHi 00 MpPosoH208AHO20 BUBINbHEHHA hepouyeHy 3 MosniMmepHoI
mampuui 0ocnidxcysaHux komrnosumis. Kinekicme susinoeHeHo20 ¢epouyeHy npomsazom 30 0i6 cmaHosume 53% eid
3020/1bHOI 88€0€HOI KilbKocmi HanogH8aya. TakuM YUHOM, 88e0eHHSA (hepoyeHy 00 CKAAdy erioKcunosiypemaHosor
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nosnimepHoi Mampuyi 0ae MoX1uBICMb CMBOPHOBAMU HA iX OCHOBI 6i0aA02iYHO AKMUBHI IMIAGHMAMU, AKi MOXHA
B8UKOpUCMOBYBAMU He MinbKu 014 ikcayii Kicmok, ane U 3 n1iKy8asbHO Memoto.

Knrouoei cnoea: enokcunoniypemat, gpepoueH, bionoziyHe cepedosuwe 199, imnaaHmam.

3B’A30K ny6aikauii 3 nnaHOBMMM HAyKOBO-AoOCAIA-
HUMU poboTamu.

EkcnepvMmeHTanbHi A0CAIAMXEHHA BUKOHYBa/IUCb B
pamMKax HayKoBO-AOCNiAHOI poboTn «Po3pobka Teope-
TUYHUX Ta EKCMEePUMEHTANIbHUX 3aCaj, CTBOPEHHA HOBUX
6i0N10MYHO aKTUBHUX MAKPOMONEKYNAPHUX CUCTEM 3
NOTEHL,iMHOI 6i0/IOrYHOK aKTUBHICTIO Ha OCHOBI ype-
TaHCEYOBMHHMX NONIMEPHUX HOCITB ANa meanumnmHmn», Ne
AeprKaBHOI peecTpayii 0122U000435.

Bcryn.

P0O3BUTOK PEKOHCTPYKTUBHO-BIAHOB/IOBAHOI Xipypril
3HAYHO BMN/IMBAE HA AOCAIAKEHHSA NOB’A3aHI 3i CTBOpPEH-
HAM HOBMWX Bi0/IOFYHO AaKTUBHUX MONIMEPHUX MaTepia-
NiB 3 NiKyBaNbHO A€ ANA BigHOBNEHHA YLWKOAXKEHMUX
OpraHiB i TKaHWH. IMMmobinizauis 6ioNOrYHO aKTUBHUX
PEeYoBMH Ha NONIMEPHUX HOCIAX, MPONOHTOBaHe BUBI/b-
HEHHA AKMX CMPAMOBAHO Ha 3MEHLIEHHA HEraTUBHUX
HacnigKkiB y micuax imnnaHTauii, 3abesnevye wemnaKe
BUAYXaHHA NPU OPraHo-BiAHOB/OBANbHMX ONepaLifx.

[Ona nnacTMKM KiCTKOBUX YpaKeHb LUMPOKO BUKO-
PUCTOBYIOTb MaTepiasn Ha OCHOBI €MOKCU-NONIypeTaHiB.
Biaomi noniypeTaH-enoKCcMAHI KOMMNO3MLiHI maTepiaam
ONA OCTEOCUHTE3Y, fIKi MOMKYTb 6YyTU BUKOPUCTaHI
ONA NiKkyBaHHA Ty6epKynbosy Kictok [1], B XipypriuHin
CTOMaTO/IOTIi Ta wenenHo-Anuesin xipyprii [2]. OaHak
po3pobKa HOBUX BIONOrIYHO aKTUBHUX enoKCcU-noniype-
TAHOBWMX KOMMO3ULiINHUX MaTepianisa MeguuyHoro npu-
3HAYeHHA 3 KOMMNJIEKCOM MOKpaLLEeHMX BAACTUBOCTEN Ha
CbOroAHi 3a/IMWAETbCA aKTya/NbHO Npobaemoto Ximii
BMCOKOMONEKYNIAPHUX CMONYK.

MonimepHi KOMMNO3NTM MEOMYHOrO MPU3HAYEHHA
NOBUHHI MaTU KOoMNieKe Pi3nKo-XimiyHux i bionoriyHmx
BNACTMBOCTEM NPUTAMaAHHMX 3amiwaTv Ta NiKyBaTK
KOHKPETHi NaToNorivHi yparkeHHs. OgHUM i3 HanbinbL
NnoLlIMpeHnx crnocobiB nokpaweHHA QYHKLIOHaNbHUX
XapaKTEPUCTUK MONIMEPHUX MaTepianiB € BBEAEHHA
OO0 CKnagy nonimepHoi maTpuui  moaudikaTopis
(HanosHIoBauiB pisHOi Npupoau) [3, 4].

dPepoueH € BaAXKAMBUM CTPYKTYPHUM SAOPOM Y
b6ioopraHomeTanesin ximii 3aBaAAKM Moro cTabinbHOCTI,
Yy4OBMM OKMUCHO-BiAHOBHMM BIACTUBOCTAM i HU3bKIM
ToKcuyHocTi [5]. Bigomo, wo noxigHi depoueHy Bonogi-
I0Tb NPOTUNYXIMHHUMMU, NPOTUMIKPOBHMMKM Ta MPOTU-
manapitHumm [5-8] BractuBocTaMM.

3a gaHumu nitepaTypu [9], bepoueH moKHa BBOAUTH
LWNAXOM iH’€KLiN, iHranAauii abo nepopasibHOro Npuio-
MY, HE BUKIMKaOUM cepio3Hux npobsiem 3i 3040poB’am.
BiH nigpaetbca gerpagauii B neviHUi LMTOXpomamu, a
meTaboniTM BUBOAATHLCA i3 CeYeto y BUMNAAI KOH toraTiB i3
cynbdaToM i IIIOKYPOHOBOO KMc10To. PepoLeHBMICHI
CNONYKM NOKAa3aan NepcnekTuBy B Pi3HUX TepaneBTUY-
HUX 061acTAX, BKAOYAKOUM pak, iHPeKLii Ta 3ananeHHs.

Bigomo, wo depoueH by Halbinbll BUKOPUCTOBY-
BaHWM METaNIoopPraHiYHMM KOMMOHEHTOM, AKWIA BBO-
OMAN B OpraHiyHi Ta 6GioHeopraHiyHi npenapatn anas
NiIKyBaHHA paKy Ta iHWKX 3axBOptoBaHb. [i3Hiwe 6yno
oTpuMaHo ¢epoundeHm, aKi € GpepoLeHOBMMK aHaANO-
raMm TaMoKcudeHy — ximioTepaneBTUYHOTO npenapary
ONA NiKYBaHHA FTOPMOHO3a/1EXKHOFO PaKy MOJIOYHOI 3a-
no3n. Takox byno po3pobaeHo GpepoxiH, aHanor NpoTu-

ManApiHOro npenapaty X/J10pOXiHy Npu BBeAeHHI de-
POLLEHINIBHOrO 3aMiCHMKA B BYI/IELLEBUI NAHLION, AKWIA
BUABMBCA aKTUBHUM AK MPOTU YYTIMBUX A0 XJOPOXiHY,
TaK i NPOTK CTIMKUX A0 XNOPOXiHY wTamiB Plasmodium
falciparum [10].

Y poborTi [11] npeacTaBneHi nofiMmepHi maTtepianu Ha
OCHOBI MONiIypeTaHCEYOBUH 3 $i3NYHO IMMOBINiI30BaHUM
donat-KoHo'roBaHUM depoLeHoM, AKi € BiocymicHMMM
Ta NPoABAAOTb GIONOrFYHY AKTUBHICTb, WO MONArAE Y
CTUMYNALLT NPOLLEeCiB pereHepaLii Npu imnaaHTaLii 3pas-
KiB B OpraHiam eKcnepumMmeHTabHUX TBAPWUH Ta 3anpono-
HOBaHi AK 6i0NOrYHO aKTUBHI MOKPUTTA ANA NiKyBaHHA
paH Ta onikis.

TakKMM YMHOM, HanoOBHeHi depoueHOM enoKcumno-
NiypeTaHoBi Komno3uuiliHi matepiann (EMY) Ha ocHo-
Bi onirookcunponineHbymapaty € nepcnekTMBHUMMU
ONA OTPUMAHHA MaTepianiB MeANYHOro NPU3HAYEHHS.
EnoKcmaHa cknafoBa TaKMX KOMMO3UTIB 3yMOBJIIOE BU-
COKi }i3MKO-MmexaHiYHi NOKa3HUKKM MaTepiany, noniype-
TaH CNpuAE NiaBULLEHIN BiocyMmiCHOCTI, @ HasaBHICTb ¢de-
poueHy Hagae bionoriyHoi akTUBHOCTI.

MeTta gocnigeHHs.

BpaxoBytouM BULLEBUKNAAEHE, LN Hawoi pobo-
™M ByN10 CTBOPEHHA NOAIMEPHUX KOMMNO3WUTIB Ha OCHOBI
enokcunosiypetaHy 3 ¢epoLeHoOM fAK HaMoBHKOBa4yem
ONA OTpUMaHHA maTepiany 3 NnokpaweHnmm disnko-me-
XaHIYHMMKM Ta BiONONYHUMM XapaKTepucTUKamMu ans
MeaNLMHN.

06’eKTK Ta MeToau A0CNIAXEHHA.

O6’eKTM  [OCNiAKeHHA —  enoKcunoniypetaHo-
Bi (EMY) Komno3suuiliHi maTepianu, OoTpMMaHi Ha oc-
HOBi Aii3ouiaHaTHoro dopnonimepy (APM) cuHTe-
30BaHOrO 32 pPIi3HOTO MONbHOIO CMiBBIAHOLIEHHA
onirookcmnponineHdymaparty ao 2,4;2,6-tonyineHgajiso-
uiaHaty Ak 1:2,0 Ta 1:2,5 B cepegosuuwi N,N’-gumeTu-
nauetamigy (AMAA) [12]. B isoujiaHaTHUIt dpopnonimep
NoCTynoBO BBOAWIN PO3PAXYHKOBY Ki/bKiCTb enokcung-
Hoi cmonmn E[1-20 3a monbHOro cnissigHoweHHA EA-20
no A®N ak 6:1 1a 1,4-6yTaHaion. Peakuito npoBoanamu 3a
Temnepatypu 50°C. B noganbliomy B peaKLiliHy cymiLu
aofasanu depoueH y posunHi AMAA (70 %-i1). BmicT
HanoBHtOBa4va cknagas 0,1; 0,5; 1,0; 3,0; 5,0; 10,0 mac.
%. Mpwn popmyBaHHiI 3pa3kis EMY peakuiiHy macy oTBep-
AxKyBanm J1-20 3a macoBoro cnisBigHoweHHs EMY:/1-20
AK 2:1. OTpMmaHy cymiw BMAMBaAAM Ha TepsIOHOBI Mia-
KNaZKu Ta cylumnm 3a Temnepatypw (80 +5)°C oo nocTiii-
HOi Barn. KomnosuTtu oTpumyBanu y BUrNAAj NAiBokK.

@i3uKO-MexaHIYHi MOKA3HUKU BU3HA4Yann Ha moaep-
Hi30BaHil MawwuHi 2166 P-5 3i WBMAKICTIO PO3LWIMPEHHSA
3axsaTiB 50+10 mm/c i WBMAKICTIO diKkcauii pe3ynbTaTis
0,01 c BignosiaHo go [13].

Memod Kysnemypu MKAHUH BUKOPUCTOBYBA/IM TaKOX
ONA AOCNiAKEeHH:A 6ionoriYyHoi aKTMBHOCTI ManuX KOH-
LeHTpauin depoueHy. AK gKepeno KAiTUH BUKOPUCTOBY-
Ba/IN NiALWKIPHY KAITKOBUHY 6innx nabopaTopHuUX Lypis,
LLLO B YMOBaX Ky/lbTUBYBAaHHA BUK/AMKAE picT ¢pibpobrac-
TUYHUX | ibpobnacTonoaibHMX enemeHTiB. K KOHTPOb
6yna KynbTMBOBaHa MiALWKIPHO-}KMPOBA TKaHWHA Binnx
WypiB. AK mogeNbHe cepefoBMLLE BUKOPUCTOBYBAAM
6ionoriuHe cepeaosuwe 199 (BC 199) ans KynbTyp TKa-
HUHYK [14].
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PuUcyHoK 1 — ®opmyBaHHA KOMNAKTHOI, CITKONOAiIGHOT 30H Ta 30HU
mirpyroumnx ¢pibpobaacTuuHMX enemeHTiB Ha 5 A06Y KynbTUBYBaHHA.
Mikpodoro. 36inbeHHs: x100.

KynbTypu 6ynu gocniaskeHi metogom ekcnaaHTau,ii B
3rycTky naasmu y dnakoHax Kappena. byaun gocnigskeni
HaCTyNHi po34nHU depoLeHy:

Ne 1 — cnieBigHOWeEHHA Barn dpepoueHy Ao ob’emy
BC 199, 0,1 mr : 10 mn (0,001% po3umH)

Ne 2 — cniBBigHOWeEHHA Barn dpepoueHy Ao ob’emy
BC 199, 5 mr: 10 mn (0,05% po3unH)

Ne 3 — cniBBigHOWeEHHA Barn dpepoueHy Ao ob’emy
BC 199, 10 mr : 10 mn (0,1% po3uunH).

3 meTolo CTaHAapTU3aLii XapaKTepy poOCTy Ky/abTyp
iXHi 30HM KnacudikyBanM Ha KOMMAKTHY, CiTKONOAiOHY
30HU i 30HY MITPYyOUYMX KNITUH, KpUTEpiEM AnA BUAI-
NIeHHA AKMX ByB XapaKTep po3TallyBaHHA 3POCTaOUMX
dibpobaCTUUHUX enemeHTiB. BHeceHHA po3uunHiB de-
poueHy npoBoguan Ha 3 Aoby KyAbTMBYBAHHA, KOAM
noymHanacs mirpauis $ibpobAacTUYHUX eNeMEHTIB Y
dnakoHax. [JOCNiAKeHHA poCTy i PO3BUTKY KAITUHHUX
e/leMeHTIB MiALWKipHOI KNITKOBUHKN Binunx wypis nposo-
avnv Ha 5,7, 10 Ta 14 o6y KynbTMBYBAHHS.

®omokonopumempu4Huli Memod. PepoLeH BU3Ha-
Yann GOTOKaNIOMETPUYHUM METOAOM, CYyTb AKOTO MONA-
ra€ B eKcTparyBaHHi ¢epoueHy 3 EMY KomnosuuinHoro
maTepiany, MOro MiHepanisalieo cymiwwio cipyaHoi
KMUCNOTU Ta NEePOKCMAY BOLHIO 3 NOAA/bLUMM BU3HAYEH-
HAM Yy BUFAAI KOMMNEKCY 3 cybdOCaniLnaoBoO KUCIO-

Ha 5 po6y KynbTMBYBaHHA 3paska Ne 1. MikpodorTo.
36inbweHHn: x100.

MobyaoBa KanibpysanbHoro rpadika. Aas nobyaosu
KanibpyBanbHOro rpadiky 3a/1eKHOCTi ONTUYHOT IYCTUHMN
Big, KOHUeHTpaui depoueHy (Npama NiHiAa, AKka npoxo-
OWTb Yepe3 NoyaToK KOOpAMHaT), byna npuroTosieHa
cepia PO34MHIB y X10podopmi 3 pisHMM BmicTOM de-
poueHy: 0,0005; 0,0010; 0,0020 Ta 0,0040 r. Y KOXHY
KOHiYHY Konby mopasanu 10 cm® eKcTpareHTy (mone-
peaHbo NPUroTOBNEHUI PO3YMH, AKUIA B 1 AM> MiCTUTb
3 MO KOHLLEHTPOBAHOI cipyaHoi Kncnotn i 1 monb 30%-
BOrO NepoKcuay BOAHIO), BUNAPOBaaAWU A0 NOBHOIO BU-
AaneHHs xnopodopmy. Mpu LboMy 3ani30 nepexoamnao
y BOAHY dasy, AKY NepeHoCUan B MipHY KONBy EMHICTIO
50 cm®. Jogasann 10 cm® 10%-BOro BOAHOMO PO3UMHY
cynbdocaniunaoBoi KUCAOTH i, He JOMNYCKatouK neperpi-
BY, nopuismun goaasanu 3 cm® 25%-Boro pos3umnHy amia-
Ky. OTpMMaHWN PO3YMH OXONOAKYBANAWU A0 KiMHATHOI
TemnepaTypu i 06’eM Po3UnHY LOBOAMIMU 40 MITKM ANUC-
TUNbOBAHOI BOAOH0. IK PO3YMH NOPIBHAHHA BUKOPUCTO-
BYBa/IM AUCTUIbOBAHY BOAY.

MpuroTyBaHHA 4OCNIAKYBAHUX PO3YMHIB. EKCTPAKT i3
noapibHeHMX KOMMNO3ULLIMHUX MaTepianis, OTPUMAHUN B
anaparti CokcneTa, NeEPeHoOCHMAN B KOHIYHY Konby Ta go-
nasann 10 cm® eKcTpareHTy i ynaptoBanan A0 MOBHOMO
BuAaneHHsa xnopodopmy. BogHy a3y nepeHocunun B
MipHY Konby emHicTio 50 cm® Ta BUKOHYBAAK Ti cami 4ii,
O ¥ ans KanibpyBasbHUX PO3YMHIB.

MpurotyBaHHA PO34YMHIB MOPIBHAHHA. [NA BUKAO-
YeHHA NOXWMOKM MpU BMMIPIOBAHHI ONTUYHOI TYCTUHMU
OOCNiAXKYBaHUX PO3YMHIB AK PO3YMH MOPIBHAHHA BUKO-
PUCTOBYBA/IM NPUIOTOBaHI TaKMM e cnocobom aocni-
[XKyBaHi pO34YMHK i3 3pasKiB, AKI He micTMan pepoueH
019 TAKUX XKe TEPMIiHiB iHKybau,i.

CnekmpogomomempuyHuli memod. Cnektpodo-
TOMETPUYHUM METOAOM MPOBOAUAN BU3HAYEHHA Kifb-
KOCTi pepoLeHy, AKa BMBINbHAETbCA 3 GyMapaTBMiCHUX
ENY, nicna iHKybauii kKomnosuuinHux matepianis y BC
199 3a Temnepatypu (37+2)°C npotarom 5, 10, 20 i 30
[i6. ONTUYHY rYCTMHY PO3YMHIB BU3HAYaNN Ha CNEKTPO-
doTtomeTpi CP-46 npu JOBXKUHI XBUAI 513 HM y KIOBETax
3 ToBWMHO wapy 10 mm. BeanynHy ONTUYHOI IYCTUHU
npUMManu 3a cepegHe apubmeTmyHe ABOX NOCAILOBHUX
BUMIpIB.

Pe3ynbTatv AoCnigKeHHA Ta ix 06roBopeHHs.

Ons cTBOpeHHA 6i0NOMYHO aKTUBHUX MOMIMEPHUX
KOMMO3UTiB 0COBANBY yBary ciig NPUAINATA KOHLEHTPA-
Lii NiKapCbKOi pe40BUHMU, LLLO BBOAUTLCA B nonimep. Mpun
BMKOPUWCTAHI NONIMEPHUX MaTepianiB AK iMNAAHTATIB Ni-
KapCbKa pevyoBMHA MOBMHHA NPOABAATU NPONOHIOBAHWM
NiKyBaNbHUI edeKT i B TOM e Yac He YUHUTU TOKCUYHO-
ro BM/IMBY Ha OTOYYIOYi TKAHMHMU.

Ons ninbopy onTMmanbHOI KOHUEHTpauii dpepoue-
Hy B NOMIMEPHUX KOMMO3MUTax Hamu Bynn npoBeseHi
OOCNiAXKEHHs BNAUBY GepoueHy Ha KAITUHU TKaHUHHOI
KYNIbTYpU, AKa € MOAE/IbHOK TECT-CUCTEMOID Y TOKCUKO-
NIOTiYHOMY eKcriepmumeHTi [14].

fIK NOKasanu npoBefeHi AocnigKeHHA Ha 5 poby
criocTepekeHHA B KOHTponi BiabyBanoca dpopmyBaHHA
ciTkonoAibHoi 30HM, 30HM Mirpytoumx GibpobAaACTUUHUX
eNleMeHTiB i No4yaTok GOopMyBaHHA KOMMAKTHOI 30HMU
(pmc. 1).

[Ons 3paska Ne 1 6yno xapaKTepHUM 3HaAYHe 36i/b-
LWEHHA POCTY KAITUHHUX enemMeHTiB. 30HM POCTy, 0COo-
6/11MBO KOMMAKTHA, NMOPIBHAHO 3 KOHTpoeM, bynun Binb-
wi 3a naoueto (puc. 2).
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PucyHok 3 — [lereHepauifl KNITMHHUX eNemMeHTiB Ha 5 f06Y KynbTu-
ByBaHHA 3pa3ka Ne 2. Mikpogorto. 36inblenHn: x100.

PUcyHOK 4 — [lereHepaTUBHi 3MiHU 30H pocTy $GibpobnacTUUHMX
efiemeHTiB Ha 5 f06Yy KynbTMBYBaHHA 3pa3ka Ne 3. MikpodorTo.
36inblweHHA: x100.

[Ons 3paska N2 2 cnoctepiranocb ¢popmMyBaHHS 30H
pocTy, AK i B KOHTPOI, ane BigbyBanaca 3Ha4YHa AereHe-
pauisf KNiTMHHUX enemeHTiB (puc. 3).

Ona 3paska Ne 3 Big3Hayanacb 3Ha4yHa 3aTPMMKa
POCTYy KAITUH, crnocTepiranocs iX 3aOKpyrneHHs, 3'aB-
NANUCA BUPAXKeHi gereHepaTUBHI 3MIHM B KAiTMHaX
(puc. 4).

Tl Ak e A

PucyHoK 5 — MNouaTok gereHepaTMBHUX 3MiH Ha 10 06y KynbTUBY-
BaHHA 3pa3ka Ne 1. Mikpodoro. 36inbweHHsa: x100.

Ha 7 poby pocnifsKeHHA ANnA KOHTPOAK Ta 3paska
Ne 1 Biabysanocs 3Ha4YHe 36inblUEeHHA NAOLL 30H POCTY,
cnocrepiraBcs TKaHWMHoNOA6HWI picT. Toai, AK Ans 3pas-
KiB Ne 2 i Ne 3 pocty ¢pibpobnacTiB He crnocTepiranocs,
KNITUHHI enemMeHTM 3HaXoANANCA Ha CTaaii AereHepau,ii.

Ha 10 poby pocniaskeHHa gna 3paska Ne 1, 6ynu
XapaKTEPHUMU MEHLL BUPAXKeHi AereHepaTuBHI 3MiHU,
NopiBHAHO 3 KOHTposiem (puc. 5). [na 3paskis Ne 2 i No
3 KNiTUHHA nonynAuia nepebysana B cTasil AereHepau,ii.

Ha 14 poby Bigbysanacsa noBHa AereHepauia KAiTUH-
HUX eNeMeHTiB Yy BCiX dnakoHax. TaKUM YMHOM, MOXKHa
3pobUTN BUCHOBOK, WO 3pa3ok N2 1 maB cTUMyniot-
4y A0 Ha PaHHIX CTaAiaX KyNbTUBYBAHHA, MOPIBHAHO 3
KOHTPO/NIEM, @ TaKOXK CNOBINbHIOBAB NpoLec gereHepaLii
KNiTMH Ha 10 aoby agocnigxeHHs. MNpu LbOMY EKCTPaKTH
3i 3paskis N2 2 i No 3 iHribyBaiv picT i pO3BUTOK KNITUH-
HOI KynbTypWu.

BpaxoBytoumn npouecu mirpaLii pe4oBuH i3 nonimep-
HWUX MaTepianiB MOXHa CMPOrHO3yBaTW BifACOTKOBMIM
BMICT pepoLLeHy B NONIMEPHUX KOMNO3UTaX ANA HaZaH-
HA im 6ionoriyHOT aKTUBHOCTI.

OAHUM i3 iICTOTHUX MOKA3HWKIB NPU OTPUMaHHI bi-
ONOTMYHO AKTUBHWX IMMIAHTATIB KiCTKOBOI TKAaHWHU €
BMBYEHHA MEeXaHiYHWX MOKAa3HMKIB NpW BBeAEeHHI Ni-
KapCbKUX MNpenapatie B nonimep. Bigomo, wo KoxeH
iMnnaHTaUiiHMIA MaTepian, 3aNeXHo Big, ranysi 3acrto-
CyBaHH#A, NOBUHEH MATU NeBHI Gi3NMKO-MexaHiuHi xapakK-
TEPUCTUKU, TOMY JAOLINbHUM € AOCNIANKEHHA BNAUBY
Pi3HMX KOHLeHTpauin depoueHy Ha i3MKo-MexaHidHi
BNacTMBOCTI EMY KoMno3uuiiHux maTtepianis.

Mpu nposeaeHHi Gi3MKO-MexaHIYHNX BUNPODOYBaHb
6yN10 BCTAHOB/IEHO, LLLO 3aNEXKHICTb PYMHYIOYOT MiLHOCTI
HAMOBHEHOrO MOJIIMEPY HOCUTb HENIHIMHWUI XapaKTep 3
BUpPaXKEHUMMU MaKcumymamu (Tabn. 1). Ana ENY kom-
NO3ULiNHUX MaTepianis i3 ¢epoueHom nepuwoi cepii
(oono:Tal = 1:2,0) MakcMManbHe 3HAYeHHA MiLHOCTI
npu pPo3puBi CNOCTEpPIraeTbca ANA MaTepiany i3 BMic-
ToMm HanosHtoBa4a 0,5 mac.% i cknagae 49,73 MnNa. Ona
KOMMO3ULMHUX MaTepianis Apyroi cepii Ha ocHoBI Aji-
3ouiaHaTHOro ¢opnonimepy OTPMMaHOIo 3 HaA/IMLLKOM
i3ouiaHaTHMxX rpyn (OON®:TAI = 1:2,5) cnocTepiraeTbea
MaKCMMYM PO3PMBHOI MILHOCTI ANA 3pasKa i3 BMiCTOM
depoueHy 0,1 mac.%, aknin cknagae 28,94 MnMa.

Takmm uMHOM, BBefeHHA depoueHy [0 cknaay
ENY komnosuuiiHmx matepianis (OON®:TAl = 1:2,5)
Np1MBOAMUTbL A0 MiABULEHHA MILHOCTI npu po3pwmsiy 1,3-
2,7 pasn Tay 0,3-1,5 pasis ana EMY (OON®:TAI = 1:2,0).
BigHOCHe NOA0BMKEHHA NONIMEpIB TEX 3a3HAE 3MiH BiA-
HOCHO cniBBigHOWeHHA KomnoHeHTiB AP, EMY apyroi
cepii (OON®:TAl = 1:2,5) xapaKTepusytoTbea 6inblu BU-
COKMMM 3HAYEHHAMM BiJHOCHOIO NOJOBXKEHHSA, MOpPiB-
HAHO 3 EMY nepuwoi cepii (OON®:TAl = 1:2,0), Wwo MoxKHa

Tabnaunuya 1 — 3anexHicTb pisMKo-mexaHiuHUX

B/1aCTUBOCTEN eNOKCUNOoNiypeTaHOBUX KOMMNO3ULLili-
HUX maTepianis Big BmicTy dpepoueHy

3paskn oone:141=1:2,0 oone:T1al=1:2,5

o, MMNa g, % o, MMa €, %
ENY 33.65 10 13.69 25
ENY-0,10 26.93 17 36.52 16
EMY-0,5¢ 49.36 8.4 28.94 24
EMNY-1,00 23.94 13.4 31.47 15
ENY-3,00 30.03 10.5 23.30 29
ENY-5,00 31.62 14 18.44 12
EMY-10,00 30.43 11.5 29.49 13
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Tabnuusa 2 — inHamika BUBiNbHeHHA pepoueHy
3 pymaparemicHux EMY komnosutis

Tepmin OnTUYHa Kouugu- Kianicrb.tbepoquy,
ikyGaui, | [YCTMHa A0- | Tpauis 0 BUBIABHUBCA |
n06a CRipKYBAHUX depoueHy ; %
po3uuHiB, D |y 3paskKax, r|
5 0.083 0.00140 0.00060 30
10 0.064 0.00110 0.00090 45
20 0.059 0.00098 0.00102 51
30 0.057 0.00094 0.00106 53

NOACHWUTU BiNbLUIMM BMICTOM YpeTaHOBOI CKAaZoBOI y
KOMMO3MTax A4pyroi cepii.

HeniHiHa 3 BUpaXKeHNMMM MaKCUMyMaMM 3MiHa MiLl-
HOCTi KOMMNO3ULIMHMUX MaTepianiB 3a/eXHO Big, BMICTY
depoLeHy MOXHa NOACHUTU edeKTOM MaMX JOMILLOK,
WO NPOABAAETLCA Y MOKpPALLEHHI (i3MKO-MexaHiuHNX
B/1aCTMBOCTEN KOMMO3MUTiB, HAaNOBHEHUX MANIMMWN KOH-
LEeHTpaLiaMM HanosHIoBaYa [15].

He meHLW Bax/IMBOK XapaKTepucTnkor 6ionoriyHo
AKTMBHMUX IMMNIAHTATIB KiCTKOBOI TKAHWHW € BUBYEHHA
OVHAMIKM BMBINIbHEHHA NiKapCbKOi PEeYOBWMHWU 3 Noni-
MEepPHOI MaTpuL,i.

BusinbHeHHA depoueHy 3 nofiMepHUX 3paskiB y
MoOZie/ibHe cepefoBULLE BMBYAWU CNEKTPOPOTOMETPU-
yecknm metogom. O6’ekTamum gocnifkeHb 6ynu noni-
MepHi 3pasku dymapaTtemicHuMx EMY KoMNosuuinHux
MmaTepianis, HanoBHeHMXx 1% mac. depoueHy nicna ix iH-
Kybauii y 6C 199 npotarom 5, 10, 20 Ta 30 gib6.

OTpuMaHi pe3ynbTatM ONTUYHOI FYCTUHU OOCAIAXY-
BaHMX PO3YMHIB, BMICT pepoLeHy y 3pa3Kax Micna iHKy-
6auii Ta KinbKicTb BUBiINbHEHOrO PpepoLueHy npeacTase-
Hi y Tabaumui 2. KinbKicTb pepoLieHy, AKMi BUBIbHUBCA Y
MoZenbHe cepegosuiLe (puc. 6), po3paxoByBann 3a pis-
HULLEI MiX BIOMOIO KiNbKicTiO depoLeHy, BBEAEHOK B
nonimep Ao iHKkybauji, Ta Moro KinbKicTio nicna iHkybawi,
3HalAeHo 3a KanibpysanbHMM rpadikom.

OTpumaHi pe3ynbTaTti cBig4aTthb nNpo Te, wo 3a 10 ai6
iHKyb6aL,ii 3pa3KiB y moaenbHOMY cepefoBuLLi depoueH
BMBI/IbHAETLCA 3 MONIMEPHOI MaTpuLi B KinbkocTi 45%
BiZ, BBeAeHOi KinbKkocTi. Ha 30 noby KinbkicTb dpepoLeHy,
LLIO BUBI/IbHMBCA, CTAaHOBUTb 53%.

3rigHO 3 paHiwe nNpoBeAeHUMM FiCTONOTIYHUMU O0-
cnigkeHHAMM [16] bGionoriyHO aKTMBHA Ais NPOSIOHIO-
BaHoi popmu depoLeHy y cKnaai NoniMmepHoro imnaaH-
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PUCYHOK 6 — iIMHamiKa BUBiNIbHEHHA dpepoLeHy
3 ENY Komno3suuiiiHoro marepiany.

TaTy nonarana B akTUBaAUii KNITUHHOIO iMYHITETY Wo0A40
NOLIKOAMKEHUX TKAHUHHUX | KNITUHHUX CTPYKTYp, WO B
CBOO Yepry Npu3BOAM/IO A0 NPUCKOPEHHA NPOLLECiB pe-
reHepauii Ta ¢opmMyBaHHS HaBKOMO iMnnaHTaTty 6inbL
3pifIoi CNONYYHOTKAHWHHOI Kancyau.

BucHoBKM.

TakKMM YMHOM, KOMMNAEKCHI AOCNIAXKEHHA nonimep-
HUX MaTepianiB fann MOXKAUBICTb OTPUMATK TaKUM Ma-
Tepian MeaAnYHOro NPM3HavYeHHA, AKUMIM NOBHOK Mipoto
BiANOBiZAE MOCTaB/EHiN 3apa4di. MeTog KynbTypu TKa-
HWH [03BO/IMB BM3HAYUTU KOHLEHTpauito 6ionoriyHo
AKTUBHOI PEYOBMHMU, AKA B CKAALI NONIMEPHOrO HOCIA He
NPUBOAUTL A0 TOKCMYHOro BNAMBY. Pi3MKO-MexaHiyHi
[,03BO/IMAN BCTAHOBUTb 3a/IEXKHICTb MiLLHOCTHMX XapaK-
TEPUCTMK BiZ, NMPOLEHTY BMICTy HaMOBHIOBa4ya B KOM-
Nno3uTax, WO [AAE MOXKIMUBICTb CTBOPEHHA MONIMEPHUX
iMn1aHTaTIB i3 3a4aHUMM BNACTMBOCTAMMU. [IMHAMIKa BU-
Bi/IbHEHHA NiATBEPAKYE GAKT HAAXOAKEHHA depoLueHy
B OTOUYOYi TKAHUHM.

MepcnekTMBM NOAANBLUNX JOCNIAXKEHD.

OCKiNIbKK 3a pe3ynbTaTaMu LOKNIHIYHMX AOCNIAKEHD
€MOoKCUMO/iypeTaHOBI KOMMO3ULiNHI MaTepiann Hanos-
HeHi pepoueHoMm € 6ioN0riYHO aKTUBHUMMK Ta Be3neUHK-
MW, B MOAANbLUOMY MIAHYETLCA NPOBEAEHHA KAIHIYHUX
BUNpobyBaHb.
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NEPCNEKTUBHUIA KOMMNO3ULLIMHUIA MATEPIA1 HA OCHOBI EMOKCUMNONIYPETAHY 3 NPOJIOHTOBA-
HOlO A€ ®EPOLEHY ANA MEAULUUVHU

FanateHko H. A., BicnorysoBa T. B., PoxkHoBa P. A., Hapakaiiko /1. ®.

Pestome. Po3pobka imnaaHTaLinHUX maTepianiB A4 KiCTKOBOI TKAHMHU 3 NMOKPaLLEeHUMU di3UKO-MeXaHIYHUMM
Ta 6i0NOrYHMMM XapaKTEePUCTUKAMM 3a/IMLIAETHCA aKTya/lbHUM 3aBAAHHAM B 06/1aCTi CTBOPEHHA NOJIIMEPHUX Ma-
Tepianis MegMYHOro Npm3HaYeHHs. NepcnekTMBHUMU MeAUYHMMM NONIMEPAaMKN € HAaNOBHeEHI GepoLEeHOM ernoKcu-
noniypeTtaHoBi KOMMo3uuinHi matepiann (EMY). Ag)e enokcMiHa CKIagoBa 3yMOB/IOE BUCOKi disMKo-MexaHiuHi
NMOKa3HMKK, NONiypeTaH CNpuAe NigBULLEHIN BiocymicHOCTI, a HaABHICTb dpepoueHy Hagae 6ioNoriYHOT aKTUBHOCTI
maTepiany. Tomy, meToto Hawoi poboTn 6yno cTBOPEHHA NOAIMEPHUX KOMMNO3UTIB HA OcHOBI EMY 3 dpepouieHoM sK
HanoBHIOBaYeM /19 OTPUMAHHA MaTepiany 3 NoKpaLLeHNMU GisMKo-MexaHiYHUMM Ta BiONOFIYHMMK XapaKTepPUCTU-
KamMu ANA MeANYHOro 3actocyBaHHA. O6’ekTamum gocniaxkeHHsa bynmn depoueHBmicHi EMY KomnosuuinHi matepianu
CMHTE30BaHi 3@ PiI3HOr0 MOJILHOTO CMiBBIAHOLWEHHA eCTePHOI A0 i30LiaHaTHOT CK1ag0BoI. BmicT dpepoueHy cknasas
Big 0,1 no 10,0 mac. %. MeTogom KynbTypu TKaHWH i ¢pibpobnacTiB BUSHAYEHO KOHLEHTpaLito 6ioN0oriYHO aKTMB-
HOI PEYOBWHMU, KA B CKNAAj NONIMEPHOro HOCiA He NPUBOAMUTbL A0 TOKCMYHOTrO BNAuBY. BctaHoBneHo, wo 0,001%
po34nH depoLeHy MaB CTUMY/IFOIOYY Ait0 Ha PaHHIX CTaAiAX KyNbTUBYBAHHSA, MOPIBHAHO 3 KOHTPOAEM, @ TAaKOX CMo-
BiZIbHIOBaB Mnpouec gereHepauii KniTMH Ha 10 goby gocnigxkeHHs. PisnKo-mexaHiyHi BAacTMBOCTI pymapaTBMiCHUX
EMY 3anexaTb He TiIbKW Bif HAaABHOCTI y IXHbOMY CKAagi ¢epoueHy, a W Big MOro KoHLeHTpay,ji, Wo Aae 3mory
CTBOPIOBATM NOJIMEPHI MaTepianu i3 3a[aHUMKN XapaKTEPUCTUKAMU. 3riLAHO pe3ynbTaTiB CNeKTPOPOTOMETPUYHMX
OOCNiAKeHb BCTAHOBEHO, WO AO0CAiIAKYBaHI KOMNO3UTK 34aTHI 40 NPO/IOHIOBAHOMO BUBINIbHEHHA GepoLLeHy 3 no-
NiMepHOT MaTpuLi JoCAiAKYBaHUX KOMMNO3UTIB. KinbKicTb BUBiNbHEHOTo ¢pepoueHy npoTtarom 30 4i6 ctaHoBUTb 53%
BiZ, 3arafibHOi BBEAEHOI KiZIbKOCTIi HAaNOBHIOBAYa. TaKMM YMHOM, BBeAEHHA PpepoLeHy A0 CKAady enoKkcunoniyperta-
HOBOI MONIMEPHOT MaTPULL AAE MOXKIMNBICTb CTBOPHOBATU Ha iX OCHOBI 6i0NIOrYHO aKTUBHI iIMMNAHTATK, AKI MOXKHA
BMKOPUCTOBYBATU He TiNbKM ana dikcauii KiCTOK, ane i 3 NikyBanbHOI METOHO.

Kntouosi cnosa: enokcunoniypetaH, depoueH, bionoriyHe cepegosuie 199, imnnaHTart.

PERSPECTIVE COMPOSITE MATERIAL BASED ON EPOXYPOLYURETHANE WITH A PROLONGED ACTION
OF FERROCENE FOR MEDICINE

Galatenko N. A., Vislohuzova T. V., Rozhnova R. A., Narazhayko L. F.

Abstract. The development of implant materials for bone tissue with improved physical-mechanical, and bio-
logical characteristics remain a relevant task in the field of creating polymeric materials for medical use. Promising
medical polymers are ferrocene-filled epoxypolyurethane composite materials (EPU). After all, the epoxy compon-
ent ensures high physical-mechanical properties, polyurethane contributes to increased biocompatibility, and ferro-
cene provides biological activity. Therefore, the goal of our work was to create a polymer composites based on EPU
with ferrocene as a filler to obtain a material with improved physical-mechanical, and biological characteristics for
medical use. The objects of the study were ferrocene-containing EPU composite materials synthesized with different
molar ratio of ester to isocyanate component. The ferrocene content ranged from 0.1 to 10.0 wt. %. Using tissue
culture and fibroblasts, the concentration of the biologically active substance was determined, which, as part of the
polymer carrier, does not lead to toxic effects. It was found that a 0.001% ferrocene solution had a stimulating effect
in the early stages of cultivation, compared to the control, and also slowed down the cell degeneration process on
the 10th day of the study. The physical-mechanical properties of fumarate-containing epoxy-polyurethanes depend
not only on the presence of ferrocene in their composition but also on its concentration, allowing the creation
of polymer materials with specified characteristics. According to the results of spectrophotometric studies, it was
established that the studied composites are capable of prolonged release of ferrocene from the polymer matrix of
the tested composites. The amount of ferrocene released over 30 days constitutes 53% of the total introduced filler
amount. Thus, the introduction of ferrocene into the epoxy-polyurethane polymer matrix enables the creation of
biologically active implants based on them, which can be used not only for bone fixation but also for therapeutic
purposes.

Key words: epoxy-polyurethane, ferrocene, Biological medium 199, implant.
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STUDY OF POLYMER MATERIALS WITH DACARBAZINE BASED ON MULTIBLOCK

POLYURETHANEUREAS
Institute of Macromolecular Chemistry of the NAS of Ukraine (Kyiv, Ukraine)
d_kulesh@ukr.net

Polyurethanes are one of the most sought-after materials in the medical field due to their biocompatibility and
the ability to create various structures with specific properties. The aim of the work was to study the dynamics of the
release of dacarbazine from multiblock polyurethaneureas into the model environment, as well as to study the effect
of the prolonged form of immobilized dacarbazine depending on the composition of the polymer on the surrounding
tissues of experimental animals during their implantation. According to the obtained results, the polymer contain-
ing 3,6-dioxooctane-1,8-diamine (DA2) was characterized by the most complete release of dacarbazine (70.09% of
the total amount of the immobilized medicinal substance). During the implantation of composite materials based
on multiblock polyurethaneureas with dacarbazine of different composition in the body of experimental animals,
the development of cellular reactions typical for aseptic inflammation, without signs of acute inflammatory and
other reactive processes, was observed. According to the conducted histological studies, it was shown that the test
samples are biocompatible with the tissues of experimental animals, and the polyurethaneureas, which contained
the diamine with the shortest chain length of 2-(2-aminoethoxy)ethan-1-amine (DA1) in the structure, had a higher

degree of biocompatibility and can be recommended for further research.

Key words: polyurethaneureas, dacarbazine, release dynamics, implantation, biocompatibility.
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0122U000435.

Introduction.

Polyurethanes are among the most demanded ma-
terials in the medical field due to their biocompatibili-
ty and the ability to create a variety of structures with
specific properties. This versatility makes polyurethanes
highly promising in areas such as controlled drug release
and the development of biodegradable matrices. Poly-
urethanes are widely used as biodegradable drug car-
riers, ensuring gradual and prolonged release of active
substances [1, 2]. They are also applied as drug delivery
systems in medical adhesives and as implants for recon-
structing defects in maxillofacial surgery, effectively re-
storing bone defects [3].

Current scientific research increasingly focuses on
the development of polymer systems with prolonged
anticancer drug action, which is crucial in oncology [4,
5]. Researchers pay significant attention to methods of
drug immobilization on polymer matrices, studying their
biological activity, prolonged release capability, and ef-
fects on the structural and physicochemical characteris-
tics of the matrices. This enables the creation of systems
that ensure gradual and targeted drug delivery to affect-
ed tissues, minimizing adverse side effects.

Studies on the release dynamics of covalently bound
anticancer agents, such as doxorubicin and DB-67
(7-tert-butyldimethylsilyl-10-hydroxycamptothecin),
from lysine- and glycerol-based polyurethane foams,
have shown that release rate depends on temperature
and the chemical nature of the immobilized drugs. The
potential for differential release of drugs from biode-
gradable single-phase polyurethane foams offers pros-
pects for personalized treatment [6].

In the work [7], the ability to rapidly and prolongedly
release doxorubicin from biocompatible polyurethanes
based on hexamethylene diisocyanate and 4,4'-di-
phenylmethane diisocyanate (DPMDI) was demonstrat-
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