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Animals of the second and third groups were also divided into two subgroups according to the period of withdrawal
from the experiment (day 28 of the study and life expectancy monitoring). Treatment of animals began on the 5th
day after transplantation of LL cells. Before the start of LL cell inoculation, all mice underwent a Morawitz blood
clotting time test. The procedure was carried out on days 14 and 28 of the study, which made it possible to evaluate
the effect of LL carcinoma and LL carcinoma+ enoxaparin on the coagulation activity of the experimental miceblood.
On the 28th day of the study, animals of the corresponding groups were euthanized for hematological parameters
examination, and the removalof lungs (for metastases counting)and spleen (for further examination).Analysis of the
data obtained revealed a significant decrease in the metastatic activity of LL carcinoma with the administration of
the direct anticoagulant enoxaparin. The drug studied inhibited the formation of metastases in the lungs by 60.9%
and its growth by 96.9%.

According to our results, a disturbance of blood coagulation activity occurs at the background of metastasiz-
ing tumor growth. The blood clotting time in animals with grafted LL carcinoma decreased almost 13 times, which
indicates a hypercoagulable state at the stage of DIC syndrome. There was a 2.29-fold decrease in the number of
platelets in the blood of animals with LL carcinoma, which indicates their enhanced sequestration, characterized
by redistribution from the pool of circulating platelets in favor of the splenic pool. At the same time, therapy with
enoxaparin at a dose of 10 mg/kg was accompanied by a significant increase in blood clotting time by 6.2 times and
an increase in the number of platelets in the blood of experimental mice.

The data obtained provide insight into the involvementof paraneoplastic hypercoagulability syndrome in the
pathogenesis of metastasis and can form the basis for experimental justification for the use of direct anticoagulants
as accompanying therapy for the treatment of metastatic forms of tumors.
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Since the early 2000s, polypropylene has become the main material used in hernia repair. However, negative
statistics regarding the development of the inflammatory process after implantation of surgical meshes made of
different materials still remain disappointing. The development of the inflammatory process after implantation of
polypropylene surgical meshes is observed in 30-40% of patients. These data force scientists all over the world to
continue the search for the optimal surgical mesh according to the chemical composition, which would suit special-
ists not only from the side of the physical properties of the surgical mesh, but also from the side of its biocompatible
and anti-inflammatory properties. In recent years, tantalum has been successfully used to produce biocompatible
medical implants in surgery, orthopedics, and orthodontics.

The aim of our study was to determine the content of IL-16 and IL-6 in the blood plasma of experimental animals
28 days after implantation of polypropylene surgical meshes with a coating based on tantalum and its derivatives, in
particular tantalum oxide and nitride.

The experimental groups included 40 male rats of the WAG population. A 15x15mm polypropylene surgical mesh
with different types of coatings was implanted between the abdominal wall and the colon with the help of surgery.
28 days after surgery, blood was collected to determine the content of IL-18 and IL-6.
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The data obtained after the conducted studies indicate that coatings made of tantalum and tantalum oxide do not
contribute to the occurrence of the inflammatory process in comparison with the results of a group of experimental
animals that were implanted with a surgical mesh without a coating.

Coatings based on tantalum and tantalum oxide demonstrated excellent anti- inflammatory effects and demon-
strated excellent biocompatibility, which indicates to us the possibility of further improvement of surgical meshes by

applying biocompatible coatings to achieve better results in surgical practice.
Key words: tantalum, tantalum oxide, interleukin-18, surgical meshes, interleukin-6, tantalum nitride.

Connection of the publication with planned re-
search works.

The study is a fragment of the National Research
Council of the Department of Surgery Nel of KhNMU
on the topic: «Development of surgical technologies
for the diagnosis and treatment of diseases and injuries
of the digestive system using hybrid (open and mini-
mally invasive) operations» (state registration number:
0119U002909).

Introduction.

Over the past two decades, polypropylene surgical
meshes have become an integral part of the treatment
of various types of hernias and other soft tissue recon-
structions. These materials significantly improved the
results of hernioplasty, reducing the frequency of hernia
recurrences, promoting tissue healing [1].

However, the development of inflammatory and in-
fectious processesassociated with the use of polypro-
pylene surgical meshes pose significant problems for
postoperative recovery and prediction of implantation
results. This is amultifaceted issue that includes the
analysis of the body’s innate immune response tofor-
eign materials, the possibility of bacterial contamina-
tion during surgery and thesubsequent risk of infection
associated with the implanted surgical mesh, the state
ofthe patient’s immune system [2]. Understanding these
complexities is critical todeveloping strategies to reduce
risks and improve the quality of hernioplasty material.
When surgical mesh is implanted, our body recognizes
it as a foreign body, which causes an innate immune
response [3]. This response is initially characterizedby
an acute inflammatory phase when neutrophils and
macrophages are recruited tothe site of implantation.
These immune cells release cytokines and chemokines,
substances that mediate inflammation and recruit ad-
ditional immune cells [4].

Although this reaction is a natural part of the heal-
ing process aimed at facilitating tissue recovery, the very
presence of the mesh and the material from which it is
made can provoke the further development of the in-
flammatory process, which leads to chronic inflamma-
tory reactions and the occurrence of an adhesion pro-
cess [5].

Interleukin-1 beta (IL-1B) and interleukin-6 (IL-6) are
key cytokines in a complex immune signaling network,
play a critical role in mediating the inflammatory re-
sponse, and promote interaction between innate and
adaptive immunity [6]. This process goes beyond simple
involvement in immune defense mechanisms to influ-
ence processes related to cell growth and differentia-
tion, tissue repair, and metabolic regulation. Thus, the
determination of IL-1B and IL-6 in the blood of patients
has attracted considerable attention from researchers
due to their contribution to the pathogenesis of vari-
ous inflammatory and autoimmune diseases,as well as
their potential as therapeutic targets and biomarkers to

assess the course of the disease and response to treat-
ment [7].

The evolution of surgical mesh technology reflects
constant efforts to solve the problems of the devel-
opment of inflammatory and adhesion processes at
the site of surgical mesh implantation, which leads to
the development and use of new materials and struc-
tures aimed at minimizing complications [8]. The latest
achievements of scientists led to the development of
surgical meshes with experimental coatingsaimed at
improving the biocompatibility of the implant [9].

We turned our attention to tantalum coatings, which
are famous for theircorrosion resistance and excellent
biocompatibility, demonstrating excellent results insur-
gery, orthodontics and orthopedics [10].

In order to study the body’s immune response to the
implantation of polypropylene surgical meshes with a
coating based on tantalum and its derivatives, we evalu-
ated the content of interleukins IL-1B and IL-6 in the
blood plasma of experimental animals.

The aim of the study.

Determination of the content of pro-inflammatory
cytokines, namely IL-1B andIL-6, in the blood plasma
of experimental animals 28 days after implantation
of polypropylene surgical meshes with a coating based
on tantalum and its derivatives,in particular tantalum
oxide and nitride.

Object and research methods.

The experimental groups included 40 male rats of
the WAG population weighing 220+20 g. After acclima-
tization in the vivarium of the Kharkiv National Medical
University, which lasted 21 days, the experimental ani-
mals were randomly divided into six groups. The first (in-
tact) group included 6 rats. The second group included
6 rats that underwent surgery, but without implementa-
tion of a surgical mesh. The third group included 7 rats
with an implanted surgical mesh coated with tantalum.
The fourth group included 7 rats with an implanted sur-
gical mesh covered with tantalum oxide. The fifth group
includes 7 rats with an implanted surgical mesh covered
with tantalum nitride. The sixth group included 7 rats
with an implanted surgical mesh without a coating.

Rats were maintained under standard laboratory
conditions in accordance with the Standard Rules for
the Arrangement, Equipment and Maintenance of Ex-
perimental Biological Clinics, following the general prin-
ciples of bioethics inaccordance with the Declaration
of Helsinki adopted by the World Medical Assemblyin
1964. Animals received the same amount of water, ac-
cess to food was free in all groups.

With the help of surgical intervention, polypropyl-
ene surgical mesh «Omega Il standard» (Ukrtechmed,
Ukraine) measuring 15x15 mm was implanted between
the abdominal wall and various sections of the colon.
Anesthesia was performed by intraperitoneal adminis-
tration of the drug «Relax» (BioTestLab, Ukraine) at a
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dose of 8 mg/kg, the active substance of which is 1%
propofol. Fixation of the surgical mesh was performed
with suture material «Prolene» (ETHICON®, USA) with
simple sutures along the top of the mesh, knots towards
the aponeurotic plane, minimizing the amount of intra-
peritoneal foreign body.

After 28 days, experimental animals were decapi-
tated and blood was immediately collected into sterile
K2 EDTA VACUTAINER tubes (BD Vacutainer®, China).
Blood samples were used to determine IL-1B using
the «IL-1B ELISA Kit» (Abcam, USA) and IL-6 using
the «IL-6 ELISA Kit» (Abcam, USA) on a «Solar» PV-
1251C spectrophotometer. The content of IL-13 and IL-6
in the blood plasma of rats was determined in pg/ml.

Statistical processing of the obtained data was per-
formed using the Graph Pad Prism program (Graph Pad,
USA). Indicators were compared using the non- para-
metric Mann-Whitney U-test. Results by group were
presented as the median (Me) range. Differences at
p<0.05 were considered statistically significant.

When handling experimental animals, we strictly
followed the guidelines ofthe EU Directive No. 63 of
2010 on the protection of animals used for scientific
purposes and the Council of Europe Convention on the
protection of vertebrateanimals used for experimental
and other scientific purposes, which was adopted at the
meeting in Strasbourg in 1986, Law of Ukraine No. 3447-
IV, Articles 26, 31 «On the Protection of Animals from
Cruelty Treatment», «General Ethical Principles of Ani-
mal Experiments», adopted by the Fifth National Con-
gress on Bioethics (Kyiv, 2013). The study was approved
by the Bioethics Committee of the Kharkiv National
Medical University (protocol No. 3 dated September 21,
2020).

Research results and their discussion.

Implantation of surgical mesh during hernioplasty
causes a cascade of reactions in the body. Over the past
decade, there has been increasing concern about the
use of polypropylene surgical mesh due to the compli-
cations it can cause. First of all, this is the development
of a long-term inflammatory process with the threat of
developing purulent-septic complications. During a pro-
longed inflammatory process, the activity of neutrophils
increases, and the release of histamine and interleukins
from mast cells plays an important role in the body’s
immune response. Cases arealso known from the sci-
entific literature when surgical intervention with the
implantation of a polypropylene mesh can also cause
the development of adhesions and purulent-necrotic
processes [11].

According to modern scientific research, it is known
that mesh implantation during hernioplasty is accompa-
nied by leukocytosis, an increase in the content of IL-6,
IL-1B, IL-10 and fibrinogen during the first 7 days after
the operation. However, later, 8-10 days after surgery,
the levels of markers of the inflammatory process re-
turn to normal. The fact that the level of cytokines
in the blood plasma remains high always indicates the
presence of a long-term inflammatory process atthe
site of surgical mesh implantation, and as a result, the
possible development of an adhesion process [12].

It is known that interleukin-1 beta (IL-1B) is a power-
ful pro-inflammatory cytokine that plays a central role
in the innate immune response, acting as a key media-
tor of inflammation. Produced primarily by activated

macrophages, but also by various other cells, includ-
ing dendritic cells, B cells, and epithelial cells, IL-1B
affects a wide range of biological processes, including
inflammation, cell proliferation and differentiation, and
apoptosis. It is involved in the pathogenesis of numer-
ous inflammatory and infectious diseases, autoimmune
disorders, which makesit a critical target for therapeutic
intervention and a marker of the course of diseases [13].
IL-1B is synthesized as an inactive precursor, pro-IL-1p,
which lacks a signal peptide for classical secretion and
requires processing to become active. The conversion of
pro-IL-1f into its active form is mediated by caspase-1
in the cytosolic multiprotein oligomeric complex. Ac-
tivation of the inflammasome is triggered by a variety
of stimuli, including microbial pathogens, toxins, and
endogenous danger signals, leading to cleavage of pro-
IL-1B and release of active IL-1B. This activation mecha-
nism emphasizes the strict regulation of IL-1B activity,
and ensures that its powerful pro-inflammatory effects
are mobilized only in response to real threats tothe
body [14].

Interleukin 6 (IL-6) is a multifaceted cytokine that
plays a central role in immune regulation, inflammation,
and metabolism. The effectiveness of IL-6’s actionranges
from promoting the acute phase response to facilitating
communication between cells of the immune system
and influencing metabolic processes. The complexity of
the biological functions of IL-6 reflects its involvement in
pro- inflammatory pathways, which makes it a key mol-
ecule in the pathogenesis of various diseases, as well as
a target for therapeutic interventions. It is synthesized
by various types of cells: lymphocytes, monocytes, fi-
broblasts and endothelial cells in response to infectious
and inflammatory processes, tissue damage. Unlike
manycytokines, which have a more limited source, the
wide range of cells capable of synthesizing IL-6 under-
scores its broad effects on physiological and patho-
logical processes. IL-6 synthesis is regulated at both the
transcriptional and post- transcriptional levels, ensur-
ing that its expression is appropriately matched to the
physiological context [15]. IL-6 is important for initiating
the synthesis of acute- phase proteins during surgery,
including C-reactive protein (CRP), ceruloplasmin,and
haptoglobin, which perform various immunomodulato-
ry and protective functions. IL-6 also affects the differ-
entiation and activation of T cells, promoting thedevel-
opment of Th17 cells while inhibiting the differentiation
of regulatory T cells (Treg), thus shaping the adaptive
immune response [16].

As a result of the research conducted on the 28th
day, it was determined that in the group of experimental
animals that underwent surgery without surgical mesh
implantation, the content of IL-1B and IL-6 in the blood
plasma was statistically higher by 20% and 30% com-
pared to the values of the intact groups of animals (fig.
1,2).

In the group of experimental animals, after implan-
tation of a tantalum-based surgical mesh, the content
of IL-1B and IL-6 was significantly higher by 14.6% and
21.6%, respectively, compared to the results in the group
of intact animals. Comparedto a control group that un-
derwent surgery without implantation, tantalum-based
coatings showed a better outcome. Thus, the content of
IL-1B and IL-6 in the tantalum-coated group was lower
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Figure 1 — The content of IL - 1B (pg/ml) in the blood of
experimental animals after implantation of surgical meshes without
a coating, with a coating based on tantalum and its derivatives.
Notes: * — significant (p<0.05) difference compared to the indicators
of the intact group; # — significant (p<0.05) difference compared to the
indicators of the group without implantation; § — significant (p<0.05)
difference compared to the indicators of the group without coverage.
by 4.6% and 6.8%, respectively, compared to the results

of the second group.

After implantation of a surgical mesh with a coating
based on tantalum oxidein the group of experimental
animals, the content of IL-1f and IL-6 was statistically
higher by 18.7% and 36.6%, respectively, compared to
the results of the group of intact animals. Compared
with the control group that underwent surgery without
implantation, the content of IL-1f was not statistically
different, and the content of IL-6 tended to increase ac-
cording to the results of the control group.

In the fifth group of rats, which were implanted with
polypropylene surgical mesh with a coating based on
tantalum nitride, the content of IL-1B and IL-6 was statis-
tically higher by 45.3% and 70%, respectively, compared
to the results of intact animals. At the same time, com-
pared with the control group, which underwent surgery
without implantation, the IL-1B8 and IL-6 content were
statistically higher by 21.1% and 30.7%, respectively, ac-
cording to the results of the control group.

After implantation of polypropylene surgical mesh
without coating (sixth group), the content of IL-1B
and IL-6 was statistically significantly higher by 72%
and 81.6%, respectively, compared to the values of in-
tact animals. The obtained results indicate a persistent
long-term inflammatory process that occurs at the site
of surgical mesh implantation, which is confirmed by a
morphological study. At the same time, compared with
the control group that underwent surgery without im-
plantation, the content of IL-1B and IL-6 was statistically
higher by 43.3% and 39.7%, respectively, according to
the results of the control group (second group).

The obtained data indicate that coatings based on
tantalum and tantalum oxide do not contribute to the
inflammatory process in comparison with the results of
a group of experimental animals that were implanted
with a surgical mesh without a coating.

Figure 2 — The content of IL— 6 (pg/ml) in the blood of experimental
animals after implantation of surgical meshes without a coating,
with a coating based on tantalum and its derivatives.

Notes: * — significant (p<0.05) difference compared to the indicators
of the intact group; # — significant (p<0.05) difference compared to the
indicators of the group without implantation; § — significant (p<0.05)
difference compared to the indicators of the group without coverage.

Scientists testified that an important factor in in-
creasing the level of pro-inflammatory cytokines is not
only the biocompatibility of the material and its anti-
inflammatory effect, but also the method of surgical
intervention. Open methods of surgical intervention
contributed significantly to the development of the in-
flammatory process, in comparison with laparoscopic
methods [17]. Determination of the level of cytokines,
in particular IL-1B and IL-6, in the blood plasma makes
it possible to assess the activity of the inflammatory
process in the postoperative process and to adjust the
treatment process.

In our study, we used polypropylene surgical meshes
of the same type, but withthe addition of biocompatible
coatings based on tantalum and its derivatives. This is
one of the first studies where a team of scientists not
only compared types of surgical mesh, but also added
a biocompatible coating through magnetron sputtering.

Thus, as a result of our research, tantalum and tanta-
lum oxide-based coatings have demonstrated excellent
anti-inflammatory effects and demonstrated excellent
biocompatibility, indicating to us the possibility of fur-
ther improving surgical mesheswith biocompatible coat-
ings to achieve better results in surgical practice.

Conclusions.

According to the results of the study, it was estab-
lished that the use of polypropylene surgical meshes
with a coating based on tantalum and tantalum oxide
significantly reduces the inflammatory reaction in the
body of rats, compared to the implantation of uncoated
meshes and meshes coated with tantalum nitride. This
is confirmed by a decrease in blood plasma of IL-18 and
IL-6 on the 28th day after surgery, which indicates better
biocompatibility and anti-inflammatory effect of tanta-
lum and tantalum oxide coatings. The obtained results
were confirmed by morphological studies.
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In addition, our study highlights the need for further  our team plans to explore other innovative coatings and
clinical st.udies a-nd to explore the possibility of their fu-  materials that could minimize the body’s physiological
ture use in hernioplasty. response to implanted surgical meshes. Ultimately, the

Prospects for further research. . .

goal of the work is to develop surgical meshes that not

Future experiments should focus on longitudinal . . . . )
studies to evaluate the long- term effects of these coat-  ©NlY Provide mechanical functionality, but also actively

ings on the development of oxidative stress and wound ~ Promote healing, reducing complication rates and im-
surface healing outcomes in clinical settings. In addition,  proving patient quality of life.
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PO/b MPO3ANA/IbHUX LUTOKIHIB B OPFAHI3MI LLLYPIB NICNA IMN/IAHTALLIT NONINPONINEHOBUX XIPYP-
FNYHUX CITOK I3 MOKPUTTAM HA OCHOBI TAHTANTY TA MOTO NOXIAHUX

HakoHeuHa O. A., Kucnos O. B.

Pe3tome. 3 noyaTky XXI cTONITTA NoninponineH cTaB OCHOBHUM MaTepianom, SKMIA BUKOPUCTOBYETLCS NPU naac-
TUL TPUXKi. Y CBITi BUKpUCTOBYETbCA Ginblwe 30 BMAIB NOMINPONINEHOBUX XipypriYyHMX CITOK, O4HaK HeraTuBHa Cra-
TUCTMKA 3 NPUBOAY PO3BMTKY 3anasibHOro Npouecy Micna iMnaaHTauii 1 Joci 3a/MLWAETbCA HEBTILWHOW. PO3BMTOK
3anasibHOro npouecy nicaa iMnaaHTawii noainponineHoBMxX XipypriyHnx citok cnoctepiraetbea y 30-40% nauieHTis.
MoninponineHoBi CiTKK, 3aBAAKN CBOIA CUHTETMYHIM Npupoai Ta 0cobanBUM ¢di3UKO-XiMiYHMUM BNACTUBOCTAM, MO-
KYTb MOCUAUTU LIO 3anasibHY peakKuito. Bianosiab opraHisamy Ha noninponineHosi maTepianv MoXKe NpuU3BecTu Ao
iHKancynAwji XipypriyHoi ciTku y ¢ibpo3Hil TKaHWHI, NpoLecy, NPU3HAYeHOro ANA i301ALii CTOPOHHBLOrO MaTepiany.
[aHa ¢pibpo3Ha peaKLia MoXKe CNPUYNHUTU AMCKOMOPT, 6inb i nopyweHHA GYHKLiOHANbHICTI CITKKU, CMPUYMHMBLLN
B nofasnbwomy gedopmauito. NPOTAromM OCTaHHIX POKIB TaHTaA 3 YCNIXOM BUKOPUCTOBYETbCA ANA BUPOOAEHHA bio-
CYMICHUX MeAMYHUX iIMNAAHTIB Y Xipyprii, opToneaii Ta OpTOAOHTII.

MeTolo Haloro AocaigxeHHs 6yn10 BU3HAYEHHS BMICTy Npo3anabHuX LMTOKIHIB, a came IL-1PB Ta IL-6, y nnasmi
KPOBi eKCNepPMMEHTaNbHUX TBAapUH Yepes 28 Aib nicna imnaaHTauii NoAinponineHoBMX XipypriYHUX CiTOK 3 NOKPUT-
TAM Ha OCHOBI TaHTasy Ta MOro NOXiAHMX, 30KPEMa OKCMAY Ta HITPUAY TaHTany.

[o eKkcnepyMmeHTanbHOI rpynu yeinwam 40 wypis — camuis nonyaauii WAG. EKcnepMmeHTanbHi TBapuHU byaun
po34ineHi BUNaAKOBMM YMHOM Ha LWICTb rpyn. 3a AONOMOrO0 XipypriYHOro BTPyYaHHsA 6yn0 iMnnaHTOBaHO MNoi-
nponineHosy XipypriyHy citky «Omera Il ctaHgapT» (YRpTexmes, YKpaiHa) po3amipom 15x15mMm i3 pisHMMM TUNamu
NMOKPUTTIB Mi¥K YepeBHOI CTIHKOI Ta TOBCTOK KMLLIKOlD. Yepes 28 aib nicna onepaTMBHOro BTPyYaHHA Hyio npo-
BeAEeHO AeKaniTalilo ekcnepmmeHTabHMX TBapUH LWIAXOM LiepBiKa/ibHOI AMCNOKaL,i Ta Bigpa3y 3ibpaHo KpoB a1
BM3Ha4yeHHs BmicTy IL-1f Ta IL-6 B nna3mi Kposi.

OTpumaHi gaHi nicna npoBeAeHUX AOCAIAXKEHb BKA3ylOTb Ha Te, WO NOKPUTTA 3 TaHTANY i OKCMAYy TaHTany He
CNPUAOTb BUHUKHEHHIO 3ana/ibHOro NpoLecy Y NOPiIBHAHHI i3 pe3yabTaTamu rpynu eKcnepumMmeHTanbHUX TBAPWH,
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AKMM BYN0 iMNIaHTOBAHO XipypriyHy CiTKy 6€3 NoKpuTTA. Y rpyni eKcnepumeHTanbHUX TBAapMH Nicasa imnnaHTauii
XipyprivyHOi CiTKM 3 MOKPUTTAM HA OCHOBI TaHTany BmicT IL-1B Ta IL-6 cTaTMcTMYHO 6yB BUWMM Ha 14,6% Ta 21,6%
Bi4NOBIAHO A0 Pe3ynbTaTiB Y iHTAKTHMUX TBAPUH. Y rpyni eKcnepuMeHTabHUX TBAPUH NicnA iMnaaHTauii XipypriyHoi
CiTKM 3 MOKPUTTAM Ha OCHOBI OKcuay TaHTany BmicT IL-1B Ta IL-6 ctaTucTMyHo 6yB BULWLMM Ha 18,6% Ta 36,6% Bigno-
Bi4HO, Y NOPIBHAHHI 3 pe3y/sibTaTamMu Fpynu iHTaKTHUX TBAPUH. Y TOW Ke 4ac, Y rpyni eKcnepumeHTa bHUX TBAPUH
nicns imnnaHTauii noninponineHoBoi XipypriYHoi ciTkn 6e3 nokputTa BmicT IL-1B Ta IL-6 cTaTUCTUYHO BYB BULMM Ha
72% 1a 81,6% BiANOBIAHO, Y MOPIBHAHHI 3 rPYNoOt0 iIHTAKTHUX TBAPUH.

Y pesynbTaTi MOKPUTTA HAa OCHOBI TAHTANy Ta OKCUAY TAHTA/ly NPOAEMOCTPYBaAN BiAMIHHUIN NPOTU3anaibHWUI
edeKT Ta NPoAEMOHCTPYBaN YyA0BY BiOCYMICHICTb, LLLO BKA3yE HAM Ha MO/IMBICTb NOAA/NbLIONO BAOCKOHANEHHA
XipypriYHUX CiTOK 3a ONOMOTrot 6ioCyMiCHUX NOKPUTTIB A/1A AOCATAHHA KPaLLMX Pe3ybTaTiB y XipypriuHii npaktuu,.

KnouoBi cnoBa: TaHTan, OKCUA TaHTany, iHTepaenKiH-1[B, XipypriuHi CiTKK, iHTepAenKiH-6, HiTpUA TaHTany

THE ROLE OF PRO-INFLAMMATORY CYTOKINES IN RATS AFTER IMPLANTATION OF POLYPROPYLENE SURGICAL
MESH WITH A COATING BASED ON TANTALUM AND ITS DERIVATIVES

Nakonechna O. A., Kyslov O. V.

Abstract. Since the beginning of the 21st century, polypropylene has become themain material used in
hernia plastic surgery. More than 30 types of polypropylene surgical meshes are available in the world, but negative
statistics regarding the development of the inflammatory process after implantation still remain disappointing. The
development of the inflammatory process after implantation of polypropylene surgical meshes is observed in
30-40% of patients. Polypropylenenets, due to their synthetic nature and special physicochemical properties, can
increase this inflammatory reaction. The body’s response to polypropylene materials can lead to encapsulation of
the surgical mesh in fibrous tissue, a process designed to isolate the foreign material. This fibrotic reaction can cause
discomfort, pain, and dysfunction of the mesh, causing subsequent deformation. In recent years, tantalum has been
successfully used to produce biocompatible medical implants in surgery, orthopedics, and orthodontics.

The aim of our study was to determine the content of pro-inflammatory cytokines, namely IL-1B and IL-6, in the
blood plasma of experimental animals 28 days after implantation of polypropylene surgical meshes coated on the
basis of tantalum and its derivatives, in particular tantalum oxide and nitride.

The experimental group included 40 male rats of the WAG population. Experimental animals were divided
randomly into six groups. With the help of surgical intervention, polypropylene surgical mesh «Omega Il standard»
(Ukrtehmed,Ukraine) measuring 15x15 mm with different types of coatings was implanted between the abdominal
wall and the colon. 28 days after surgery, experimentalanimals were decapitated by cervical dislocation and blood
was immediately collected to determine the content of IL-1f and IL-6 in blood plasma.

The data obtained after the conducted studies indicate that coatings made of tantalum and tantalum oxide
do not contribute to the emergence of an inflammatory process in comparison with the results of a group of
experimental animals that were implanted with a surgical mesh without a coating. In the group of experimental
animals, after implantation of a tantalum-based surgical mesh, the content of IL-13 and IL-6 was statistically higher
by 14.6% and 21.6%, respectively, compared to the results in intact animals. In the group of experimental animals
after implantation of a surgical mesh with a coating based on tantalum oxide, the content of IL-1B and IL-6 was
statistically higher by 18.6% and 36.6%, respectively, compared to the results of the group of intact animals. At the
same time, in the group of experimental animals after implantation of polypropylene surgical mesh without coating,
the content of IL-1B and IL-6 was statistically higher by 72% and 81.6%, respectively, compared to the group of intact
animals.

As a result, the coating based on tantalum and tantalum oxide demonstrated an excellent anti-inflammatory
effect and demonstrated excellent biocompatibility, which indicates to us the possibility of further improvement of
surgical meshes with biocompatible coatings to achieve better results in surgical practice.

Key words: tantalum, tantalum oxide, interleukin-1B, surgical meshes, interleukin-6, tantalum nitride.
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