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1. EdbexTuBHE PUIIMHEHHS KPOBOTEUi IIONIPY PO3BUTOK CYJaCHOI MEIULIMHY U [IO LIbOTO Yacy € 3HAaUHUM BUKJIMKOM
K Ha JOLINUTAIbHOMY €Talli, Tak i B yMOBaX CTalliOHapHOI XipypriyHoi AOIIOMOrY, 0CO6JIUBO Y pasi TpaBMU
IapeHxiMaTo3HuX opraxis. Cepep, 6€31idi CIOCO6iB NPUNVHEHHS NAPEHXIMAaTO3HOI KPOBOTEYi OJHMAM i3 Hai6i1bII
IIPiIOPUTETHUX € BUKOPUCTAHHS MiCIIeBUX FeMOCTaTUYHUX 3aCc00iB. Lle [oCTymnHi, epeKTUBHI Ta 3pyuHi y
BUKOPMCTaHHI MaTepiasy, o MOXYTb 3aCTOCOBYBATUCH SIK CAMOCTIMHO, TaK i B IO€JHAHHI 3 iHIIMMU METOAMHU.
Micuesi reMoCTaTUKM iCHYIOTb y BUIJISIi [IOPOILKIB, I'yOOK, KJI€iB, aeporesiis, Tigporeis, J1aCTUH, MeMOpPaH TOMIO i
MO>YTb OYTH CUHTETUYHOTO, 610JI0TiYHOTO Y1 HEOPTaHIYHOTO MOXOMKEHHS. OTHUM i3 HANOI/IbII [1EPCIIEKTUBHUX
MarepiasiB € KaTiOHHUI NoJricaxapuy, xitTo3aH (XT) 3aBASIKY TaKUM BJIACTUBOCTSIMH, SIK HETOKCUYHICTB,
6ioCcyMiCHICTb, KOHTPOJIbOBaHA Gioferpasallisi, BilCyTHiCTb iMyHOT€HHOCTI, BUCOKA F€MOCTaTUYHA Ta
IPOTUMIKPOOHA aKTUBHICTb. BiH MOKe 6yTH 3aCTOCOBaHUM y BUIJISIAI II€PEB’I3yBaJIbHOTO MaTepialy Y4 paHOBOTO
MIOKPUTTSI, FEMOCTATUYHOTO 3aCO0y UM cKadoJiy 171l TKAHUMHHOI iHkeHepii. [[poTe BIaCTUBOCTI XiTO3aHy Ta ix

BHPaXXEHICTh 3HAYHO 3ajIeXXaTh Bif (piznyHOi popmu, Makpo- Ta MiKPOCTPYKTYypU Giomarepiaiy, 110 0COBIMBO



BXJIMBO JJIs1 IPUIIMHEHHS KPOBOTEYi 3 MaPEHXIMaTO3HMX OPTraHiB, KOJIM FeEMOCTATUYHUH 3aCi0 3a/IMIIAETHCS B PaHI.
[uceprallis MprCBsYeHa PO3pOHIEHHIO Ta CTBOPEHHIO TPUBMMIiPHUMX XiTO3aHOBUX MiCIIEBUX I€MOCTaTUIHUX
MarepiaiB 11 NPUIIMHEHHS IapEHXIMaTO3HOI KPOBOTEYi, BUBYEHHIO iX IPOCTOPOBOI CTPYKTYPH, Pi3UUHUX
XapaKTEPUCTUK, 610CyMiCHOCTI, TOKCUYHOCTI Ta aHTUOAKTEPi/IbHUX BJIACTUBOCTEH, @ TAKOK BU3HAUYEHHIO
e(eKTUBHOCTI reMOCTa3y, 0COOJIMBOCTEN peaKllii TKAaHMH i pereHepallii e4iHKY MicJisi IPUIMHEHS] KPOBOTEYi (Ha
IIPUKJIAJ] [TeYiHKyY mypa). Y JOoCiIpKeHHI BUKOPUCTOBYBAJIM TPY BUAM XiTO3aHOBUX MaTepialiB, SKi po3pi3HsIucs 3a
CTPYKTYPOIO T2 METOJOM CUHTE3Y (KOKHUH i3 SIKUX BUKOPHUCTOBYBAJIU B TPbOX BapiaHTaX, 3aJIEXKHO Bif XiMI4YHOTO
ckyazy). Tak, XxiTo3aHOBI r'y6KM, OTPMMaHi 3a JOIIOMOTOI0 J1i0(piTbHOTO BUCYIIYBaHHS, PO3MOLISIN 32 BUAOM
PO3YMHHMKA Ha aleTaT, ackopOar Ta oKcajsaT XiTo3aHy. XiTo3aHOBi aeporeJii, CUHT€30BaHi 3a IPUHIUIIAMU «3€JIeHOI
XiMii», pO3pi3HsIINCS 3aJI€5KHO BiJl KOHLeHTpallii acriapariHoBoi (Acn) Ta riyramiHoBoi ([71y) aMiHOKKCIIOT, 1110
BXOJIMJI J10 iX CKJIaAy y chiBBigHOmeHHsx 5:1, 1:1 ta 1:5. XiTo3aHoBi Mem6pany, siki 6ys1d CTBOPEHi METOJOM
€JIEKTPOIIPSIiHHS BUTOTOBJISIN 3 UMCTOTO XiTO3aHy, a TAKOXK XiTO3aHY B MO€HAHHI 3 nosietTuneHokcugom (IEO) y
criBBigHOmeHHsX 1:1 Ta 1:3 BinnoBimHO. OCHOBHOIO 0COOIUBICTIO MEMOPaH, OTPUMAHUX METOJIOM €JIEKTPOIIPSIiHHS,
OyJia ix TpuBUMipHa Oyi0Ba 3 Pi3HOCIIPSIMOBAaHMMU HAaHOBOJIOKHaMMU. [l BCix 3pa3KiB OyJiv IPOBEEH] Taki MeToOu
IOCJIiIKEHHS, SIK CKaHyBaJIbHa €JIEKTPOHHA MiKPOCKOIIig, iHppadyepBOHa CIIEKTPOCKOIILisl, BU3HAUYE€HHS TIOPUCTOCTI 1
IIi7TbHOCTI, BUMIPIOBaHHS KOHTAaKTHOTO KyTa MeM0OpaH, IOCiIKeHHs aerpaganii ta 6iogerpanauii (in vitro),
BU3HAY€HHS aHTUOAKTEPiaIbHUX BJIACTUBOCTEN i IUTOTOKCUYHOCTI, JOCiIPKEHHs COPOIlii Ta reMaToIoOTiYHUX
IIOKa3HMKIB MiCJIs B3aeMOJi 3 KpOB'10. XiTO3aHOBI ['yOKM Ta a€poreJii Mayu TpabeKyJsIpHy CTPYKTYPY 3 CKJIAIHUM
penbedoM Ta IopaMu Pi3HOro JiameTpy. MemOpaHu OTPUMaHi IUISIXOM €JIEKTPOIIPSIiHHS CKIaanach 3
PO3rayyi’KeHOoi IOPUCTOI CITKU 3 HAHOBOJIOKOH pi3HOro AiameTpy. JJociimkeHHs Ha KyJbTypi pibpobacTis
IIPOJIEMOHCTPYBAJIO O6e3IeyHicTh XT aleTary, IpoTe rybky Ha OCHOBI aCKOp0aTy Ta OKcajlaTy MpOsBIISLIU
TOKCAYHUI e(pEKT. AeporeJii He3a1eXXHO Bif] CIiBBiIHOMEHHS aMiHOKMCJIOT MaJId BUCOKY 0iOCYMiCHICTb.
HaHOBOJIOKOHHI MaTepiau 3 YUCTOTO XiTO3aHy NPOSIBIISIA IIOMiPHY TOKCUYHICTD, TOTI sIK gogasanHs [TIEO no
PO34YMHY XT NiJBUALILYBaJIO NOPUCTICTb Ta rigpodinbHicTs Membpanu. CriBBinHomenHs Xt /I1EO = 1/3 no3sosnnio
ozepyKaTy OAHOPINHI pi3HOCTIPAMOBAHI BOJIOKHA, 110 [IPOLEMOHCTPYBAJIM BUILY aAresilo KIiTUH Ha CBOIM IIOBEPXHI
Ta CTUMYJIALIIO nTpostidpepauii. Ogep>kapimy pe3yIbTaTy Ta MPOBIBIINY iX aHasi3, 6y BU3HAYEHI TPY Kpallli 3pasKu,
10 OJHOMY 3 KOXKHOI rpynu — XT anerart, XT Acn/I'ny = 1/1 ta Xt /T1IEO = 1/3. 11i MaTepiany BUKOPUCTOBYBAJIY J1JIsI
OLIiHIOBaHHS1 KpPOBOCIIMHHOI €(peKTUBHOCTI Ta 6i0CyMiCHOCTI Ha MoZeJli TpaBMU MeYiHKY IypiB. K rpyny
MOPiBHSIHHS BUKOPYCTOBYBAIM OJMH i3 Hal6i1b11 MOIMPEHNX Y KJIiHIYHIN TPaKTULi €(EKTUBHUX MiCLIEBUX
reMOCTaTUYHUX 3ac006iB — TaxokomM6. ByJio MpoBeieHO BUBHAYEHHS! IBUJIKOCTI rFéMOCTa3y, OLiHIOBAHHS CIIAaiKOBOTO
IIpoliecy, ricToJIoTiuHe, TiCTOXiMiuHe Ta iIMyHOTiCTOXiMiYHE NOCIiIPKEHHS], CTaTUCTUYHE 0OpPOOJIeHHS JaHuX. Y pasi
3aCTOCYBaHHS XiTO3aHOBUX MaTepiajliB reMoCTas 6yJo0 JOCSITHYTO B yCiX BUNaAKax. Yac IOBHOrO MPUIIAHEHHS
KPOBOTEYi HE MaB CTaTUCTUYHO 3HAYYyLIOi pisHuLi Mixk rpynamu (p = 0,083). Yci gocnimKyBaHi maTepiany Mmanu
3[IaTHICTb 10 6iomerpajaliii, o MoBMHHA 326€3e4YUTH iX esiMiHalliio Ta pO3BUTOK BJIaCHUX TKaHUH Y Miclii
3aCTOCYBaHHS. XT alleTaT CIIPUYMHSB BUPAKEHMII CIIaiKOBUI NIPOLIEeC y YEPEBHil NOPO>XXHUHI B 42,85 % 11ypiB Ha
60-Ty noby nocaimxeHHs, Toai Kk X1 /TIEO =1/3 - nume B 14,29 % TBapuH. Cepen MaTepiasiB Ha OCHOBI XiTO3aHy
HamBuUANly 6iogerpazaniio npogeMoHCcTpyBaB 3pa3ok X1 /I1EO = 1/3, saxuil nobpe nigpaBascs GparMeHTyBaHHIO,
MaB 3Ha4HYy F€TEPOre€HHICTh Ta BDOCTAaHHS TKaHWH.

2. Despite the development of modern medicine, effective stopping of bleeding is still a significant challenge both
at the prehospital stage and in the conditions of inpatient surgical care, especially in the case of injury to
parenchymal organs. Among the many ways to stop parenchymal bleeding, one of the most priority is the use of
local hemostatic agents. These are affordable, effective and easy-to-use materials that can be used both
independently and in combination with other methods. Local hemostatic agents exist in the form of powders,
sponges, adhesives, aerogels, hydrogels, plates, membranes, etc. and can be of synthetic, biological or inorganic
origin. One of the most promising materials is the cationic polysaccharide chitosan (Ct) due to such properties as
non-toxicity, biocompatibility, controlled biodegradation, lack of immunogenicity, high hemostatic and
antimicrobial activity. It can be used as a dressing material or wound dressing, hemostatic agent or scaffold for
tissue engineering. However, the properties of chitosan and their expression significantly depend on the physical



form, macro- and microstructure of the biomaterial, which is especially important for stopping bleeding from
parenchymal organs when the hemostatic agent remains in the wound. The dissertation is devoted to the
development and creation of three-dimensional chitosan local hemostatic materials for stopping parenchymal
bleeding, the study of their spatial structure, physical characteristics, biocompatibility, toxicity and antibacterial
properties, as well as determining the effectiveness of hemostasis, the characteristics of tissue reaction and liver
regeneration after stopping bleeding (using the example of rat liver). The study used three types of chitosan
materials, which differed in structure and synthesis method (each of which was used in three versions, depending
on the chemical composition). Thus, chitosan sponges obtained by freeze-drying were divided by the type of
solvent into chitosan acetate, ascorbate and oxalate. Chitosan aerogels synthesized according to the principles of
"green chemistry” differed depending on the concentration of aspartic (Asp) and glutamic (Glu) amino acids
included in their composition in ratios of 5:1, 1:1 and 1:5. Chitosan membranes created by electrospinning were
made from pure chitosan, as well as chitosan in combination with polyethylene oxide (PEO) in ratios of 1:1 and 1:3,
respectively. The main feature of the membranes obtained by electrospinning was their three-dimensional
structure with multidirectional nanofibers. For all samples, the following research methods were performed:
scanning electron microscopy, infrared spectroscopy, determination of porosity and density, measurement of the
contact angle of membranes, study of degradation and biodegradation (in vitro), determination of antibacterial
properties and cytotoxicity, study of sorption and hematological indicators after interaction with blood. Chitosan
sponges and aerogels had a trabecular structure with a complex relief and pores of different diameters.
Membranes obtained by electrospinning consisted of a branched porous network of nanofibers of different
diameters. Studies on fibroblast cultures demonstrated the safety of Chitosan acetate, but sponges based on
ascorbate and oxalate exhibited a toxic effect. Aerogels, regardless of the ratio of amino acids, had high
biocompatibility. Nanofibrous materials from pure chitosan exhibited moderate toxicity, while the addition of PEO
to the Chitosan solution increased the porosity and hydrophilicity of the membrane. The ratio Chitosan/PEO =1/3
allowed obtaining homogeneous multidirectional fibers that demonstrated higher cell adhesion to their surface
and stimulation of proliferation. After receiving the results and analyzing them, three best samples were
determined, one from each group - Xt acetate, Xt Asp/Glu = 1/1 and Xt/PEO =1/3. These materials were used to
evaluate hemostatic efficiency and biocompatibility in a rat liver injury model. One of the most common effective
local hemostatic agents in clinical practice - Tachocomb was used as a comparison group. The hemostasis rate
was determined, the adhesion process was assessed, histological, histochemical and immunohistochemical studies
were performed, and statistical data processing was performed. In the case of using chitosan materials, hemostasis
was achieved in all cases. The time for complete cessation of bleeding did not have a statistically significant
difference between the groups (p = 0.083). All studied materials had the ability to biodegrade, which should ensure
their elimination and the development of native tissues at the site of application. Cht acetate caused a pronounced
adhesion process in the abdominal cavity in 42.85% of rats on the 60th day of the study, while Cht/PEO =1/3 -
only in 14.29% of animals. Among chitosan-based materials, the fastest biodegradation was demonstrated by the
Cht/PEO =1/3 sample,
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roJIOBYIOYOroO Ha 3aciJaHHi

BignoBizansHMiA 32 NiATOTOBKY Boiiko

00JIIKOBHX JOKYMEHTIB

PeecTparop

Hy>xuit [rop JImutpoBry

Hy>xuit Irop IMUTPpOBUY

AnToH OsnexkcanapoBrY

VKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




