
SUN{MARY

Nalural celł trletnbral]ęs are layered structures wllclse ttlaill colllpol]ellts are lipids,

proteitts, and sugars. TIle lnost colnt],}ol,t phosplrolipid that br_rilds cell walls is

phospliatidylcholirte. It is lbund in every body cell arld is essetrtial fbr proper firnctioning. 'flre

itlner l-tleli-tbrane is rich in negatively cltarqed phosplratidylsęrine nrolecules, and systetns

Illoclcling biological nrenrbranes llade of sphirrtorllyelin and plrosphatidylserine r.vere used fbr

reseatch pLlry]oses. In nlalltltla]ian cells, ilrcludirrg llulnalls, phosphatidylserine constitutes up to

10% of all plrospholipids and is particularly abunclant iri the central lrervous system cells. lrr

contrast, sphingorrlyelin is a pańicularly inrportant col]lpollellt of red blood cells and sotne cclls irl

tlre trratrrmaliarr eye. Cholesterol, tlie basic sterol of llatnlnalian cell rnembranes, was usecj to

build nodel systęllls, v,hich, together rvith sphingomyelin, is the rnain colnponent o1'lipid ralis.

The choice of lipic'ls fbr the study rvas dictated, allłotlg otliers, by their prevalence iIl cell

lllcmbranes, cclrrtributing to a l-nore laithful representatiotr of natural systems, ln adc]ition,

er1,,tlrrocytes isolated fionl anilnal bloocl were used in the researcil. Tl-re pritlrary l-urlction of red

blood cells is to transpofl oxygen liolll 1hc lungs to the tissues via lrenroglobin. ]'heir cell

nretnbratres are lnade of cholesterol and phospholipids.

This paper attempts to investigate and explain tIre etfect o1'biologically active collrpounds,

sucli as kaemp|erol alld lnyricetitr, on the properlies of biological rnembranes using natural

membraIles and their nlodel systenls. 'Ihe i'lavonoid cotllpounds used are characterized by

antioxidant and anti-inflatntnatory properlies and anti-cancer. 'fherefore, tlłey can be used in the

food, costrletic and phanrraceutical industries. Before using preparations basec] cln kaempf-erol and

nryricetin, it is necessary to know cell melnbranes' physicoclrenrical and electrical properlies and

tlreir interaction witlr these substances.

The reseal,ch lnethodology included cletennirring tlre physicoclrernica1 and electrical

properlies of monolayers, liposotrres, and erl,tlrrocy,tes, Tlre experinients were conducted using tlre

following researclr teclrniques: LangInuir method, Bręwster angle microscopy, and

tnicroelectroplroresis. T'he essence o1 tlre l-angnruir tecłrnique ls tlre lneasurement of tlre

deperrdence of the surface pressure on tlre area occupied by a single lnolecule in a monolayer

(isothenn n-A). llre KSV NIMA BAM apparatus from Biolin Scierrtific combined with a

Brewster angle tnicroscope was used in the measuretrrents. 'Ihe rlicroelectroplroresis rnethod

allows us to detennine the surlace clrarge density on tlre surface of modęl cell męlnbranęs -
liposomes by measuring tlie electrophoretic mobility. The tests were performed using the

Zętasizer Nano ZS apparatus (Malverrr lnstruments, Malvern, UK). It allows us to obtain data on



the size, electrophoretic Illobility, alrd zeta potcntial oitlre studięd rratural systetns anc1 their rllodel

coutlterpańs irsirrg tlte Doppler liise r Itlicroelectrophoresis (I-DE) teclrnique. Initially, tlre

clependencc of the surlace pressure on the area occupied by a single rr-rolectlle in a t-tlonolayer

ccltnposcc1 of pure substatlces anc1 tnixtures ol lipids witlr kaelnpfbrol ancl nlyricetin itr various

tlolar ratios was inr,,estigated usirrg the Langlluir rrretlrod. Irr biriary lrronolaycrs, botlr substałrces

tetlcl to fontl conrplexes itr a tlolar ratio ol l:l. This is dictated by the system desire to achieve

eqLrilibriurn and, thus, obtain tlie lriglrest value of tlie durability constant. 1'lre stabiiity cotlstants,

specillc surfaces, and encrgies of conlplex systelns lonnation \vere detenrlined on this basis. In

additiorr. t-tlotrolayers nracle of conpounds forrning natura1 blological tnetllbratles of ery,lhrocy,tes

u,efe created. In the rtletrlbrancs of nonnal red blocid cells, tlre ratio of clrolesterol to

phospholipids is apploxirlately 0:9, l'he starldard ntodel of tlre outer leaflet of the ery4hrocyte

t-nenbrane, composec1 of pllosplratidylcholine and cholesterol and sphingorrryelin and cliolesterol

itr a molar ratio of 10:9 lvas used in tlre study. TIle systenrs were rnodified witlr the tested

flavonoids. This is a litrk betrr,een afiificial and biological systetns, increasing the likelihood of tlre

body's positive respol]se rvhen usit-lg tlte active subsiance. 'I'lre Larrgrrruir tnetlrod with Brewster

angle tnicroscopy (BAM) lvas used to visualize tlre plrase changes occurring during monolayer

compression. Durirrg the real*time observatiorr of tlre clianges at the rł,ater/air interlace. ilnages

were recorded fbr single*cornponent and mixed monolayers. BAM images conflrrned tlre

occurring plrase transitions during nottolayer compressiorr. Using the nlicroelectroplroresis

nrethod, tlte results of the effęct o1' kaerrrpf-erol and Itlyricetin on tlre surl'ace charge derlsity of

erl,tlrrocfle membratres and membranes formed of pirosplratidylcholine, sphingomyelitr, and

cllolesterol irr the appropriate nrolar ratios ctlittirrg tlre conpositiorl of tlre lrrembrane of natural

red blood cells, depending on the pI{ of the environmetlt, were presented. Surface charge plays an

irnporlant role in understanding the nrechanislrrs of membralre-ęnvironment interaction alrd is

highly dependent on pII and membrane composition.

Based on the conducted research, conclusiolls summarizing the doctoral dissertatioll were

fonnulated. It was found that kaernplbrol and myricetin afTect natural biological tnembranes'

physicoclremical and electrical properties and their models. Tlte presented description of the

interaction of the tested biologically active substances with natural nrenrbranes and rrrodel systen]s

may contribute to tlreir use in tlre filture as therapeutically active substances.
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