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Abstract

The combined unique properties offered by organic and inorganic constituents within a single material
on a nanoscale level make nanocomposites attractive for the next generation of biocompatible materials.
The composite materials of the detonation nanodiamond/polymer type possess spatial organization of
components with new structural features and physical properties, as well as complex functions due to
the strong synergistic effects between the nanoparticles and the polymer. The plasma polymerization
(PP) method was chosen to obtain composites of silicon-based polymers, in which detonation generated
nanodiamond (DND) particles were incorporated. The composite layers are homogeneous, chemically
resistant, thermally and mechanically stable, thus allowing a large amount of biological components to
be loaded onto their surface and to be used in tissue engineering, regenerative medicine, implants, stents,
biosensors and other medical and biological devices. Mesenchymal stem cells (MSCs) are the main
focus of research in regenerative medicine due to their extraordinary potential to differentiate into
different kinds of cells including osteoblasts, which are needed for various bone disease treatments.
However, for optimal usage of MSCs knowledge about the factors that influence their initial distribution
in the human system, tissue-specific activation and afterwards differentiation into osteoblasts is
required. In recent studies it was found that one of these factors is the elasticity of the substrates. The
choice of the proper material which specifically guides the differentiation of stem cells even in the
absence of growth factors is very important when building modern strategy for bone regeneration. One
of the reasons for there not being many studies in this area worldwide is the lack of suitable biomaterials
which support these kinds of experiments. The goal of this study is to create substrates suitable for cell
culture with a range of mechanical properties (namely elasticity and hardness) using composite layers
(PPHMDS-DND) of plasma polymerized (PP) hexamethyldisiloxane (HMDS) and detonation generated
nanodiamond (DND). The samples' elastic modulae and hardness were measured by CSM Ultra
Nanoindentation Tester.

Pesrome

KomOuHupaneTo Ha yHUKaJIHUTE CBOMCTBA HA OPraHMYHU M HEOPIraHUYHU ChCTaBKH B PAMKHTE Ha €1UH
MaTeprail Ha HAHOpa3MEPHO HUBO, IPABAT HAHOKOMITO3UTHUTE IPUBIIEKATEIIHH 3a CIIEBAIIO TOKOJICHUE
OnockBMecTUMH Matepuaiid. KoMno3uTHuTe Martepuany oT AETOHAMOHHHUS HAHOAMAMOH/TIONMMED
UMaT MPOCTPAHCTBEHA OPraHU3alHsl HA KOMIIOHEHTH C HOBU CTPYKTYPHH XapaKTEPUCTHKH U (PU3NUHU
CBOﬁCTBa, KaKTO U CJIOKHU q)YHKHI/II/I nopag CUJIHUTEC CUHCPTUIHU e(i)eKTI/I MCXKAY HAHOYACTUIIUTEC U
nonmMepa. MeToapT Ha miazMeHara nonmuMepusays (PP) e n3bpan 3a momydaBane Ha KOMIO3UTH OT
MoJIMMEPH Ha 0a3aTa Ha CHIIMIIMH, B KOMTO Ca BKJIFOYEHHU JCTOHAIIMOHHH HAHOAMAMAHTCHHM YaCTHIIN
(DND). Kommo3utHuTe cloeBe ca XOMOT€HHH, XUMHYECKH YCTOMYMBH, TEPMHUYHO M MEXAHHUYHO



CTaOMIIHHM, KAaTO MO TO3M HAYMH IO3BOJSIBAT T'OJSIMO KOJMYECTBO OMOJIOTMYHM KOMIIOHEHTH Ja Ce
3apeKAaT Ha TSAXHATa MOBBPXHOCT M Ja C€ M3IMOJI3BAT B ThKaHHOTO MHXKEHEPCTBO, pereHepaTUBHATA
MeIUIHA, UIMIUTAHTHTE, CTCHTOBETE, OMOCEH30pUTE U JPYTH MEAULIUHCKHA U OMOJIOTUYHU YCTPOHCTBA.
MesenxumHuTe CTBOJIOBH KIeTKH (MSCs) ca OCHOBHUAT (POKYC Ha U3CIIEBAHUATA B pereHEpaTUBHATA
MEIUIMHA TTOPaIN U3KITIOYUTEITHUS UM ITOTEHIIHAN Ja ce OU(epeHIpaT B pa3InIHA BUIOBE KIETKH,
BKJTFOUMTEITHO 0CTe00IacTH, KOUTO ca HEOOXOIMMH 32 Pa3IiYHN Teparui Ha KOCTHUTE yBPEXKTaHUS.
3a onTumanHoTO M3noa3BaHe HA MSC, obade, e HyXHO pa3Oupane Ha (aKTOPUTE, KOUTO BIHAT Ha
IFPBOHAYAITHOTO UM pasIpele]IeHre B YOBEIIKHUS OPTaHU3bM, ThKaHWHO-CIEIIM(PHIHO aKTUBUPAHE U
nocieBaila ocreoonacTa nudepeHnranys. B mocnegnure mpoy4sanus Oelle yCTaHOBEHO, Ye €AUH
oT Te3u (aKTOPH € eJTaCTUYHOCTTa Ha cyOcTparuTe. M300pbT Ha MpaBUIHMS MaTeprall, KOWTO HaCOUBa
nudepeHIranysaTa Ha CTBOJIOBUTE KIETKU IOPH IPH JIMIICA HA PACTEXHU (PaKTOpH, € MHOTO BayKeH IpH
W3rpaXKJaHETO Ha ChbBPEMEHHA CTpAaTerus 3a pereHepanus Ha Koctutre. Eqna o mpuuuHMTe 12 HAMA
MHOTO TIPOYYBAHHSI B Ta3u 00JACT IO IENMs CBAT € JIUIcaTa Ha MOAXO AN OMoMaTeprai, KOUTO J1a
oOciyXBaT Te3W BHIOBE ekcnepuMeHTH. llenTta Ha ToBa mpoydBaHe € Ja ce Ch3maaar cyOcTparw,
MTOAXOAIIN 32 KIEThYHO KyJNTHBUpPAHE C PEAHIIAa MEXaHWYHU CBOWMCTBA (a2 MMEHHO EIACTHYHOCT U
TBBPJIOCT), U3MOM3Baiiku koMo3uTHH cioeBe (PPHMDS-DND) Ha mnasmenust nonumepusupat (PP)
xekcamerunaucuiokcad (HMDS) u neronanmonnn Hanoguamantenu (DND). EnactuunuTe Mogynu u
TBBPJOCT HA MPOOHTE ce U3MepBAT Upe3 TecTep 3a HaHoMHAuKanust Ha CSM.

2. Keremidarska M., Radeva E., Elersi¢ K., Igli A., Pramatarova L., Krasteva N. 2014. Plasma
deposited composite coatings to control biological response of osteoblast-like MG-63 cells.
Journal of Physics: Conference Series 2014, SJR=0.264

Abstract

The successful osseointegration of a bone implant is greatly dependent on its ability to support cellular
adhesion and functions. Deposition of thin composite coatings onto the implant surface is a promising
approach to improve interactions with cells without compromising implant bulk properties. In this
work, we have developed composite coatings, based on hexamethyldisiloxane (HMDS) and detonation
nanodiamond (DND) particles and have studied adhesion, growth and function of osteoblast-like MG-
63 cells. PPHMDS/DND composites are of interest for orthopedics because they combine superior
mechanical properties and good biocompatibility of DND with high adherence of HMDS to different
substrata including glass, metals and plastics. We have used two approaches of the implementation of
DND particles into a polymer matrix: pre-mixture of both components followed by plasma
polymerization and layer-by-layer deposition of HMDS and DND particles and found that the
deposition approach affects significantly the surface properties of the resulting layers and cell
behaviour. The composite, prepared by subsequent deposition of monomer and DND particles was
hydrophilic, with a rougher surface and MG-63 cells demonstrated better spreading, growth and
function compared to the other composite which was hydrophobic with a smooth surface similarly to
unmodified polymer. Thus, by varying the deposition approach, different PPHMDS/DND composite
coatings, enhancing or inhibiting osteoblast adhesion and functions, can be obtained. In addition, the
effect of fibronectin pre-adsorption was studied and was found to increase greatly MG-63 cell
spreading.

Pe3rome

VYenemHara OCTEOMHTErpanys Ha KOCTEH NMITIAHT 3aBHCH JI0 TOJISIMA CTETIEH OT CIOCOOHOCTTa My J1a
NoJABpPIKa KIEThYHATa aaxe3ust  GyHKuun. OTiaaraHeTo Ha ThHKH KOMIIO3UTHU TIOKPUTHUS BBPXY
MOBBPXHOCTTA Ha UMILIAHTA € o0elaBall IMOAX0 3a NoA00psABaHe Ha B3aUMOJICHCTBUSATA C KIIETKUTE,
0e3 a ce KOMIpoMeTHpaT OOEMHUTE CBOMCTBA HA UMIUIaHTa. B Ta3u paboTa Hue pa3paboTuxme
KOMIIO3UTHH OKPUTHUS Ha 0a3zaTta Ha xekcametwiaucwiokcad (HMDS) u netonaumonsu
HaHopuamaHTteny (DND) sactunm u npoydnxme anxe3usiTa, pacrexa u GyHKIHITA Ha TOAO0HH Ha
ocreobnact MG-63 knerku. Komnozurure PPHMDS/DND mnipencrasisiBaT HHTEpEC 3a OPTOIEAUATA,



3al0TO ChYETaBaT MIPEBB3XOAHNUTE MEXaHUYHH CBOWCTBA U 10o0parta OuocsBMecTrMocT Ha DND ¢
BUCOKa aaxe3uBHOCT HAa HMDS kbM pa3nuunu cyOcTpaTH, BKIIOUYUTETHO CTHKIIO, METAIH U
macTMacu. M3nomnsBaxMe ABa Moaxoja 3a BHeApsiBaHe Ha yactuid DND B nonmmepHaTa MaTpuua:
MIpeIBApUTEITHO CMECBAHE HA JIBaTa KOMIIOHEHTA, MIOCIEABAHO OT IIa3MEHa MOJIMMEpPU3aLns U
oTiarase cioi mo ciot Ha yactund HMDS u DND u ycraHoBHXMe, U€ OJXOABT Ha OTJIaraHe BIIHSIE
3HAYUTEITHO HA TIOBHPXHOCTHUTE CBOICTBA HA TOJIYYECHUTE CIIOEBE U TIOBEEHUETO HA KIETKHUTE.
KoMITo3uThT, IpUTrOTBEH Upe3 MOCIISABAII0 OTIarane Ha MoHoMep u yacturn DND, Geme
xuapodmiIeH, ¢ Mo-rpanaBa IOBbPXHOCT U KieTknute MG-63 neMoHcTprpaxa mo-100po
pasnpocTpaHeHHe, pacTeX U PyHKIHI B CpaBHEHUE C APYTHS KOMIIO3UT, KOWTO Oemre XuapodobeH, ¢
rJIajIka MOBBPXHOCT, TOA00HO Ha HeMoauduuupanus noauMep. [1o To3n Ha4YMH, ype3 NpoMsIHA Ha
MOJIX0/1a Ha OTJarane, Morat Ja ce noxy4ar pa3nuaad PPHMDS/DND koMno3uTHH OKPUTHS,
Mo00PSBAaIIM WY HHXUOHUpAIH aaxe3usiTa U pyHKIuuTe Ha ocTeobiacture. B nombinenue,

e eKThT OT MpeaBapuTenHara aacopOius Ha (UOPOHEKTHH € M3CIEBAH U € YCTAaHOBEHO, 4e
yBeIMYaBa 3HAYMUTEINHO Pa3POCTPaHEHUETO Ha KieTkute MG-63.

3. Keremidarska M., Hikov T., Radeva E., Pramatarova L., Krasteva N. 2014. Effect of
nanodiamond modification of siloxane surfaces on stem cell behaviour. Journal of Physics:
Conference Series 2014, SJR=0.264

Abstract

Mesenchymal stem cells (MSCs) hold a great promise for use in many cell therapies and tissue
engineering due to their remarkable potential to replicate indefinitely and differentiate into various cell
types. Many efforts have been put to study the factors controlling stem cell differentiation. However,
still little knowledge has been gained to what extent biomaterials properties influence stem cell
adhesion, growth and differentiation. Research utilizing bone marrow-derived MSCs has concentrated
on development of specific materials which can enhance specific differentiation of stem cells e.g.
osteogenic and chondrogenic.

In the present work we have modified an organosilane, hexamethyldisiloxane (HMDS) with
detonation nanodiamond (DND) particles aiming to improve adhesion, growth and osteodifferentiation
of rat mesenchymal stem cells. HMDS/DND films were deposited on cover glass using two
approaches: premixing of both compounds, followed by plasma polymerization (PP) and PP of HMDS
followed by plasma deposition of DND particles. We did not observe however an increase in rMSCs
adhesion and growth on DND-modified PPHMDS surfaces compared to unmodified PPHMDS. When
we studied alkaline phosphatase (ALP) activity, which is a major sign for early osteodifferentiation,
we found the highest ALP activity on the PPHMDS/DND material, prepared by consequent deposition
while on the other composite material ALP activity was the lowest. These results suggested that DND-
modified materials were able to control osteodifferention in MSCs depending on the deposition
approach. Modification of HMDS with DND particles by consequent plasma deposition seems to be a
promising approach to produce biomaterials capable to guide stem cell differentiation toward
osteoblasts and thus to be used in bone tissue engineering.

Pe3lome

Mesenxumuunte cTB0oJI0BH KieTkd (MCK) ca MHOrooGemaBay 3a U3rnoji3BaHe B MHOTO KJIEThYHH
TEparuy U ThKaHHOTO MHXEHEPCTBO MOPaIu 3a0eNIe)KUTETHHS UM MTOTEHIMAJ 4 CE PETUTUKUPAT
HEOTPaHWYEHO U Jia ce qudepeHupaT B pa3iinuyHy KIEThYHU TUIOBE. MHOTO YCHITUS ca TTOJIOKEHH 32
n3yyaBaHe Ha (PakTOpUTe, KOHTPOJIHMPAIIY TUPEepPEHIINAINATA HAa CTBOJIOBHTE KJIETKH. BhIpexu ToBa,
BCE OII[e HiMa JOCTaThYHO WH(POPMAIH 10 KaKBa CTENIEH CBOWCTBaTa Ha OMOMaTepHAIINTE BIUSAT
BBPXY aJXxe3usTa, pacTexa U nudepeHnranusaTa Ha CTBOJIOBHTE KIETKH. V3caenBanusaTa, N3MOI3BAIIN
MCK, nosryuyeHH 0T KOCTEH MO3BK, Ca C€ KOHLEHTPUPAIH BbPXY pa3padoTBaHETO Ha creun(puiHu



MaTepuair, KOUTO Morart Jia HO,I[06p$IT CHCLII/I(l)I/I‘lHaTa ,I[I/I(i)epeHLII/IaLII/IH Ha CTBOJIOBH KJICTKH,
HanmpuMep B OCTCOr€HHU U XOHAPOTCHHU ThKaHU.

B nHacrosmiaTa pabota MoauduITnpaxMe opraHocHiIaH, XekcameTmwinucniokcad (HMDS) ¢ gactumm
ot faetoHarroHHu HaHonuamantu (DND), ¢ nen mogoOpsiBaHe Ha aaxe3usTa, pacTexa u
octeonuepeHIIMAIUATA Ha ME3EHXUMHUTE CTBOJIOBU KiIeTKH OT rbx. HMDS/DND ¢uimu Osixa
OTJIOKCHH BBPXY MOKPUBHO CTHKIIO, M3MOJI3BANKY JBA MOJIX0/1a: IPEABAPUTEIHO CMECBAHE Ha JBETE
ChEIIMHEHYSI, TTOCIIEIBAHO OT Iia3MeHa nonuMepusaiys (PP) u PP na HMDS, nocienBano ot
ma3Meno otnarade Ha DND gactumu. He HaOmromaBaxme obade mogoOpsBaHe Ha aaxe3usTa u
pactexxa Ha MCK Bbpxy DND-momudummpann PPHMDS nmoBbspxHOCTH B cpaBHEHHE C
aemoaudumpan PPHMDS. Korato nscneaBaxme akTHBHOCTTA Ha aikaiaHaTa gocdaraza (ALP),
KOSITO € OCHOBEH IIPHU3HAK 3a paHHA OCTeoau(epeHITHAINS, OTKPUXME Hail-BHcoka ALP akTuBHOCT
Bppxy PPHMDS/DND wmarepuana, IpUroTBeH upes3 MocieBallo oTiarane, JoKaTto BbpXy Apyrus
KOMITI03UTeH MaTepuan ALP akTuBHOCTTA Oeie Haii-HUCKa. Te3u pe3yiratu nokasear, ye DND-
MOoaU(HUIIMPAHUTE MAaTEPUAH ca CIOCOOHU J1a KOHTposupar ocreonudepennuaysara B MCK B
3aBHCHMOCT OT I0/IX0/1a Ha oTiarane. Moaudunupanero Ha HMDS ¢ DND uacTunum upe3
MTOCIIEBAIIO IIa3MEHO OTJIaraHe M3rjek/a e oOemasaiy moaxo 1 3a MPOU3BOICTBO Ha OHOMaTepHaIIH,
CHOCOOHU /1a Haco4BaT MU(EPEHINAINITA HA CTBOJIOBUTE KIETKH KbM OCTEO0IACTH U 1O TO3W HAYUH
na ObaT U3MON3BAHN B KOCTHO-THKaHHOTO HHXEHEPCTRBO.

4. Gugutkov D., Awaja F., Belemezova K., Keremidarska M., Krasteva N., Kyurkchiev S.,
Gallego-Ferrer G., Seker S., El¢in A.E., El¢in Y.M. 2017. Osteogenic differentiation of
mesenchymal stem cells using hybrid nanofibers with different configurations and
dimensionality, Journal of Biomedical Materials Research - Part A, 105,7, 2065-2074, Q1,
SJR 0.933, IF 3.231

Abstract

Novel, hybrid fibrinogen/polylactic acid (FBG/PLA) nanofibers with different configuration (random
vs aligned) and dimensionality (2-D vs 3-D environment) were used to control the overall behavior
and the osteogenic differentiation of human adipose-derived mesenchymal stem cells (ADMSCs).
Aligned nanofibers in both the 2-D and 3-D configurations are proved to be favored for
osteodifferentiation. Morphologically, we found that on randomly configured nanofibers, the cells
developed a stellate-like morphology with multiple projections; however, time-lapse analysis showed
significantly diminished cell movements. Conversely, an elongated cell shape with advanced cell
spreading and extended actin cytoskeleton accompanied with significantly increased cell mobility
were observed when cells attached on aligned nanofibers. Moreover, a clear tendency for higher
alkaline phosphatase activity was also found on aligned fibers when ADMSCs were switched to
osteogenic induction medium. The strongest accumulation of Alizarin red (AR) and von Kossa stain at
21 days of culture in osteogenic medium were found on 3-D aligned constructs while the rest showed
lower and rather undistinguishable activity. Quantitative reverse transcription-polymerase chain
reaction analysis for Osteopontin (OSP) and RUNX 2 generally confirmed this trend showing
favorable expression of osteogenic genes activity in 3-D environment particularly in aligned
configuration.

Pe3lome

HoBu, xubpunau HaHOBIakHA OT puOpuHOTreH/nonmieyna kucenuna (FBG/PLA) ¢ paznuuna
koH(purypamus (ciaydaiina cpenty nmoapesaeHa) u pazmepaoct (2D cpenty 3D cpena) 6sxa U3MOI3BaHA
3a KOHTPOJI Ha ISUTOCTHOTO TIOBEJICHHE U OCTEOTeHHATa Au(pepeHranys Ha YOBEIIKA ME3EHXUMHHN
CTBOJIOBH KJIETKH, morydeHu ot mactHa Tbkad (ADMSC). [lonpenennTe HaHOBIAaKHA KakTo B 2D,
taka 1 B 3D xoH(urypamum ca 1oKka3aHo MPEANOYUTaHu 3a ocTeoaudepeHuranys. MophoaoruaHo
yCTaHOBUXME, Y€ BbPXY INPOU3BOJIIHO KOH(PHUTYpHPaH! HAHOBIIAKHA KJIETKUTE pa3BUBAT 3Be31000pa3Ha



Mop(doIorHs ¢ MHOXKECTBO TIPOTPY3UH; BBIIPEKU TOBA, time-lapse aHaIM3bT OKa3a 3HAYUTEITHO
HaMaJICHU JIBIDKEHUS Ha KIeTkuTe. O0paTHO, M3AbKEeHA KIeThYHA (hopMa C MOJA00PEHO KIECThYHO
pa3CTUWIIaHE U YABIDKCH aKTUHOB ITUTOCKEIICT, IPUPYKEHU OT 3HAYUTETHO MOBUIIICHA KJIECThYHA
MOOUITHOCT, ce HaOIro1aBaxa, B KJIIETKUTE, IPUKPEIICHU KbM MOJIPEICHU HaHOBIakHa. OCBEH TOBA,
sICHa TEHICHITUS 32 IT0-BICOKA aKTUBHOCT M Ha ankaiHaTa (ocdarasza Oemre oTKpruTa BbpXY
noapeneHu Biakaa, korato ADMSC 6sixa KynITUBHUpaHH B OCTEOMHAYKIIMOHHA cpena. Haii-cuimHo
HaTpynBaHe Ha anu3apuH dyepBeHo (AR) u onpetsBane mo ¢goun Koca cien 21 mHu KyaTHBHpaHE B
OCTEOTeHHa cpefia Oellie OTKPUTO BbpXy 3-D mojape/ieHn KOHCTPYKITHH, IOKATO OCTaHAITUTE TTOKa3axa
MO-HUCKA U TI0-CKOPO HEPA3INYMMa aKTUBHOCT. KOJIMYEeCTBEHUAT aHaIU3 C 00paTHA TPAHCKPUIIITHSI-
moJIMMepa3Ha BeprkHa peakius 3a ocreonoHTHH (OSP) 1 RUNX 2 kaTo 1sij10 moTBBPIU Ta3u
TEHJICHIINS, TIOKa3BalKU OJaronpusTHA KCIPECHs Ha aKTUBHOCTTA Ha OCTEOTEHHHUTE TeHU B 3-D
cpena, oco0eHo B moapeaeHa KOHpUrypanus.

5. Keremidarska-Markova M., Hristova-Panusheva K., Vladkova T., Krasteva N., 2017.
Adipose-derived mesenchymal stem cell behaviour on PDMS substrates with different
hardness, Comptes Rendus de L'Academie Bulgare des Sciences,7,5, 663-67, Q2, SJIR 0.21, IF
0.27

Abstract

Optimising the properties of materials for tissue engineering applications needs a comprehensive
understanding of the behaviour and responses of cells cultured on these materials. Recently, substrate
mechanical properties, in addition to biochemical signals, have been shown to be a sensitive regulator
of stem cell behaviour. The aim of this work was to investigate the effects of bulk hardness of
polydimethylsiloxane (PDMS) materials on human adipose-derived mesenchymal stem cells (hAD-
MSCs) behaviour and to find correlation with material surface properties. For this, PDMS substrates
with different Shore hardness (40, 55 and 70) were prepared and characterized in respect to their
surface properties and efficiency of fibronectin matrix secretion, cell proliferation and osteogenic
differentiation. Surface properties of PDMS substrates were found to alter non-linearly with increasing
the bulk hardness. FN synthesis and osteogenic differentiation were increased on PDMS substrates
with intermediate bulk hardness (55) while cell proliferation decreased with increasing of PDMS
hardness. These findings suggest that the effect of substrate hardness on stem cell behaviour is
complicated and it is tightly connected to the material’s surface properties that also should be taken in
account into development of biomaterials for bone tissue engineering.

Pesrome

OnTuMH3MpPAHETO Ha CBOMCTBATAa HA MAaTEPHATIUTE 3a MPHUIIOKEHUS B ThKAaHHOTO MHXEHEPCTBO
W3MCKBA ISTIOCTHO pa30HupaHe Ha TOBEACHUETO U PEAKIIMHUTE Ha KIETKUTE, KyITHBUPAHU BHPXY TE3H
Matepuanu. Hackopo Oemie nokasano, 4e MEXaHMYHHUTE CBOIMCTBA Ha CyOCTpaTa, B IOIbIHEHUE KbM
OMOXMMHYHHUTE CUT'HAJIM, Ca YyBCTBUTEJNICH PETYJIaTOp Ha OBEACHUETO HA CTBOJIOBUTE KileTKH. LlenTa
Ha Ta3u paboTa Oelle Aa ce uicnensar eekTure OT o0eMHaTa TBEPIOCT Ha
nonuaumeruwicuiokcanosure (PDMS) marepuanu BbpXy 1OBEJCHHETO Ha YOBEIIKUTE ME3EHXUMHHU
CTBOJIOBM KJIETKH, MMoy4eHu ot MacTHa TbkaH (hAD-MSCs), u 1a ce Hamepu Kopeaius ¢
MOBBPXHOCTHUTE CBOMCTBA Ha MaTepuaia. 3a Ta3u 1iei 0sixa npurorsenu PDMS cyOctparu ¢
pasnmuuHa TBBpaoct 1o [lop (40, 55 u 70) 1 XxapakTepu3upaHu 10 OTHOIICHNE HA TEXHUTE
MOBHPXHOCTHH CBOMCTBA U e(DeKTUBHOCT Ha CEKpenusaTa Ha (UOPOHEKTUHOBA MaTpUIIa, KJIeThuHATa
nposmdepanys 1 OCTeoreHHara JudepeHuranys. Y CTaHOBEHO €, Y€ TIOBbPXHOCTHUTE CBOMCTBA Ha
PDMS cyOcTpaTute ce mpoMeHsT HEMMHEHHO ¢ yBelnuaBaHe Ha o0eMHarta TBbpAocT. CHHTE3bT Ha
FN u ocreorennara aqudepenumanus ce ysenuyasat Bbpxy PDMS cyOctpaTu cbe cpeana obeMHa
TBBPAOCT (55), moKaTo KieThYHaTa posndeparys HamalsBa ¢ yBelIndaBaHe Ha TBbPIOCTTa Ha
PDMS. Te3u oTkpuTHs IOKa3BaT, 4¢ eeKThT OT TBBPAOCTTA HA CyOCTpaTa BbPXY MOBEACHUETO HA
CTBOJIOBHTE KJIETKH € CIIOKEH U € TSCHO CBHP3aH C MOBbPXHOCTHHUTE CBONCTBA HAa MaTepraa, KOUTO



CBhIIO TpSI6Ba Ja CC B3cMaT NpeaABUI IpH pa3pa60TBaHeT0 Ha 6I/IOMaTepI/IaJ'H/I 3a KOCTHO-TBKaHHO
HWHKCHEPCTBO.

6. Keremidarska-Markova M., Radeva, E., Mitev, D., Hristova-Panusheva, K., Paull, B.,
Nesterenko, P., Sepitka, J., Junkar, 1., Igli¢, A., Krasteva, N. 2018. Increased elastic modulus
of plasma polymer coatings reinforced with detonation nanodiamond particles improves
osteogenic differentiation of mesenchymal stem cells, Turkish Journal of Biology, 42, 2, 195-
203, Q3, SJR 0.268

Abstract

In the present study we demonstrated that composite PPHMDS/DND coatings with elastic moduli
close to those of mature bone tissue (0.2-2.8 GPa) stimulated growth and osteogenic differentiation of
human adipose-derived mesenchymal stem cells (hADMSCs). Composite coatings were prepared by a
method of plasma polymerization (PP) where detonation nanodiamond (DND) particles in different
amounts (0.1, 0.5, and 1 mg/mL) were added to hexamethyldisiloxane (HMDS) before plasma
deposition. This method allows variation only in the reduced elastic modulus (Er") with increase in the
particle concentration, while the other surface properties, including surface wettability and
topography, did not change. The response of hAD-MSCs to the increasing stifness showed an effect
on adhesion and osteogenic differentiation but not on cell proliferation. Matrix mineralization and cell
spreading were maximized on PPHMDS/DND coatings with the highest elastic modulus (2.826 GPa),
while the differences in proliferation rates among the samples were negligible. In general,
PPHMDS/DND coatings provide better conditions for growth and osteogenic differentiation of hAD-
MSCs in comparison to glass coverslips, confirming their suitability for osteo-integration applications.
Additionally, our findings support the hypothesis that biomaterials with elasticity similar to that of the
native tissue can improve the differentiation potential of mesenchymal stem cells.

Pesrome

B Hacrosmoro npoyuBane ieMoHCcTprpaxme, ye komnozutaure PPHMDS/DND nokputus ¢ Momynu
Ha eJIACTUYHOCT, OJIU3KH JI0 Te3U Ha 3psuiata KocTHa ThkaH (0.2-2.8 GPa), ctuMynupar pacTexa u
ocTeoreHHara Au(epeHIHalysl Ha YOBELIKHA ME3EHXUMHH CTBOJIOBH KJIETKH, IIOJIy4Y€HH OT MacTHa
TbkaH (hADMSCs). KomnozutHuTe moKpuTHs 051Xa MPUTOTBEHH Ype3 METO/I HA IIa3MeHa
nommmmepusanus (PP), mpu koiiTo wactuim ot netoHanmonHu HanoauaManTi (DND) B paznumuau
koxmuectBa (0.1, 0.5 u 1 mg/mL) 6s1xa mo6aBenu kpM xekcameruiaucriokcad (HMDS) npenn
IJIa3MEHOTO OTiarane. To3u MeTo/1 M03BOJIsIBAa BapHallks caMO B HAMaJIEHHUsI MOYJI Ha eTaCTHYHOCT
(Er’) c yBenm4aBaHe Ha KOHIEHTPAIMATA HA YaCTUIIUTE, TOKATO JPYTUTE MOBbPXHOCTHU CBOMCTBA,
BKITIOYHUTEIIHO OMOKPSIEMOCTTa Ha MOBBPXHOCTTA U TolorpadusTa, He ce MpoMeHnxa. Peakiusara Ha
hAD-MSCs Ha HapacTBalara TBbPJOCT MOKa3a e)EeKT B aIXe3usATa U OCTEOTeHHATa JU(epEHIHALIHS,
HO HE U B KJIeTbYHaTa nponrdepanus. MuHepanuzauusaTa Ha MaTpUKCa U Pa3CTHIIAHETO Ha KIIETKUTE
0sixa yBenuuen Bbpxy PPHMDS/DND nokpurusita ¢ Hai-BHCOK MOAYJI Ha enacTHYHOCT (2.826
GPa), nokaro pa3iuKuTe B CKOPOCTTa Ha Iposndepanys Mexxay npooure Osxa HesHauuTenHu. Karo
suto, PPHMDS/DND nokpuTHsaTa OCUrypsiBat no-100pH yCIOBHS 3a PacTeX U OCTEOTCHHA
midepennmanus Ha hAD-MSCs B cpaBHEHHE ChC CTHKICHUTE TOKPUBHHU CTHKIIA, KOETO TIOTBBPIKIaBa
TAXHATa MIPUTOTHOCT 32 OCTEOMHTETPAIIHOHHY MpHIIokeHUs. OCBEH TOBa, HAILIUTE OTKPUTHUS
MOJIKPEIAT XUII0Te3aTa, ye OMoMaTepHaInTe ¢ eNacTHYHOCT, TOJ00HA Ha Ta3u HAa €CTECTBEHATa ThKaH,
MOTarT Jia oJJO0PSAT MOTEHIHaNa 3a JuepeHIHaIis] HA ME3EHXUMHHITE CTBOJIOBH KJIETKH.

7. Keremidarska-Markova M., Hristova-Panusheva K., Andreeva T., Speranza G., Wang D.,
Krasteva N. 2018. Cytotoxicity Evaluation of Ammonia-Modified Graphene Oxide Particles
in Lung Cancer Cells and Embryonic Stem Cells, Advances in Condensed Matter Physics,
2018, doi:10.1155/2018/9571828, Q3, SIR 0.289

Abstract



Potential toxicity of graphene oxide (GO) is a subject of increasing research interest in the recent
years. Here, we have evaluated the cytotoxicity of ammonia-modified GO (GO-NH,) and pristine GO
particles in human lung cancer cells, A549 and embryonic stem cells, Lep3 exposed to different
particles concentrations (0.1, 1, 10, 20, and 50 w/ml) for different times (24 and 48h). Compared with
GO, GO-NH: particles possessed smaller size, positive surface charge and higher thickness. An
increased propensity to aggregation in cell cultures was also found for GO-NHo particles. Cytotoxicity
evaluation revealed that GO-NH, particles are more toxic than pristine GO. Applied at concentrations
of 10, 20 and 50 p g/ml for 24h they affect significantly cell morphology of viable embryonic stem
cells whereas human lung cancer A549 cells seem to be relatively more resistant to short-time
exposure. After 48h exposure however cell proliferation of A549 cells was strongly suppressed in a
dose-dependent manner while the proliferation ability of embryonic stem cells was not affected. These
results suggested that both GO particles exert different degree of cytotoxicity which is time, dose and
cell dependent. In general, ammoniamodified GO particles aremore toxic than the pristine GO which
should be taken into account for future biomedical applications.

Pe3lome

[NoteHuunannara TOKCHYHOCT Ha rpadeHoBus okcua (GO) e 00eKT Ha HapacTBAaIll U3CJICI0BATEIICKU
WHTEpeC Npe3 NOCIEAHNTE TOAUHU. TyK HUE OLIEHUXME HUTOTOKCHYHOCTTA HAa MOIU(UIIMPAHU C
amoHsK GO (GO-NH;) u unctu GO yacTHin cripsiMO YOBEHIKH 0eN0JpoOHH PakoBU KiIeTKH A549 u
eMOpHOHAHY CTBOJIOBH KJIETKH, Lep3, N310KeHn Ha pa3nudHu KoHIeHTpanuy Ha yactunu (0.1, 1,

10, 20 u 50 wml) 3a paznuano Bpeme (24 u 48 gaca). B cpaBaenune ¢ GO, GO-NH, wactunnre
MIPUTEKABAT [TO-MAIBK pa3Mep, MOJOKHUTENIEH MOBBPXHOCTEH 3apsill ¥ ITO-TOJIIMA ITBTHOCT.
[loBuIIeHa CKIIOHHOCT KBbM arperamnus B KIEThYHH KyITypu Oemre yctanoBeHa u 32 GO-NH»
yactuuure. OLieHKkaTa Ha IMTOTOKCUYHOCTTA noka3a, ue GO-NH, yacTunure ca mo-roKCUYHH OT
yrctust GO. [Ipunoxenun B koHnenTpanyu ot 10, 20 u 50 p g/ml 3a 24 yaca, Te BIUSAAT 3HAYUTEIHO HA
KJIEThYHATa MOP(OIOTHS Ha )KU3HECTIOCOOHH eMOPHOHAIHN CTBOJIOBH KJIETKH, IOKATO YOBEIIKUTE
paKoBHU KJIETKU Ha O6enus Apod AS549 uarnexaar OTHOCUTEIHO MMO-yCTOWYMBY Ha KpaTKOTpaiiHa
excrio3unus. Cnex 48-qacoBo mznarane odade nponrdepanuara Ha A549 kinerkure Oeme CUITHO
MOTUCHATA T10 J0303aBUCUM HAa4MH, I0KaTo NMpoindepaTUBHATA CIOCOOHOCT HA eMOPHUOHAIHUTE
CTBOJIOBH KJIETKH He Oelie 3acernata. Te3u pe3ysiraTu IokasBart, ye u aBata Buga GO yactunu
MPOSIBSIBAT PA3JIMUHA CTETIEH Ha IUTOTOKCHYHOCT, KOSITO 3aBUCH OT BPEMETO, J103aTa 1 kietkure. Karo
151710, MouduItpanuTe ¢ amoHsak GO vacTuily ca no-tokcuyHu ot uyuctus GO, koeTo TpsiOBa 1a ce
B3eMe€ IPEIBH/I 3a ObACIH OMOMETUIIMHCKH PUIIOKEHUS.

8. Swierczek-Lasek, B., Keremidarska-Markova M., Hristova-Panusheva, K., Vladkova, T.,
Archacka, K., Krasteva, N. 2019. Polydimethylsiloxane materials with supraphysiological
elasticity enable differentiation of myogenic cells, Journal of Biomedical Materials Research -
Part A, Q1, SJR 0.862, TF 3.525

Abstract

Myogenic differentiation during muscle regeneration is guided by various physical and biochemical
factors. Recently, substratum elasticity has gained attention as a physical signal that influences both
cell differentiation and tissue regeneration. In this work, we investigated the influence of substratum
elasticity on proliferation and differentiation of myogenic cells, mouse myoblasts of the C2C12 cell
line and mouse primary myoblasts derived from satellite cells-muscle stem cells playing key role in
muscle regeneration. Materials with different elastic moduli within the MPa scale based on
polydimethylsiloxane (PDMS) were used as cell substratum and characterized for surface roughness,
wettability, and micromechanical characteristics. We found that surface properties of PDMS substrates
are alter nonlinearly with the increase of the material's elastic modulus. Using this system we provide
an evidence that materials with elastic modulus higher than that of physiological skeletal muscle tissue
do not perturb myogenic differentiation of both types of myoblasts; thus, can be used as biomaterials



for muscle tissue engineering. PDMS materials with elasticity within the range of 2.5-4 MPa may
transiently limit the proliferation of myoblasts, but not the efficiency of their differentiation. Direct
correlation between substratum elasticity and myogenic differentiation efficiency was not observed but
the other surface properties of the PDMS materials such as nanoroughness and wettability were also
diverse.

Pe3lome

MmuorenHara audepeHIHalys Mo BpeMe Ha pereHepanus|Ta Ha MyCKyJIUTe ce PbKOBOJIH OT Pa3iudHU
¢usnyecku u onoxumuyHY paktopu. Hackopo eracTUIHOCTTa Ha CyOCcTpaTa MpUBJieYe BHUMaHUE
KaTo QU3NYCCKH CUTHAJ, KOHTO BIMSIC KAKTO Ha KJIEThYHATA MU(ESPEHIUAIINS, TaKa U Ha
pereHepanusTa Ha ThKaHUTe. B Ta3u pabota u3cnenBaxMe BIMSHUETO HA €1aCTUYHOCTTA Ha cyOcTpara
BBPXY IpoiudepanusaTa u AudepeHraniaTa Ha MUOTEHHH KIIETKH: MUIIIA MHOOJIACTH OT KJIeThYHATa
suaust C2C12 v mbpBUYHE MUTIIH MHOOJIACTH, TIOYYCHU OT CATETUTHUTE KIETKH — CTBOJIOBH KJIETKH
C KJIFOYOBA POJIS B MYCKYJIHaTa perenepanus. MaTtepuanu ¢ pa3indHu enacTHdHu Moaynn B MPa
ckajara Ha 0azara Ha monuauMeTwicuiokcad (PDMS) ca m3noi3Banu KaTo CyOCTpaT 3a KIIETKUATE U
ca XapakTepu3MpaHH MO0 OTHOUICHHE HA IIOBBPXHOCTHA TPAlaBOCT, OMOKPSIEMOCT U MUKPOMEXaHUYHH
XapaKTepUCTUKHU. Y CTAHOBUXME, Y€ MIOBbPXHOCTHHUTE cBoiicTBa Ha PDMS cyOcTparute ce mpoMeHsT
HEJIMHEWHO ¢ YBENINYaBaHETO Ha eIACTUYHHUS MOAYJ Ha MaTepuaia. M3non3Baiiku Ta3u cucreMa, Hue
MIpelocTaBsIMe JOKa3aTeICTBa, Y& MaTepUaINTE C eaCTUYeH MOJYJI, IO-BUCOK OT TO3U Ha
(hm3noNorNYHaTa CKEIETHO-MYCKYJTHA ThKaH HE CMYyIIIaBaT MHUOTeHHATa Nu(epeHIInaIis Ha JBaTa
Bruaa MuobnacTy;, [1o To3n HAUMH MOXKe Jja ce U3ITONI3BAT KaTo OMOMaTepraiy 3a HHKEHEPCTBO Ha
MycKynHata Thkad. PDMS marepuanu ¢ enacTU4HOCT B paMkuTe Ha 2,5-4 MPa moraTt BpeMeHHO 1a
OTpaHUYAT Pa3NpPOCTPAHEHUETO HA MHUOOIACTUTE, HO He U e()eKTHBHOCTTA HA TAXHATA
mudepeniuanys. He ce HaOmoaBa TMPEKTHA KOpeamus MEX 1y eJIaCTHYHOCTTa Ha CyOCcTpaTa u
e()eKTUBHOCTTA HA MUOTEHHATa JU(EePEHITUAIINS, HO OCTaHAINTE TIOBLPXHOCTHU CBOcTBAa HA PDMS
MaTepHajIy KaTo HAHOTPIABOCTa M OMOKPSEMOCT ChIO 0s1Xa pa3HOOOpa3Hu.

9. Hristova-Panusheva, K., Keremidarska-Markova M., Andreeva, T., Speranza, G., Wang, D.,
Georgieva, M., Miloshev, G., Krasteva, N. 2019. Dose-dependent genotoxicity of ammonia-
modified graphene oxide particles in lung cancer cells. Journal of Physics: Conference
Series,2019. Q4, SIR 0.227

Abstract

Graphene oxide (GO), the water soluble form of 2D graphene, has received much attention because of
its attractive properties for a wide range of applications and products. Surface modification with
different functional groups can improve GO biocompatibility for further biomedical applications. In
the present study we have evaluated genotoxicity of pristine and ammonia-modified graphene oxide
(GO-NH2) nanoparticles (NPs) in a human lung epithelial cell line, A549, exposed for 24 h to
different concentrations of NPs (0.1, 1, 10, 20 and 50 pg/ml). Quantification of reactive oxygen
species (ROS) indicated that exposure to higher concentrations of both types of NPs resulted in
enhanced ROS generation. The observed comet tail migration in the method of Single Cell Gel
Electrophoresis in the cells treated with 20 and 50 pg/ml GO and GO-NH2 indicated presence of
damages in DNA. Cell cycle analysis showed that after treatment of A549 cells with increasing
concentrations of NPs for 24h the percentage of cells in G0/G1 phase of the cell cycle decreased while
the percentage of cells in G2/M increased. The presented results suggest that ammonia-modified GO
NPs applied at concentrations higher than 20 pg/ml induced stronger toxicity effect in A549 cells
compared to pristine GO and that the use of low concentrations of GO and GO-NH2 NPs is important
to avoide adverse biological effects.

Pe3rome



Ha rpadenosus okcua (GO), Bonopasteopumata opma Ha 2D rpaden, ce oOpbIua rojisiMo BHUIMaHUE
Mopajau aTpakKTUBHUTE My CBOMCTBA 32 IIUPOK CIIEKTHP OT MPHUIIOKEHHUS U IPOTYKTH.
MoandukanusaTa Ha MOBEPXHOCTTA C Pa3IMYHU (YHKIMOHAIHH TPYITH MOKE J1a Toa00pH
o6uockBMecTuMocTTa Ha GO 3a Mo-HaTaThUIHU OMOMEIMIIMHCKY MpUIoKeHus. B HacTosmoTo
[IPOYYBaHE HUE OLCHUXME T€HOTOKCUYHOCTTA Ha YUCTU U MOIUGBHUIMPAHU C aMOHIK HAHOYACTULH
(NP) ot rpadperoB okcun (GO-NH>) B qoBemka OenoapoOHa enuTeNIHa KIIeThYHa TUHUA AS549,
M3JI0’KEHA B MPOIBIDKeHNE Ha 24 gaca Ha pasnuuan KornenTpanud Ha NP (0,1, 1, 10, 20 u 50 pg/ml).
KonmgecTBeHOTO ompesesiHe Ha peakTHBHU kuciopoaau Bumose (ROS) mokasa, e n3naranero Ha
[0-BUCOKHM KOHIIEHTpauuu ot ABara Buga NP Boau 1o 3acuneno reHepupane Ha ROS.
HabnronaBanara Murpanus Ha KOMETHaTa OMalllKa Py METOJia Ha rell enekTpodopesa Ha eNMHIYHH
KJIeTKH B Kietkute, Tpetupanu ¢ 20 u 50 pg/ml GO u GO-NH,, noka3Ba HaM4re Ha YBpEKAaHUS B
JHK. AHanu3bT Ha KIEThYHUS IIUKBI MIOKa3a, Y€ CIe/ TpeTHupaHne Ha KieTku AS549 ¢ HapacTBamu
KOHIIEHTPALlMM Ha HAHOYACTHLU B IIPOABIDKEHNE Ha 24 yaca, IPOLICHTHT Ha KJIETKUTE BbB (haza
GO0/G1 Ha kIeThUHUS IUKBI HAMAJSBa, TOKATO MPOIEHTHT Ha KieTkute B G2/M ce yBennuaga.
[IpencraBenure pe3ynTatu noka3pat, 4e Moauduuupanu ¢ aMmoHsk GO HaHOYACTUIH, IPUIIOKEHH B
KOHIIEHTPAIUH 1TO-BUCOKH OT 20 pg/ml, maaympat no-cuiieH TokcndeH edekt B A549 kieTku B
cpaBHeHue ¢ ynctute GO, 1 ye u3non3BaHeTo Ha HUCKH KoHIeHTpanuu Ha GO u GO-NH;
HAHOYACTHIIM € Ba)KHO 3a W30sIrBaHe HA HEOMAronpHUATHH OHONOTHYHHU eeKTH.

10. Krasteva, N., Keremidarska-Markova M., Hristova-Panusheva, K., Andreeva, T., Speranza,
G., Wang, D., Draganova-Filipova, M., Miloshev, G., Georgieva, M. 2019. Aminated
graphene oxide as a potential new therapy for colorectal cancer, Oxidative Medicine and
Cellular Longevity, Q1, SJR 1.394, IF 5.076

Abstract

Nanotechnology-based drug delivery systems for cancer therapy are the topic of interest for many
researchers and scientists. Graphene oxide (GO) and its derivates are among the most extensively
studied delivery systems of this type. The increased surface area, elevated loading capacity, and
aptitude for surface functionalization together with the ability to induce reactive oxygen species make
GO a promising tool for the development of novel anticancer therapies. Moreover, GO nanoparticles
not only function as effective drug carriers but also have the potential to exert their own inhibitory
effects on tumour cells. Recent results show that the functionalization of GO with different functional
groups, namely, with amine groups, leads to increased reactivity of the nanoparticles. The last steers
different hypotheses for the mechanisms through which this functionalization of GO could potentially
lead to improved anticancer capacity. In this research, we have evaluated the potential of amine-
functionalized graphene oxide nanoparticles (GO-NH2) as new molecules for colorectal cancer
therapy. For the purpose, we have assessed the impact of aminated graphene oxide (GO) sheets on the
viability of colon cancer cells, their potential to generate ROS, and their potential to influence cellular
proliferation and survival. In order to elucidate their mechanism of action on the cellular systems, we
have probed their genotoxic and cytostatic properties and compared them to pristine GO. Our results
revealed that both GO samples (pristine and aminated) were composed of few-layer sheets with
different particle sizes, zeta potential, and surface characteristics. Furthermore, we have detected
increased cyto- and genotoxicity of the aminated GO nanoparticles following 24-hour exposure on
Colon 26 cells. The last leads us to conclude that exposure of cancer cells to GO, namely, aminated
GO, can significantly contribute to cancer cell killing by enhancing the cytotoxicity effect exerted
through the induction of ROS, subsequent DNA damage, and apoptosis.

Peslome

CucteMuTe 3a IOCTaBsSHE Ha JICKapCTBa, 0a3upaHn Ha HAHOTEXHOJIOTHH, 3a TEpaIlusl Ha pak ca 00eKT
Ha MHTEPEC 3a MHOTO H3ciiefoBaTend U yueHu. I padenoBust okcng (GO) u HETOBUTE MTPOU3BOIHH Ca
cpen Haif-00CTOWHO M3Y4YaBaHNUTE CHCTEMH 3a IOCTABSIHE OT TO3W THII. Y BEJIMUYEHATa MOBBPXHOCT,



MTOBUINICHUSAT KaNallUTET Ha HATOBapBaHE U CIOCOOHOCTTA 32 MOBHPXHOCTHA (PYHKIIMOHATU3AITHS,
3aeJJHO ChC CIOCOOHOCTTA 32 MHAYLMPaHe Ha PeaKTUBHU KUCIOPOIHH BUAOBE, paBsaT GO obemasarg
WHCTPYMEHT 3a pa3pa0OTBaHETO Ha HOBH MPOTHBOpakoBU Tepanuu. OcBeH ToBa, GO HaHOYACTUIINTE
He caMO (PYHKIIMOHUPAT KaTo e(hSKTUBHU JICKAPCTBEHU HOCUTEIIN, HO M MMAT TIOTSHIIMANA J1a
YIpaXHSIBaT CBOM COOCTBEHN MHXUOUTOPHHU eeKTH BbPXY TYMOpHHTE KIeTKH. [locienaure
pe3ynTaTH IMoKasBar, e ¢pyHKIuoHanm3upaneto Ha GO ¢ pa3nuyHu QyHKINOHAIHH TPYIH, 2 UMEHHO
C aMHHO TPYITH, BOAH JI0 TTOBHIIIEHA PEAKTUBHOCT HAa HaHOYacThiuTe. [locnesHOTO HAacOYBa pa3iIndHu
XHUIOTE3W 32 MEXaHU3MUTE, Upe3 KOUTO Taszu GpyHKknuoHanu3aus Ha GO 6u MOTJIa MMOTeHIINATHO J1a
J0BeZie A0 MoA00pEeH NPOTUBOPAKOB KanauuTeT. B ToBa n3cienBane Hue OLEHUXME MOTEHIMANA Ha
aMHUH-(QYHKIMOHATM3UPAaHUTE HaHOUACTUIN OT rpadenoB okcua (GO-NHz) kaTo HOBU MOJIEKyIH 3a
Tepamnus Ha KOJIOPEKTalIeH pak. 3a LieJiTa HAe U3ceJBaXMe Bb3JICHCTBUETO HA aMUHUPAHHUTE JIUCTOBE
OT Tpa)eHOB OKCHJ BEPXY KH3HECIOCOOHOCTTA HAa PAKOBHUTE KJIETKU OT e0EI0TO YepBO, TEXHHS
nmoTeHnuan ga reiepupatr ROS 1 moTeHnnana UM Aa MOBIUSAT HAa KIIEThUHATA MPOIHQeparis u
orensBaHe. 3a /1a U3SCHIM MEXaHW3Ma UM Ha JIEHCTBHE BhPXY KIIETHhUHUTE CUCTEMH, HUE
M3CcIeIBaxXMe TEXHUTE TeHOTOKCUYIHH U ITUTOCTAaTHYHY CBOICTBA U TH cpaBHUXMe ¢ uncT GO. Hammre
pe3ynTaTH Mmokasaxa, 4e u apere npoou ot GO (YUCT 1 aMUHHUPAH) ca ChbCTAaBEHU OT HAKOJIKO CIIOS C
Ppas3iivyHu pasMEepU Ha YaCTUIUTE, 3€Ta MMOTCHUHAI U TIOBbPXHOCTHU XaPaAKTCPUCTUKU. Ocsen TOBa,
OTKpHXMeE MOBHIICHA IIUTO- © TEHOTOKCMYHOCT Ha aMuHupannTe GO HaHOYACTHUIHM clief] 24-4acoBO
uznarane BbpXy kieTku Colon 26. [TocnenHoTo BoIu 10 3aKIIOUEHUETO, Y€ H3JIaraHeTO HA PAKOBHUTE
kietku Ha GO, a umenno amuaupad GO, MOKe 3HAUUTEITHO Ja TOIPUHECE 32 YHUIIIO’KABAHETO Ha
pakoBUTE KIETKH Ype3 3aCUIIBaHE Ha IMTOTOKCUYHUS eeKT, yIpaxHsIBaH upe3 uHAyupane Ha ROS,
nocnensamo yepexaane Ha JIHK u anonro3a.

11. Georgieva, M., Gospodinova, Z., Keremidarska-Markova M., Kamenska, T., Gencheva, G.,
Krasteva, N. 2021. PEGylated nanographene oxide in combination with near-infrared laser
irradiation as a smart nanocarrier in colon cancer targeted therapy, Pharmaceutics, 13, 3, Q1
SIR=0.922, IF 6.525

Abstract

Anti-cancer therapies that integrate smart nanomaterials are the focus of cancer research in recent
years. Here, we present our results with PEGylated nanographene oxide particles (nGO-PEG) and
have studied their combined effect with near-infrared (NIR) irradiation on low and high invasive
colorectal carcinoma cells. The aim is to develop nGO-PEG as a smart nanocarrier for colon cancer-
targeted therapy. For this purpose, nGO-PEG nanoparticles' size, zeta potential, surface morphology,
dispersion stability, aggregation, and sterility were determined and compared with pristine nGO
nanoparticles (NPs). Our results show that PEGylation increased the particle sizes from 256.7 nm
(pristine nGO) to 324.6 nm (nGO-PEG), the zeta potential from -32.9 to -21.6 mV, and wrinkled the
surface of the nanosheets. Furthermore, nGO-PEG exhibited higher absorbance in the NIR region, as
compared to unmodified nGO. PEGylated nGO demonstrated enhanced stability in aqueous solution,
improved dispensability in the culture medium, containing 10% fetal bovine serum (FBS) and
amended biocompatibility. A strong synergic effect of nGO-PEG activated with NIR irradiation for 5
min (1.5 W/cm-2 laser) was observed on cell growth inhibition of low invasive colon cancer cells
(HT29) and their wound closure ability while the effect of NIR on cellular morphology was relatively
weak. Our results show that PEGylation of nGO combined with NIR irradiation holds the potential for
a biocompatible smart nanocarrier in colon cancer cells with enhanced physicochemical properties and
higher biological compatibility. For that reason, further optimization of the irradiation process and
detailed screening of nGO-PEG in combination with NIR and chemotherapeutics on the fate of the
colon cancer cells is a prerequisite for highly efficient combined nanothermal and photothermal
therapy for colon cancer.

Pe3rome



[IpoTuBOpakoBUTE TEpaNKy, KOUTO HHTETPUPAT UHTCIUTSHTHH HAHOMATEPHAJIH, Ca BbB (OKyca Ha
W3CIeIBaHMATA Ha paKa Mpe3 MocjeTHUTe TOMUHH. TyK nmpencTaBsiMe HalluTe pe3yaTaTH ¢
HaHOYacTHIH nerunupat rpadenoB okeua (nGO-PEG) u cme n3ciensany KoOMOMHUPaHHS UM e(DeKT C
oOmpuBaHe B Oiin3ka g0 nHppadepBenara (NIR) obmact BbpXy HUCKO U BUCOKO WHBa3HBHU
KOJIOPEKTAITHN KapIIMHOMHH KiIeTKH. Llenra e ma ce pazpadotu nGO-PEG karo uaTemMrenTeH
HaHOHOCHTEJI 3a Teparnus, HacOYeHa KbM pak Ha ne0esroTo 4epBo. 3a Ta3M mel 05xa onpeneacHu
pa3MepsbT, 3eTa MOTEHIUATBT, TIOBBPXHOCTHATA MOP(OJIOTHS, CTA0MIIHOCTTA HA JUCIIEPCHITA,
arperamusaTa u crepruiHoctta Ha nGO-PEG wactunure n cpaBuenu ¢ unctu nGO Hanougactury (NPs).
Hammte pesynraTu nokassar, ye MErwIMPaHeTo YBEIUYaBa pa3Mepa Ha YacTUIHTE OT 256,7 nm (YucT
nGO) g0 324,6 nm (nGO-PEG), 3eta notenmnmana ot -32,9 10 -21,6 mV u HarbBa MOBBPXHOCTTA HA
HanonuctoBete. OcBeH ToBa, nGO-PEG moka3Bar no-Bucoka abcop6buus B NIR o6nactra B
cpaBHenue ¢ Hemoaupuuupanus nGO. [IET unmupanusat nGO neMoHCTpHpa MOBHUIICHA CTAOMIHOCT
BBB BOJICH Pa3TBOP, MOI00pPEeHa JO3UPYEMOCT B KyJITypajiHa cpena, ceabpkamia 10% deranen
roeexxan cepyM (FBS), n mogobpena 6nocksBMectumocT. HabmoiaBan e cuieH cuaeprudeH eexr Ha
nGO-PEG, axtusupan ¢ NIR o0rpuBane B mpoabinkenne Ha 5 munayTH (1,5 W/cm-2 nazep), BbpXy
WHXHOWPAHETO Ha KIETHYHUS PACTeX HAa HUICKOWHBA3WBHH PAKOBH KIIETKH Ha nedenoro uepBo (HT29)
W CIIOCOOHOCTTA UM 3a 3aTBapsiHe Ha paHH, 1okaTo edekTsT Ha NIR BBpXy KieThuHaTa MOPQOIOTHS €
otHocuTenHo cnabd. Hammre pesynratu nokasear, ue [IEI'mnupanero Ha nGO, komOuHnpano ¢ NIR
06JTLLIB3HC, HnMa IMoTCHIHaJI 3a 6I/IOC’LBMCCTI/IM HWHTCJIUICHTCH HAHOHOCHUTECI B PAKOBU KJICTKH Ha
Ne0eI0To YepBO ¢ MoA00peHH (PU3MKOXUMHUYHU CBOWCTBA M MTO-BUCOKA OMOJIOTMYHA ChBMECTHMOCT.
[lopaay Ta3u mpuyMHa, O-HATATHITHOTO ONITUMHU3MPAHE Ha MpoIlieca Ha 00TbYBaHE U TTOJIPOOHHSIT
ckpuauHT Ha nGO-PEG B xomOuHanms ¢ NIR u xumuoTepaneBTHIN BEPXY ChAOaTa Ha PAKOBHUTE
KIJIETKY Ha JIe06eI0To YepBo € MpearocTaBka 3a BUCOKOe(DeKTHBHA KOMOMHAPaHa HAHOTEPMHUYIHA U
(hoToTepMUYHA Teparus 3a pak Ha 1e0eI0To YepRo.

12. Iliyana Sazdova, Keremidarska-Markova M., Mariela Chichova, Blagoy Uzunov, Georgi
Nikolaev, Mitko Mladenov, Rudolf Schubert, Maya Stoyneva-Gértner, Hristo S. Gagov.
2022:5647178. Review of Cyanotoxicity Studies Based on Cell Cultures. Journal of
Toxicology, 2022. Q2, SJR 0.614, IF 2.9

Abstract

Cyanotoxins (CTs) are a large and diverse group of toxins produced by the peculiar photosynthetic
prokaryotes of the domain Cyanoprokaryota. Toxin-producing aquatic cyanoprokaryotes can develop
in mass, causing “water blooms” or “cyanoblooms,” which may lead to environmental disaster—water
poisoning, extinction of aquatic life, and even to human death. CT studies on single cells and cells in
culture are an important stage of toxicological studies with increasing impact for their further use for
scientific and clinical purposes, and for policies of environmental protection. The higher cost of
animal use and continuous resistance to the use of animals for scientific and toxicological studies lead
to a progressive increase of cell lines use. This review aims to present (1) the important results of the
effects of CT on human and animal cell lines, (2) the methods and concentrations used to obtain these
results, (3) the studied cell lines and their tissues of origin, and (4) the intracellular targets of CT. CTs
reviewed are presented in alphabetical order as follows: aeruginosins, anatoxins, BMAA (-N-
methylamino-L-alanine), cylindrospermopsins, depsipeptides, lipopolysaccharides, lyngbyatoxins,
microcystins, nodularins, cyanobacterial retinoids, and saxitoxins. The presence of all these data in a
review allows in one look to advance the research on CT using cell cultures by facilitating the
selection of the most appropriate methods, conditions, and cell lines for future toxicological,
pharmacological, and physiological studies.

Peslome

Huanorokcunure (CTs) ca romsima u pasHooOpa3Ha rpymna TOKCHHH, TPOU3BEXKAAHN OT
cnennpuIHUTe GOTOCHHTETHYHH MTPOKapruoTu ot nomeitna Cyanoprokaryota. Bogaute



[UAHOIIPOKAPUOTH, MPOU3BEK AN TOKCHHHU, MOTAT Ja C€ pa3BUBAT MACOBO, IPUYNHSABANKH ,,BOJTHU
BGTESKUA WIH ,,ITUAHOITb(TEXK", KOSTO MOXKE J1a JOBEC JI0 EKOJIOTUYHO OC/ICTBUE — OTPABSIHE HA
BOJIaTa, M34e3BaHE HA BOJHUTE OPraHU3MU U J0pH 10 YoBenika cMbpT. CT uscnensaHusTa BbpXy
CJIMHUYHY KJISTKU U KIIEThUHU KYJITYPH Ca BAXKCH €Tall OT TOKCUKOJIOTUYHHUTE U3CIICIBAHUS C
HapacTBaIlo Bh3JeHCTBHE BHPXY MO-HATATHITHOTO UM H3MOJI3BaHE 33 HAYYHU U KIIMHUYHH LENH,
KaKTO ¥ 3a MOJUTHKH 32 Olla3BaHe Ha OKOJIHATa cpena. I1o-BrcokaTa meHa Ha U3M0I3BaHeTO Ha
YKUBOTHH M TTOCTOSIHHATA CHIIPOTHBA CPEIy M3IOJI3BAHETO HA )KHUBOTHH 32 HAYYHU M TOKCUKOIOTUIHH
W3CIIeIBAaHAS BOJAT A0 POTPECHBHO YBEIMUaBaHe Ha M3IIOI3BAHETO HA KIETHYHH JTHHUH. To3mu 0030p
vMa 3a 11en aa npeactasu (1) Baxaute pesynratu oT eekture Ha CT BbpXy YOBCIIKH U )KUBOTHHCKH
KJICTBYHU JIWHUH, (2) METOJUTE ¥ KOHIICHTPAIIUUTE, U3II0JI3BaHH 32 TOIyYaBaHe HA T€3H PE3yJITaTH,
(3) uscieBaHUTE KICTHYHH JTUHUU U TEXHUTE ThKAaHU Ha IPOU3X0 U (4) BBTPEKICTHYHUTE TaPTeTH
Ha CT. IIpernenanute CT ca npeacTtaBeHu 1Mo a30y4eH pell, KAaKTO CIIE/[Ba: aCpyTrHHO3HMHH,
anatokcuau, BMAA (B-N-MetninamMuHo-L-anaHuH), TUTAHIPOCIICPMOIICHHH, JETICUTICTITH/IN,
JUTIOTIONIN3aXapUAH, THHTONAaTOKCHHH, MUKPOIIMCTHHH, HOAYJIApUHH, ITMAaHOOAKTEPHUATHA PETHHOU TN
1 CAaKCUTOKCHHH. Hammarero Ha BCHYKH Te3W JaHHH B €IUH 0030p MO3BOJISIBA HABETHEK 1A C&
yckopsat u3cnensanusta Ha CT ¢ momorira Ha KIeThYHU KyITYpH, KaTo ce yiiecH! n300pa Ha Haii-
nmoaXoaAIuTe METOAU, YCIIOBHUA U KIICTHYHU JIMHUH 34 6’LI[€H_[I/I TOKCHUKOJIOTHYHH, (bapMaKonoquM u
(1)I/I3I/IOJIOFI/I‘-IHI/I HN3CJICABaHUA.

13. Shkodrova, M., Mishonova, M., Chichova, M., Sazdova, 1., Ilieva, B., Doncheva-Stoimenova,
D., Raikova, N., Keremidarska-Markova M., Gagov, H. 2023. B-N-Methylamino-L-Alanine
(BMAA) Modulates the Sympathetic Regulation and Homeostasis of Polyamines. Toxins, 15,
141. Q1, SJR 0.882, IF 3,9

Abstract

The neurotoxin -N-methylamino-L-alanine (BMAA) is a non-proteinogenic amino acid produced by
cyanobacteria. Non-neuronal toxicity of BMAA is poorly studied with a reported increase in reactive
oxygen species and a decrease in the antioxidant capacity of liver, kidney, and colorectal
adenocarcinoma cells. The aim of this research is to study the toxicity of BMAA (0.1-1 mM) on
mitochondria and submitochondrial particles with ATPase activity, on the semicarbazide-sensitive
amino oxidases (SSAOs) activity of rat liver, and on an in vitro model containing functionally active
excitable tissues—regularly contracting heart muscle preparation with a preserved autonomic
innervation. For the first time the BMAA-dependent inhibition of SSAO activity, the elimination of
the positive inotropic effect of adrenergic innervation, and the direct and reversible inhibition of
adrenaline signaling in ventricular myocytes with 1 mM BMAA were observed. Additionally, it is
confirmed that | mM BMAA can activate mitochondrial ATPase indirectly. It is concluded that a
higher dose of BMAA may influence multiple physiological and pathological processes as it slows
down the degradation of biogenic amines, downregulates the sympathetic neuromediation, and
embarrasses the cell signaling of adrenergic receptors.

Pe3lome

HeBpotokcunasT f-N-metmnamuno-L-ananna (BMAA) e HenmpoTeMHOT€HHa aMHUHOKHCEIIHHA,
MPOM3BEXKIaHa OT uaHoOakTepun. HeHeBpoHaHaTa TokcnuHOoCcT HAa BMAA e cabo npoydeHa, KaTo
€ ChOOIIEHO 32 YBEIMUYECHHE HA PEAKTUBHUTE KUCIOPOIHH BUJIOBE U HAMAJISIBAHE HA aHTHOKCHIAHTHUS
KalaluTeT Ha YepHOpOOHNTE, ObOPEYHHTE U KOJIOPEKTAITHUTE aJeHOKApIIMHOMHY KiIeTKH. LlenTa Ha
TOBa M3CIEJBaHE € Ja ce MpoyyH TokcudHoctta Ha BMAA (0,1-1 mM) BbpXy MUTOXOHAPHUTE U
cyomuToxoHapuanaute yactuiy ¢ ATda3Ha akTHBHOCT, BBPXY aKTHBHOCTTA HA CEMUKapOa3uI-
YyBCTBHUTEJIIHUTE aMHHOOKcHAa3U (SSAOs) Ha yepHus Ipod Ha IUTBX U BBPXY i Vitro MOJEN,
ChIbprKall (YHKIMOHAIHO aKTUBHH BH30YAUMH ThKaHU — HOPMaJTHO KOHTPaxupall ce mpenapar Ha
ChpIICUEH MYCKYJ ChC 3aa3eHa aBTOHOMHA WHEPBalys. 3a MbPBU BT € HaOmogaBaHo BMAA -
3aBrcUMO HHXHOUpaHe Ha SSAO aKTUBHOCTTA, CTUMHHUPAHE HA TTOJIOKUTEITHUSI HHOTPOTICH e()eKT Ha



aJpeHepruyHaTa MHEPBAIKS U IUPEKTHO U 00paTUMO UHXUOMpAHE HA aJpEeHAIMHOBATA CUTHATM3AIIHS
B kamepHute Mmuoiutu ¢ 1 mM BMAA. Ocsen ToBa € noTBbpAcHO, ue | mM BMAA Moxe na
aktuBupa Mmutoxouapuannata ATdaza uaaupextro. [IpaBu ce 3aKII0YEHUETO, Y€ MO-BUCOKA 1032
BMAA Moke 1a IOBIHsie HA MHOXKECTBO (DU3HOJIOTMYHH U TIATOJIOTMYHU MPOIIECH, ThH KaTo 3a0aBs
pasrpakIaHeTo Ha OMOTeHHHW aMUHU, TIOHMKaBa CHMITATHKOBATa HEBPOMEIHUAITHS M BB3IPETISTCTBA
KJIEThYHATA CUTHAIN3AINS Ha aAPCHEPTHIHUTE PEIECTITOPH.

14. Sazdova 1., Keremidarska-Markova M., Dimitrova D., Mitrokhin V., Kamkin A., Hadzi-
Petrushev N., Bogdanov J., Schubert R., Gagov H., Avtanski D. 2023. Anticarcinogenic
Potency of EF24: An Overview of Its Pharmacokinetics, Efficacy, Mechanism of Action, and
Nanoformulation for Drug Delivery. Cancers, 15, 22. Q1, SJR 1.391, IF 4,5

Abstract

EF24, a synthetic monocarbonyl analog of curcumin, shows significant potential as an anticancer
agent with both chemopreventive and chemotherapeutic properties. It exhibits rapid absorption,
extensive tissue distribution, and efficient metabolism, ensuring optimal bioavailability and sustained
exposure of the target tissues. The ability of EF24 to penetrate biological barriers and accumulate at
tumor sites makes it advantageous for effective cancer treatment. Studies have demonstrated EF24’s
remarkable efficacy against various cancers, including breast, lung, prostate, colon, and pancreatic
cancer. The unique mechanism of action of EF24 involves modulation of the nuclear factor-kappa B
(NF-kB) and nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathways, disrupting cancer-
promoting inflammation and oxidative stress. EF24 inhibits tumor growth by inducing cell cycle arrest
and apoptosis, mainly through inhibiting the NF-kB pathway and by regulating key genes by
modulating microRNA (miRNA) expression or the proteasomal pathway. In summary, EF24 is a
promising anticancer compound with a unique mechanism of action that makes it effective against
various cancers. Its ability to enhance the effects of conventional therapies, coupled with
improvements in drug delivery systems, could make it a valuable asset in cancer treatment. However,
addressing its solubility and stability challenges will be crucial for its successful clinical application.

Pesrome

EF24, cuaTeTndeH MOHOKapOOHUJICH aHAJIOT Ha KyPKYMUH, TTOKa3Ba 3HAYUTEICH OTEHINAI KaTO
MIPOTUBOPAKOBO CPEJICTBO C XUMHUOMPOPUIAKTUIHNA U XUMHOTEPAIIEBTUYHA CBOMcTBa. Toil mposiBsiBa
0bp3a abcopOIHsL, MIPOKO PA3NPOCTPAHEHNE B THKaHHUTE U €(PEeKTHBEH MeTa0O0IM3bM, OCUTYPSBAUKH
ONTHUMAaJIHA OMOHAIMYHOCT M MPOAB/DKUTEITHO M3JIaraHe Ha 1ejieBuTe Thkanu. CriocobHoctra Ha EF24
Jla TIPOHUKBA MPe3 OUOJIOTHYHUTE OapUepH U Jla CE HATPYIMBa B TYMOPHHUTE 30HH 'O TIPABH
MPEeIMMCTRO 32 e()EeKTUBHO JieueHue Ha pak. [IpoyuBaHusaTa MOKa3Bat 3a0eieKuTeIHATa €PUKACHOCT
Ha EF24 cpeiiy pa3jivuHu BUIOBE paK, BKIYHUTEIHO paK Ha I'bpjaTa, Oeaus Ipo0, mpocTaTara,
nebenoTo YepBo U MaHKpeaca. Y HUKATHUSAT MEXaHU3bM Ha nelicTBue Ha EF24 BrrrouBa Momynanus
Ha CUTHAJIHWTE ITbTHUINA Ha saperns (akrop-kana B (NF-kB) u cBbp3anus ¢ sapeHus paxtop
eputpous 2 gaxrtop 2 (Nrf2), HapyIaBaiky Bb3MaJICHHETO H OKCUIATUBHUS CTPEC, KOUTO
npoMotupar paka. EF24 naxnbupa pacrtexa Ha TyMoOpa 4pe3 WHAYIIUpaHe Ha CIIMpaHe Ha KIEThUHUS
LIMKBJI U allolTo3a, INIaBHO upe3 nHXxuOupane Ha nmbTsa NF-kB u upe3 perynupaHe Ha KJIHO4YOBU T'€HU
4pe3 Moayiupane Ha excripecusita Ha MUKpoPHK (miRNA) wnu npoteazomums neT. B 000011eHue,
EF24 e o6emiaBaliio npoTHBOPAaKOBO ChEAMHEHUE C YHUKAICH MEXaHU3bM Ha JCHCTBUE, KOWTO IO
npaBH e(peKTHBEH Cpelly pa3indHu BUAoBe pak. CriocoOHOCTTa MY J1a yCUBa ePeKTUTe Ha
KOHBEHI[MOHATHUTE TePaIiH, ChUueTaHa ¢ OJ00PEHHUS B CHCTEMHUTE 32 JIOCTaBSHE Ha JIEKapCTBa, On
MOTJIa JIa TO HaIlpaBH [IEHEH aKTHB IIPH JISYCHUETO Ha pak. CIpaBsiHETO ¢ IPOOJIEMUTE, CBBP3aHH C
Pa3TBOPUMOCTTA M CTAOMITHOCTTA My, 00aue 11e Objie OT pemaBalio 3Ha4eHUe 3a YCIEITHOTO MY
KIIMHUYHO MPUJIOKEHUE.



15. Keremidarska-Markova M., Sazdova 1., Mladenov M., Pilicheva B., Zagorchev P., Gagov
H. 2024. Sirtuin 1 and Hormonal Regulations in Aging. Applied Sciences, 14. Q2, SJIR 0.508,
IF 2.5

Abstract

Aging affects the structure and functions of all organs and systems in the organism. In the elderly,
significant changes in hormonal levels are observed. These translate to a predisposition for chronic
diseases, including cardiovascular, neurodegenerative, and metabolic disorders. Therefore,
tremendous scientific effort is focused on investigating molecular mechanisms and drugs with the
potential to reduce hormonal changes in old age and their impact. Sirtuin 1 (SIRT1), a member of
the sirtuin family of deacetylases, has been extensively studied as a regulator of multiple pathways
related to antioxidant properties, optimal immune response, and metabolism. SIRT1 plays a key
role in regulating various hormonal pathways and maintaining homeostasis. In the present study,
we review the interplay between SIRT1 and hormonal regulations, including the endocrine role of
the hypothalamic—pituitary—thyroid, —adrenal, —gonadal, and —liver axes, of other endocrine
glands, and of non-endocrine tissues in the aging organism. The application of natural SIRT1
activators, such as resveratrol, curcumin, paconol, and Buyang Huanwu Decoction, for the
treatment of aging and senescence is discussed. SIRT1 activators improve mitochondrial function,
reduce oxidative stress, and promote longevity, but their clinical application is limited by low
bioavailability and poor permeability across biological barriers. For this reason, advanced delivery
strategies are being considered, including nose-to-brain drug delivery and nanotechnology-based
formulations.

Peslome

Crapeenero 3acsira CTpyKTyparta 1 QyHKIUUTE Ha BCHYKH OPTaHU M CHCTEMH B opranu3ma. [Ipu
BB3PACTHUTE XOpa ce HaOJI0AaBaT 3HAYUTEIHN IIPOMEHH B XOPMOHAIHUTE HUBA. ToBa BoAM 10
MPEPasoI0KEHOCT KbM XPOHUYHU 3a00JsIBaHUS, BKIIFOUUTEIHO ChbPACYHO-ChA0BH,
HEBPOJEreHEPAaTUBHY M METa0OIUTHY HapymeHus. [lopaau ToBa OrpoMHU HayYHH YCHIIUS Ca
HACOYEHH KbM H3CIEIBaHE HA MOJIEKYJIIPHU MEXaHU3MH H JIEKapCTBa C MMOTEHLUA 3a
HaMaJIsSIBaHE Ha XOPMOHAJIHUTE IIPOMEHHU B HAIIPEIHAJIA BB3PACT U TSIXHOTO Bb3/ICHCTBHE.
Cupryun 1 (SIRT1), uneH Ha ceMeHCTBOTO CUPTYWHOBH JIealleTHIIa31, € 0OCTOMHO MU3CIIeIBaH
KaTO PETyJIaTOp Ha MHOXKECTBO IIBTHUILA, CBBP3aHU C aHTUOKCUJIAHTHUTE CBOMCTBA, ONITUMAJIHUS
UMYHEH oTroBop 1 MeTabonm3ma. SIRT1 urpae kirodoBa posis B peryJiMpaHeTo Ha pa3indHH
XOPMOHAJIHM ITBTHIIA U MOJABPKAHETO HA XOMeocTa3aTa. B HacToAm0To H3cnenBane
pasriiexnaamMe BanMoencTereTo Mexxay SIRT1 u xopMmoHanHuTE perynanuy, BKIIOYUTETHO
CHJIOKpUHHATA POJIsl HA OCUTE XUIIOTallaMyC-XHuITo(H3a-IUTOBUIHA JKie3a, Han0bOpedHa xiesa,
TOHA/IU 1 YepeH Apo0, Ha APYTd €HAOKPUHHH *JIE3U M HAa HECHIOKPUHHU ThKaHHU B CTapeelys
oprauuzbM. O0ChKIa ce mpuiokeHreTo Ha ectectBeHn SIRT1 akTuBaTOpH, KaTo pecBepaTpoIl,
KYpPKYMUH, ITa€0HOJ U 0TBapa oT bysH XyaHBy, 3a nedenue Ha crapeere. SIRT1 aktuBaropute
MoJI00pSBaT MUTOXOHApHATHATA (QYHKIMS, HAMAISIBAT OKCUIATHBHUS CTPEC U HaChpuaBaT
IBITOJIETHETO, HO KITMHUYHOTO MM IPUIIOKEHHE € OTPAaHNYEHO OT HUCKaTa OMOHATMYHOCT H
Jouiata NponyCcKIMBOCT Ipe3 Onosioruunute 6apuepu. [lopaan Tasu npudnHa ce OOMHCIAT
YCBBBPILIEHCTBAHM CTPATErHHU 3a AOCTaBsHE, BKIIFOUUTEITHO JOCTaBAHE Ha JIEKapcTBa OT HOCA JI0
MO3bKa U POPMYITUPOBKH, Oa3UpaHN HA HAHOTEXHOJIOTHH.

16. Krasteva, Natalia, Shkodrova, Milena, Keremidarska-Markova M., Doncheva-Stoimenova,
Dilyana, Hristova-Panusheva, Kamelia, Mishonova, Milena, Chichova, Mariela. 2024. Effect
of Graphene Oxide and Ammonia-modified Graphene Oxide Particles on ATPase Activity of
Rat Liver Mitochondria. International Journal Bioautomation, 28, 1, 45-58. Q4, SJR 0.139

Abstract



Graphene and its derivatives have become promising materials for biomedical applications in the
last decade. Before their widespread application, however, evaluating their toxicity and
mechanisms underlying interactions with cellular components is imperative. Aims: Assessment of
the effect of two graphene derivatives, pristine graphene oxide (GO) and ammonia-modified GO
(GO-NHy) particles, on the ATPase activity of rat liver mitochondria and ROS production.
Methods: Liver mitochondria were isolated from male albino rats and treated with different
concentrations of GO and GO-NH; particles(4, 10, 25, and 50 pg/ml). ATPase activity of both,
intact and uncoupled by freezing/thawing mitochondria was determined by the measurement of
inorganic phosphate (Pi) released from ATP. The generation of hydrogen peroxide (H,O») after
exposure of mitochondria to GO and GO-NH: particles was determined by a DCFH-D assay.
Results: GO and GO-NH; particlesapplied at concentrations of 4 and 50 ug/ml did not affect the
ATPase activity of intact mitochondria. In contrast, in uncoupled mitochondria, they demonstrated
a stimulating effect on ATPase activity. The impact of GO-NH; was more substantial and
concentrationdependent. ROS production was also higher in GO-NH,-treated mitochondria.
Conclusion: The present study demonstrated that GO and GO-NH particles can exert a cytotoxic
effect on mitochondria even after a short-time of exposure to both types of particles.

Pesrome

I'padeHbT ¥ HETOBUTE MTPOU3BOJIHU CE MPEBbpPHAXa B 00EIaBaNY MATSPHAIU 32 OMOMETUITUHCKHU
MIPIJIOKEHUS TIPe3 TIOCTIEeTHOTO aAeceTreTre. [Ipenu mmpokoTo UM mpuiiokeHne odade e
HAJOXHUTETTHO Ja Ce OIEHH TAXHATAa TOKCHYHOCT ¥ MEXaHU3MHUTE, JIS)KAIM B OCHOBATa Ha
B3aMIMOICHCTBUATA UM C KIeThuHuTe KoMnoHeHTH. [{enmn: Onenka Ha edexra Ha qBe rpadeHOBU
npousBoAHH, YrucT TpadeHoB okcua (GO) n amonsaro-Mmoaudummpann GO (GO-NH,) wactum,
BbpXy AT®da3HaTa aKTUBHOCT HA MUTOXOHIPUHUTE B YePEH JIPO0 Ha IUTHXOBE U IMPOU3BOJICTBOTO
Ha ROS. Meroau: YepHOAPOOHUTE MUTOXOHIPHUU 0s1Xa U30JUPAHU OT MBIKKH IUTHXOBE aIOMHOCH
U TpeTHupanu ¢ pa3nuuHu koHneHTpanuu Ha GO u GO-NH, wactuim (4, 10, 25 u 50 pg/ml).
ATda3HaTa akTUBHOCT KaKTO Ha MHTAKTHH, TaKa U Ha JCKYIUIMPAHU upe3
3aMpa3zsBaHe/pa3MpassiBaHe MUTOXOHPHUHU O€IIle OTpe/iesieHa Ype3 H3MepBaHe Ha HeOpraHuIeH
¢docdar (Pi), ocBobonen or ATD. I'enepupanero Ha BogopoaeH nepokcun (H202) cnen nsnarane
Ha mutoxoHapuuTe Ha GO 1 GO-NH; vactumm 6eme onpeneneno upes DCFH-D anamms.
Pesynrtatu: GO u GO-NH; yactunm, npuiiokeHu B KoHUeHTpauuu oT 4 u 50 pg/ml, He nmosnusixa
Ha AT®a3Hata akTUBHOCT Ha HHTAKTHUTE MUTOXOHAPHUH. 3a pa3jiika OT TOBa, B ICKYIUIMPAHUTE
MHUTOXOHJIPHUH, T€ JEMOHCTpUpaxa cTuMyupail epekr Bbpxy ATda3zHnaTa akTUBHOCT.
Bu3neticteueto Ha GO-NH; Geliie m0-3Ha4YMUTEIIHO U 3aBUCUMO OT KOHIIEHTPAIIUATA.
[TpousBoacTBoTO HAa ROS chIM0 Oerie mo-BUCOKO B MUTOXOHIpUUTE, TpeTupanu ¢ GO-NH,.
3akimouenue: HacrosmoTo nmpoyuBane nokasza, ue GO u GO-NH; yactunure morat aa
YIpaXHSIBAT MIUTOTOKCUYEH e(eKT BbPXY MUTOXOHAPUHUTE JIOPH CIIe] KPATKO BpEMe Ha U3JaraHe
HAa JIBaTa BUJa YaCTHIIN.

17. Hristova-Panusheva, Kamelia, Keremidarska-Markova M., Krasteva, Natalia. 2024
Differential Effect of Novel Plant Cystatins on the Adhesive Behaviour of Normal and Cancer
Breast Cells.International Journal Bioautomation, 28, 1, 59-67. Q4, SJR 0.139

Abstract

In the present work, we have investigated a novel recombinant cystatin dgECP1 and its mutant
form, dgECP1m1, focused on their impact on the adhesive behaviour of two breast cell lines: the
cancerous, MDA-MB-231, and the normal, MCF-10A. DgECP1 cystatin is intriguing with its
RGD motif, responsible for cell adhesion and typical for mammalian extracellular matrix proteins
but uncommon for plant cystatins. The presence of the RGD sequence suggests the potential of the
dgECP1 to influence the adhesion of cancer cells and, respectively, cancer metastasis. A mutant
form of the dgECP1 cystatin, dqgECP1m1, where RGD is replaced with HGD tripeptide, was also



investigated. We found that both phytocystatins exerted differential effects on the adhesion
behaviour of normal and cancer cells. In the case of dgECP1 cystatins, the effect on cancer cell
adhesion also depends on the mode of administration of the cystatin to cells. When dgECP1 is pre-
adsorbed on a substrate,it improves the attachment of breast cancer cells and induces cell
aggregation, which is more typical for normal breast cells, and oppositely suppressed adhesion of
cancer cells when added to the medium. The mutant form, dgECP1ml, inhibited cancer cell
adhesion independently on the way of administration. On the other hand, both plant cystatins only
slightly reduced the adhesion of normal mammary cells pointing to the higher sensitivity of cancer
cells to bothcystatins. These preliminary results open the possibility of considering the plant
cystatin dgECP1 for anti-cancer strategies.

Peslome

B HacrosmaTta paboTa Hue n3cneaBaxMe HOB pekoMOuHanTeH 1uctatnd dgECP1 u Herosara
mytanTHa Gopma, dgECP1ml, pokycupanu BbpXy TSIXHOTO BB3/IEUCTBUE BHPXY aIXE3UBHOTO
TIOBEJICHUE Ha JIBE KJICTHYHH JIMHAW OT MJICUHA KJjie3a: pakoBara MDA-MB-231 u HOpManHaTa,
MCF-10A. DgECPI1 uuctatuasT € HHTpUryBai] cb¢ cBod RGD MoTuB, OTrOBOpEH 3a KieThYHaTa
a/IXe3usl M TUITUYEH 3a MPOTEHHHUTE Ha N3BBHKIICTHYHHS MaTPUKC Ha 003alHUIIM, HO PSIKO 32
pactutenHu nuctaTuau. Hanmmunero Ha RGD mocnemoBaTenHoCT moackas3Ba NOTEHIMANA Ha
DGECPI na moBnusie Ha aaxe3usiTa Ha paKOBUTE KJICTKH U, ChOTBETHO, PAKOBH METACTAa3H.
Wzcnenpana e u myrantHa ¢popma Ha dgECP1 nucratuna, dgECP1ml, kpaero RGD ce 3amens ¢
HGD tpunentun. Ycranopuxme, 4e v (GUTONUCTATHHUATE YIPAXKHIBAT PA3TUIHU €PEKTH BEPXY
aJIXe3WBHOTO TIOBEJICHHE HA HOPMAITHUTE U paKOBUTE KIIeTKU. B cimydas ¢ nucratuante dgECP1,
e(eKThT BbPXY aAXe3HUsITa Ha PAKOBUTE KJIETKU ChILO 3aBUCH OT HAUKMHA HA NPUJIOKECHNE Ha
nucTatuH KbM kiietkute. Korato dgECP1 e mpensapurenHo ajacopOupan BbpXy CyoCcTpar, TO
Mo100psIBa MPUKPEITBAHETO HA PAKOBUTE KJIETKH Ha I'bpJaTa U MHAYIUpa KIEThYHA arperamus,
KOETO € TIO-TUIIMYHO 32 HOPMAIHUTE KJICTKH Ha I'bpJiaTa U 00paTHO, IOTHCKA aXe3HATa Ha
paKoBUTE KIETKH, KOTaTo ce 100aBs KbM cpefara. MyrantHara ¢popma, dAgECP1Im1 unxubupa
aaxe3usTa Ha PaKOBUTE KJIETKU HE3aBUCUMO OT HauMHA Ha npwiokeHue. OT Apyra cTpaHa, u
ZIBaTa PaCTUTEIIHU LIMCTaTHHA CaAMO JIEKO HaMaJIsIBaT aJ{Xe3usATa Ha HOPMaJIHUTE KIETKH,
MOCOYBAIKH M0-BUCOKATa YyBCTBUTEIHOCT Ha PAKOBUTE KJIETKU M KbM JIBaTa UCTATHHA. Te31
MPEeIBapUTEIHN PE3YJTaTH OTBAPAT BB3MOKHOCTTA 32 OOMUCIISIHETO HAa PACTUTEIIHUS LIUCTATHH
dgECP1 3a aHTHpaKoBU CTpaTeruu.

18. Keremidarska-Markova M., Sazdova 1., Ilieva B., Mishonova M., Shkodrova M., Hristova-
Panusheva K., Krasteva N., Chichova M. 2024. Comprehensive Assessment of Graphene
Oxide Nanoparticles: Effects on Liver Enzymes and Cardiovascular System in Animal Models
and Skeletal Muscle Cells. Nanomaterials, 14, 2, 188-207. Q1, SIR 0798, IF 4.4

Abstract

The growing interest in graphene oxide (GO) for different biomedical applications requires
thoroughly examining its safety. Therefore, there is an urgent need for reliable data on how GO
nanoparticles affect healthy cells and organs. In the current work, we adopted a comprehensive
approach to assess the influence of GO and its polyethylene glycol-modified form (GO-PEG)
under near-infrared (NIR) exposure on several biological aspects. We evaluated the contractility of
isolated frog hearts, the activity of two rat liver enzymes—mitochondrial ATPase and diamine
oxidase (DAO), and the production of reactive oxygen species (ROS) in C2C12 skeletal muscle
cells following direct exposure to GO nanoparticles. The aim was to study the influence of GO
nanoparticles at multiple levels—organ; cellular; and subcellular—to provide a broader
understanding of their effects. Our data demonstrated that GO and GO-PEG negatively affect heart
contractility in frogs, inducing stronger arrhythmic contractions. They increased ROS production
in C2C12 myoblasts, whose effects diminished after NIR irradiation. Both nanoparticles in the rat



liver significantly stimulated DAO activity, with amplification of this effect after NIR irradiation.
GO did not uncouple intact rat liver mitochondria but caused a concentration-dependent decline in
ATPase activity in freeze/thaw mitochondria. This multifaceted investigation provides crucial
insights into GOs potential for diverse implications in biological systems.

Pe3lome

Hapactamusat uaTepec kM rpaderopust okcun (GO) 3a pa3mudHyd OMOMETHITHHCKH
MPUIOKEHHUS] H3UCKBa 331BJI00YCHO MTPOYyUYBaHE HAa HeroBaTa Oe3onacHocT. CegoBaTeiaHo, numa
CHEILIHA HYX/JIa OT HaJICKIHHU JaHHU 3a ToBa Kak GO HaHOYACTHLINTE BIHSIAT HA 3paBUTE KICTKU
u opranu. B HacTosimaTta pabota HUe BB3MPHEXME ISUIOCTEH MOIXO0/ 32 OLEHKA Ha BIMSIHUETO Ha
GO u neroBata Momuduuupana ¢ nonueTmieH raukod Gopma (GO-PEG) npu obnpuBane cbe
cBeTiivHA B Onm3ka o0 uHdpadepBeHata (NIR) obmacT BppXy HAKOIKO OMOJIOTHYHU acTIeKTa.
OneHuxMe KOHTPAaKTHIINTETa Ha H30IMPaHH )Ka0elIKH ChpLa, aKTUBHOCTTA HA 1Ba YEPHOAPOOHU
€H3MMa Ha IThX0Be — MUTOXOHapraHa ATda3a n nuamuH okcrnaza (DAQO), 1 mponu3BOACTBOTO
Ha peakTuBHHU Kuciopoxau Bugose (ROS) B ckeneTHO-MyckymnHU KieTku C2C12 cnex qupeKkTHO
m3narade Ha GO nanouactunu. Ilenra Oemie fa ce usciaensa Bausauero Ha GO HaHOYACTHIIUTE Ha
MHOECTBO HUBA — OPT'aHHO, KIIETHYHO M CyOKJIETHYHO — 3a JIa CE OCUTYPH MO-LIHUPOKO pazOoupane
Ha TexHuTe epextn. Hammure nanam nokassar, ue GO u GO-PEG BnusiaT HeraTUBHO BBPXY
KOHTPAKTUIIUTETA HAa CHPUCTO IIPU )Ka6I/ITC, HpCI[I/I?:BI/IKBaI\/'IKI/I IMMO-CUJIHU apUTMUYHU KOHTPAKIU.
Te yBenmuaBat npousBocTBoTO Ha ROS B C2C12 Muobmactute, YMuTO e(peKTH HaMalsIBaT Ciel
obpuBane ¢ NIR. M nBaTa Bu/1a HAHOYACTHUIN B YEPHUS APOO HA IUTHX 3HAYUTEITHO CTUMYITHpaxa
DAO akTuBHOCTTa, KaTto To3u edekT ce ycunu cinen NIR oompuBane. GO He nexynmmpa
WHTAKTHUTE MUTOXOHIPUH Ha YEPHUS P00 OT IITbX, HO NPEAN3BUKA KOHLIEHTPALIMOHHO-3aBUCUM
cnan Ha AT®a3Hata aKTUBHOCT B 3aMpa3eHU/pa3Mpa3eHn MUTOXOHAPHH. ToBa MHOTOCTPAaHHO
M3cleBaHe MpeaocTaBs KirodoBa nH(popManms 3a noteHuana Ha GO 3a pazHooOpa3Hu
MIPUITOXKCHUA B 6I/IOJIOFI/I‘IHI/ITC CHUCTEMU.
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The identification of biomaterials that support appropriate cellular attachment, proliferation, and
functions is critical for tissue engineering and cell therapy. There is a growing interest in
functional organic/inorganic composites where a small amount of nanometer-sized material yields
better physicochemical properties for cells to attach, grow, and differentiate. In this work, we
prepared polymer/nanodiamond composite layers based on hexamethyldisiloxane and detonation-
generated nanodiamond (DND) particles, in which the particles were either embedded into a
polymer matrix or deposited on the preliminary formed plasma-polymerized (PP) layer. The
surface properties of composites, such as roughness and wettability, as well as adhesion, growth,
and functions of osteosarcoma MG-63 cells and primary rat mesenchymal stem cells were studied.
We aimed to investigate the influence of the incorporation methods of DND into the polymer on
the material surface properties and the cell response in order to control them by manipulating
diamond-containing composite surfaces. We found differences between both composites in respect
to their physicochemical properties and to the cell behavior suggesting that the method of particle
incorporation into polymers should be taken in account during the development of new
biomaterials for a specific application.

Wnentudunrpanero Ha bnomaTepraiv, KOUTO OCUTYPSABAT MOIXOASIIO KIETHYHO MPUKPEIIBAHE,
npoaudeparnus 1 GyHKIIUH, € OT pelaBaio 3HaueHHe 3a ThKaHHOTO WHXEHEPCTBO U KJIEThYHATA



Tepanus. HapacTBa nHTEpeChT KbM (DYHKIITMOHATHUTE OPTaHUYHH/HEOPTaHUYHU KOMITO3UTH,
KBJICTO MAJIKO KOJIMYECTBO HAHOMATEPHAI JIaBa Mo-100pu (PU3UKOXMMHUYHHU CBOHCTBA,
HEOOXOIMMH 3a MPUKPEIBaHE, PaCTeX U qUdepeHIMaIMs Ha KiIeTkuTe. B Ta3u pabora Hue
MOATOTBUXME MOJIMMEPHH/HAHOIMAMAaHTCHN KOMITIO3UTHH CJIOCBE Ha 0a3ara Ha
XEKCaMETHIINCUIIOKCAH ¥ TeHEpUPaHU upe3 JAeToHanus Hanoauamantenn (DND) yactuim, kato
YyacTUIKTe 0s5Xa UK BrpajicH! B MMOJMMEpPHA MATPHIIA, HIIH OTIOXKEHU BHPXY NPEABAPUTEITHO
o0Opa3yBaHus 1ta3MeHo-nonnMepusupan (PP) cioit. M3cneaBanm 65xa MOBEPXHOCTHUTE CBOMCTBA
Ha KOMIIO3UTHUTE, KATO TPANaBOCT U OMOKPSIEMOCT, KaKTO M aJXe3usl, PACTeK 1 (DYHKIINHU Ha
octeocapkoMHr MG-63 KIIETKY U TbPBUYHU ME3CHXUMHU CTBOJIOBU KJIETKH OT ILTBX. [lenTa Hu
Oellie 1a U3cieBaMe BIMSHUETO Ha METOIUTE 3a BKIFOUBaHe Ha DND B nonumepa BbpXy
MMOBBPXHOCTHHUTE CBOWMCTBA HA MaTepHaia U KJICThYHHS OTTOBOP, 32 J]a TH KOHTPOJIHpaME upe3
MaHUTYJIMpaHEe Ha KOMIIO3UTHU TIOBbPXHOCTH, ChIABPXKAIIY TuaMaHTH. OTKPUXME Pa3IuKu
MEX]Ty JBaTa KOMIIO3UTA [0 OTHOIICHHE HA TEXHHUTE (PU3NKOXUMHYHH CBOMCTBA U TIOBEJICHUETO
Ha KJIETKUTE, KOETO TIpe/Ioara, Ye METOAbT Ha BKIIIOYBAHE HAa YACTHUIIMTE B MOJHUMEPHUTE TPsIOBa
Jla ce B3eMe TIPEeABHU I IIPH pa3pabOTBAaHETO HA HOBH OMOMAaTEpHAIIN 3a CIICIU(DUIHO MPUIIOKEHHE.
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