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Tema na oucepmayuonnus mpyo: In Vitro edekTd Ha ONHOUJHU AHAITETHIU BBPXY
BHCKO030-€JIECTUYHUTE XapaKTEePUCTUKU HA aOPTHA CTEHA
OT IUTBX IPHU CTapeeHe U METaTOHUHOB Ae(UIIUT

Ynen na nayunomo xcypu: npod. nta umk. Ceerocnap ['anueB Hukonos

1. AKTyaTHOCT Ha M3CJIeIBaHUsA NPodIeM

Aprepunte ca KPbBOHOCHH CBJIOBE, IPE3 KOMTO IMPEMHHABAa KPbBTa OT CHPIIETO.
Aprepuannara creHa WMa TpH cios (riacta). Berpemmusar cioii (intima) e chcraBeH ot
CNHUTEITHN KIIETKH, cpeanusT (media) oT emacTWH W TIIaJAKM MYCKYJIH, a Hai-BbHIIHHSIT
(adventitia) ce cbCTOM OCHOBHO OT ChEAMHUTEIHA ThKaH.

Pasnukara BBB (QYHKIMHTE, pasMepbT W ChCTAaBHT Ha apTEPUUTE C€ IMPOMEHS B
3aBMCUMOCT OT PA3CTOSHHETO MM JO CBHPIETO. APTEPUHTE, KOMTO Ca B HEMOCPEACTBEHA
OJIM30CT JI0 CHPIIETO, BKIFOUBAMKHM a0pTaTa, Ca OTHOCHTEIHO IOJIEMH M CIIy’KaT OCHOBHO Karo
KpbBHA TpbOa. MarepuaabT Ha T€3W apTepuH € MpeodJiasaBaiio OT eACTHH, Karo Te HE Ce
IPOSIBSIBAT CaMO KaTO IMaCHBHM TPHOU. Te HENPEKbCHATO MPOMEHST JHAMEThpa CH, HapacTBaT
(IpOMEHAT pa3Mepa CH) M ce peMojenupar (MPOMEHST ChCTaBKMTE HAa Marepuaia CH), 3a Ja
ce aJanTupar KbM IIPOMEHHUTE B IOTOKA W HAJSATAaHETO. Pa3BUTHETO HA €KCIIEPUMEHTATHH U
TCOPETHYHH MOJICIM Ha TE3U TMPOIECH CBBP3aHH C XETEPOTCHHOCTTa W BUCKO3HOCTTA €
OCHOBHA II€JT Ha U3CIIEI0BATEINTE.

Upe3 U3MON3BAHETO HA CTATHCTHYSCKM METOAM B MEIWIIMHCKATa MpaKTHKa |
(dapmakoorusita Morar Ja ce TIIoJlydaT CTPOTH JIOKasaTejcTBa 3a e(EKTHBHOCTTA Ha
METOJIUTE 3a TUArHOCTHKA U JiedyeHrne. CTAaTHCTHUYCCKUAT aHAIN3 MOXeE J1a TIOBHUIIK HE CaMo
e(eKTUBHOCTTa Ha JaJ€H HOB METOJ 3a JICUeHHWEe, HO M e(PEeKTHBHOCTTa Ha paborara Ha
METUIIHTE.

Bcuuko ToBa mpaBu M3CIEIBAHUATA M aHAIU3UTE B JUCEPTAI[MOHHUS TPy BAKHU H
aKTyaJIHH.

2. CremneH Ha MO3HABAaHE HA CHCTOSIHMETO HA MpodJemMa

W3cnenoBarenckute mpobiieMu CBBP3aHU C U3Yy4aBaHETO Ha JAePOpMHUpPaHETO Ha
MeKUTe OMOJIOTMYHU THKAHM Ca Cpell Haili-uecTo cpemaHute B OmoMexaHukarta. JloOpe e
HN3BCCTHO, Y€ MCKHUTC THKAaHU Ca BUCKO30CIIACTUYHU KOMIIO3UTHHU MATCpHAIN CbCTABCHU OT
KJIETKU U eKCTpalenyIapHi MaTPHIIH, YECTO apaHKUPAHU B CIIOKHU T€OMETPUU, OOMKHOBEHO
HU3NUTBAlKM TOJIEMHM HATOBAPBAHUA IIPpU HOPMAJIHW W TIATOJOTMYHU  YCIIOBHA. B
OMOMexaHWKaTa HEMPEKbCHATO BB3HMKBAT HOBM TNPOOJIEMH 3a peliaBaHe M3UCKBAIU
HU3II0J3BAHETO Ha BCE IIOBCYUEC HUHTCIUICHTHHU HW CIIOXKHH aHAJIUTU4YHHU, YHUCJIICHH,
eKCIIEPUMEHTATHU U TEOPEeTUYHH TEXHUKU U Toaxoau. Hanpumep, B o6acTTa Ha ThKaHHOTO
UH)KEHEPCTBO, KOETO H3IMOJI3Ba IN VItr0 KOHCTPYKIMM HA €CTeCTBEHHM THKaHH, OW MOTJIO
MHOTO J0Ope Ja ce BB3IOJ3Ba OT aHAIM3 HHTETpUpaIll HEIMHEHHOTO MEXaHUYHO MOBEJCHHE
Ha MOJICKYJIPHO, KJICTBbYHO, TBKAHO M OpPraHo HHUBO. (DaKTquCKH, rojiaiamMa 4YacT OT
OMOJOTUYHUTE THKAHU MOKa3BaT (NMPUTEX,aBaT) €IaCTUYHO (IICEBJOETACTHYHO) TOBEICHUE
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NpU €IHO 33J0BOJIMTEIHO IIMPOKO BapUpaHe Ha ycioBHATAa. ETO 3amio, mo3HaBaHETO Ha
dbyHaaMeHTaTHUTE MPUHIMIIK HA HEIWHEHHATa eTacTUYHOCT € KJII0OYOBO B pa3OMpaHETO Ha
OMoMexaHMKaTa Ha MEKHUTE ThKaHHU.

B nureparypHus 0630p Ha qucepraimoHHus TpyA (o0eM oT 46 cTpaHHIM) ca JaJeHU
OCHOBHATa CTPYKTypa W OMOMEXaHHWKAa Ha aopTara, XapaKTePHCTUKUTE HA MEIATOHWHA U
HErOBOTO 3HAYEHHUE 3a apTepHaHaTa XOMEOCTa3a M MaTOJOTHUs; Pa3IielaHO € BIMSHUETO Ha
ONUOMIUTE BBPXY apTepUHTe, KAKTO W 3HAYCHHETO Ha aoprata OT IUIbX KaTo
excnepuMenTaieH Mozen. Cien kpas Ha Ta3u ryaBa ca GopMyJIHpaHH IenTa U 3-Te 3aJa4u B
JMCepTallMOHHUs Tpyd. Te ca cBbp3aHu ¢ IN VItr0 wu3cieaBaHe Ha HW3MCHEHHETO Ha
BUCKO30€JaCTUYHUTE XapaKTUPUCTUKU Ha a0pTHA CTEHA OT IUIBX B 3aBUCUMOCT OT BB3pacTTa,
MEJIATOHUHOBHS AC(UIIUT U KOHIICHTPALIMATA HAa ONTUOUIHHA aHAJITCTUIIH.

OOmusaT Opoit HAa MUTHUPAHWUTE W3TOYHHMIM B aucepranusta ¢ 341 (KHWTH, CTaTHH,
JIMCEPTAIU ¥ PbKOBOJICTBA, TPUTE CTATHH [0 JUCEPTAIIUATA), BCUYKH Ha JIATUHHIIA, KATO 1M0-
roJjsiMara 4acT ca myonukyBaHu npe3 nocienuaure 10-12 ronunu. ToBa 1aBa ocHOBaHUE Jia ce
TBBP/IH, Y€ TOKTOPaHT AHzpesH ['eoprrueB MHOTO 0Ope € U3y4lil U TI03HaBa ChBPEMEHHOTO
CHCTOSIHHE Ha W3CIIeIBAaHUS MPOOIIEM.

3. O6ma MeToaMKa HA U3BbPIIEHUTE U3CJIeIBAHNS

B rnaBara ,Matepuaniu u meronu (o0eM oT 16 cTpaHHIM) ca IMOCJIEIOBATEIHO
omucaHu: 1) U3MOI3BaHUTE B CKCIICPUMEHTUTE KUBOTHH (31paBu, Mbxku Wistar mibpxose) u
npenapaTty; 2) METOANTE 3a U3CJeIBaHEe Ha BUCKO30€IAaCTHYHUTE XapaKTEPUCTHUKU — METOIBT
Ha TPHHYJICHUTE TPEHTEHHS M METOABT 3a M3CJIC/BAaHEe HAa ChKPAaTHTEIHATa aKTUBHOCT; 3)
METOANTE 3a CTAaTHCTUYECKH aHAIU3 Ha TOJYYCHUTE TPU EKCIHEPUMEHTUTE JaHHH —
JICCKPUIITUBHUA U CPABHUTEHU, U ChOTBETHUTE KOMIMIOThpHH codryepu Minitab u GraphPad
Prism.

B cnenBamara rnaBa ,,Pesyntaru” (oGem ot 47 cTpaHuIM) ca CpaBHEHU
I'BPBOHAYAITHO  BHCKO30€JIACTHYHUTE XapaKTePUCTUKU (CpeaHH CToWHOocTH Ha FE'-
JTUHAMAYHUS MOy Ha enacTiuaHocT U f) - coOcTBeHaTa yectora Ha TpenteHe) Mexay 3-, 14-
u 18-meceunu 3apaBu (sham-omepupanu; n=11,7;4) u mnuHeareKTOMUpaHu (pin-
onepupanu; n=15;7;4) Wistar rurbxoBe 0e3 mpwiaraHe Ha ONHUOWIHU AHAJITETHIIH.
PesynraTute B 3aBUCIMOCT OT €KBHBAJICHTHOTO KPBBHO HAIIATAHE Ca MPEICTaBeHU oT Ourypu
11 no 14, n Tabmuum 4 1o 6. OTyeTeHO €, e Bb3pacTTa OKa3Ba 3HAUNTENCH e(heKT BbpXy £’
Ha 18-MeceyHHTe ITBXOBE, HO HE M BBPXY f;. 3a IBETE OT/HENHM HHMBA HAa €KBHBAJEHTHOTO
kpbBHO Hansrane — 80,5 u 157,5 mmHg xoepuiuenTsT Ha BHUCKO3HU 3aryOu () He ce
pa3nuyaBa 3HAYUTEITHO MEXIY JBETE BB3pacToBH rpynu- 3 u 14 meceunu. [Ipu uzcnenBane
Ha BIUSHUETO Ha MEJIATOHUHOBUS J1e(ULIUT 32 TPU MECEUHH KUBOTHU OT sham (n=3) u pin
(n=4) rpymure, He € OTKPHTA CHUIECTBEHA Pa3JInKa MEXKIAY KOHTPOJIHUTE M3MepBaHus. B pin
rpynara cobcrBeHara yecrora ( f,) HapacTBa JHMHEHHO C yBelnM4YaBaHE Ha CKBHBAJCHTHOTO

KPBbBHO HaysiraHe (p), JOKATO JWHAMHYHHAT Monayn Ha enactuyHocT (E') HapacTBa
excrioHeHManHo. [Ipu nmo-ronsima u3Baaka 3a sham u pin rpynute Ha 3-, 14- u 18-meceunu
IUTbXOBE, C€ YCTAaHOBSIBa, 4Ye B CpaBHeHWe ¢ Sham omnepanusTa, HHHEATCKTOMHSITA
(MenaTOHMHOBUS Ae(PUIIMT) BOAM A0 3Ha4YWTelIHO HamaieH E' B 3- (p<0.001) u 18-

meceunute (P < 0.05) BB3pacToBU rpynu, qokarto f; e 3HauMTenHO HamaneHa camo B 18-
MmeceuHara rpymna ( p < 0.001).

3a u3cieqBaHe BIMSHUETO HAa ONMUOUIHMUTE AHANTETULM (PEHTAaHWJI U Tpamajaoll, U
TEXHUST KOHIICHTPAIIMOHEH €(EeKT CIPSAMO BUCKO30€IACTUYHUTE XapaKTePUCTUKH Ha a0PTHU
npenapaTd  ca  NPOBEJICHM  EKCIIEpUMEHTH CbC  37paBu  (sham-omepupanu) u
nuHeaseKToMupanu (pin-onepupanu) Wistar miubxoBe npu J1Be Bb3pactu (3 u 14 meceunn).



YCTaHOBEHO €, Ye HAapacTBAIUTE KOHIEHTpamuu Ha ¢enranmn (107°, 10°, 107 u 5x107
mol/L) BOAAT /10 MHOTO MO-HMCKM CTOWHOCTH Ha f, B cpaBHEHHE ¢ KOHTPOIHOTO M3MEpBaHe

eJMHCTBEHO NpM Hai-BUCOKAaTa KOHLeHTpanus Ha ¢enranun or 5x107 (107°%) mol/L
(p<0.035). ChiiecTByBa JIMHEHHO HapacTBaHe Ha f, ¢ yBelMuaBaHEe Ha €KBHBAJICHTHOTO

apTepuanHo KpbBHO HassiraHe. OT cBos cTpana, E’ € 3HaunTesHO MO-HUCHK (P < 0.05) mpu

BCUYKHU MPWJIATAaHW KOHIICHTPAIIMK Ha ()EHTAHWI B CPaBHEHUE C KOHTPOJHOTO M3MEpPBAaHE B
sham rpynara. B pin rpymnara KOHTpOJHOTO M3MEpBaHE MOKa3Ba, ue f, € 3HAYUTEIHO IO-

HUCchK caen 30-mmHyTHaTta Tepdy3us ¢ 4YuCT XpaHuTeleH pa3tBop (P <0.015), cmex
nocjeHaTa TMPHIIOKEHA KOHIIGHTpanus Ha ¢eHTaHwi, a E’ ¢ 3HaYuTeTHO IO-HUCHK B
CpaBHEHHE C KOHTPOIHOTO U3MepBaHe B pin rpynaTa mpu 10~ mol/L derranun ( p < 0.035).

EdexrsT Ha Tpamagon B sham rpynara Ha 3 MeceYyHUTE IUTHXOBE MPHU HAPACTBAIIU
KOHIIEHTPAIIUU TPamajoll (107, 10°, 10°, u 5x10°° mol/L) Boau 10 CTaTUCTUYECKH
3HauuMH npomenu camo B E’, Ho He m B f,. B rpynara na 3-meceunute, pin-onepupanu

IUTBXOBE HSAMa 3HAYMTENHA NPOMsIHA B cpeaHuTe croiHocTn Ha f, mw E' cmopsmo

KOHTPOJIHUTC.

4. IlpyHOCH B IMCePTALIMOHHUS TPY/
[Ile oTKpoOs crenHUTE MPUHOCH:

- YCTAaHOBEHO €, 4Ye MOAyJalusaTa Ha apTepHaHUTe MEXaHWYHH CBOICTBa TIpU
(bapMakoJIOTHYHO Bb3/IEHCTBHE ¢ (PEHTAHWII U TPaMaJl0Jl, 3aBUCH OT Bb3pacTTa U HAJIMYUETO
Ha MenaToHWHOB AeduuuT. ETO 3amo mpu KIMHUYHO TpWiiarane TpsiOBa Ja ce M3MOJ3Ba
WHAMBUYAJIN3UPaH MOIXO IIPU OMMOUIHA aHAJITe3us;

- YCTAaHOBEHO €, 4e in Vitro (eHTaHWn AeiicTBa MO HEONMHOWJCH W CHIOTEI-HEe3aBUCHM
MEXaHU3bM KaTO JUPEKTHO HaMassiBa BUCKO30€JACTUYHUTE XapaKTEPUCTUKU B MEIUATHUA
CIIOM Ha aopTHara CcTeHa. TpaMagos ChOIO JEWCTBA BBPXY BHCKO30EIACTHYHUTE
XapaKTepUCTUKH HE3aBUCHMO OT €HJA0TeNla, HO C MperosiaraeM ONMHMOMJIEH MEXaHU3bM U
MIPOTHBOIIOJIOKHA MTOCOKA HA €()eKTa B 3aBHCUMOCT OT KOHIICHTPALIUSATA.

S. Ilpenenka Ha My0JIMKALMUTE 10 AUCEPTALHOHHHSA TPy

JIOKTOpaHTBT € MPEJCTAaBWJI CIUCHK OT TPU H3JIE3JIM OT medar myonukanuu: 1.
Georgiev A, Kaneva M, Shikova L, Antonova M. Experimental estimation and comparison of
viscoelastic characteristics of rat aorta in vitro. Ser Biomech. (2022), 36(1):86-97.
doi:10.7546/SB.12.2022; 2. Georgiev A, Kaneva M, Shikova L, Mateeva P, Tchekalarova J,
Antonova M. In Vitro Effects of Fentanyl on Aortic Viscoelasticity in a Rat Model of
Melatonin Deficiency. Int J Mol Sci. (2024), 25(11):5669. doi:10.3390/ijms25115669; 3.
Antonova M., Georgiev A, Totev T. A device for implementation of the forced oscillation
method on strip preparations of biological tissues in vitro in prolonged experiments. J Theor
Appl Mech, Sofia. (2024), 54:159-171. doi:10.55787/jtams.24.54.2.159 . B Te3u myOaukanuu
ca OTpa3eHM IMO-TOJIMAaTa 4YacT OT pe3ydTaTuTe B AucepTanusTa. Bcuuku cratum ca B
ChaBTOPCTBO C HAyYHHUS MYy PBKOBOAMTEN M Jpyru yueHu u umat SJR. B nBe myOnmxanuu
JIOKTOPAHTHT € NMpbB aBTOp. [lyOnukannonHara neiiHoct Ha mar. ¢apm. AnapesH ['eoprues e
1[06pa U TMOKpHBa HAIIbJIHO MHWHUMAJIHUTC 3aABJDKUTCIHU HW3UCKBAHUA TIOCOUYCHU B
MpaBWJIHMKA 3a YCJIOBUATA U pela 3a MpuAoOMBaHE Ha HAYYHM CTENEHU U 3a 3aeMaHe Ha
aKaJeMUYHU JnbxHOCTH B BAH, u B wactHoct B HCcTUTYTa 110 HeBpoOuoiorus npu bAH.

ABTopedepaTbT OTrOBaps Ha ChABPKAHUETO HA AUCEPTALMITA.

6. Kpuruunm Gesiexku
Kputnunure mu 0eiexKy MOTar Jia ce pa3AelisT Ha ChIIECTBEHH U TUTIOTpadCKu.



Covuecmeenume ca.

» mnpuHOCHTE B qucepranusaTa He ca nobpe ¢opmynupanu. [Ipu m3nonsBane Ha
CTaTHCTHKA, XapaKTepbT Ha U3BOJUTE € BEPOSITHOCTEH, KaTO CE /1aBa OI[EHKA Ha BEPOSTHOCTTA
Ha €JIHO WJIM JIpYyro npenmnoisiokeHue. OT TOBa, Y€ BCEKU CTaTUCTUYECKH METOJI CE OCHOBaBa
Ha COOCTBEHM MaTE€MaTHYHU MOJIEIH, TO PE3yATATUTE OT HEro ca BEpHHU JOTOJIKOBA KOJKOTO
TO3U MOJIEN OTTOBapsl Ha JEMCTBUTEIHOCTTA,

P upe3 perpecMOHHHUS aHAJIU3 MOXKE /1a Ce OIICHM KakK e/lHa MPOMEHJIMBA 3aBUCU OT
Jpyra M KakBO € pa3ceiBaHETO Ha 3aBUCHMAaTa I[POMEHJIMBA OKOJIO IIpaBa oOIpejaessiuia
3aBucuUMOCTTa H. Ilpu oleHkara chIIeCTBYBAaT JOBEPUTEIHU HHTEPBAIM, YpE3 KOUTO C€
ompenenss TOYHOCTTa Ha mpenckazBanusta. OT CBOS CTpaHa, YYBCTBUTEIHOCTTAa Ha
JTUCIIEPCUOHHMSI aHAIM3 3aBUCH OT: Opos Ha TpyNHTe, TSIXHATa TrojieMuHa (YHCIEHOCT),
HHMBOTO Ha 3HAYMMOCT M BeJIMYMHATA Ha pa3iuuue. B nucepranusara Te3uW HElla HE ca
U3SICHEHHU.

Tunozpagpckume ca:

® B jucepTanusiaTa ce 3a0esi3BaT MPaBOMMCHU U CTHIIOBH rpemku. [IpenopbruBam Ha
JMCepTaHTa Jla TH MOTIPaBU MPeIy a Mpeaae aucepranusata B ondmunorekara u HAIIW/I;

e ¢ur. 10 ot qucepranusiTa € HESACHA,

® HoMepanuara Ha ¢uUrypute W TaONMIUTE B JAUCEpTalUsATa M aBTopedepara e

pa3nuyHa, KOETO 3aTpyaHsBa uuTartens. B kpas Ha aBropedepara JHIICBAT

UTUPAHUTE JTUTEPATYPHU U3TOYHUIIM B HETO.

7. 3akia04enune

He no3naBam Annpusn ['eoprues I'eoprueB u HAMaM IPEKU JIMYHU BIIEYATICHUS 3a
aKaJJIEMUYHOTO MYy pa3BUTHE. PerneH3upaHusT AucepTallMoOHEH Tpya obadye MU JaBa
yOEXKJIEHUETO, Y€ TOW MpUTEKaBa HEOOXOJIMMHUTE KauyecTBa W 3abJI0O0YCHU IMO3HAHUS IO
cneuuanHoctra. CmsaTaM, 4ye coOOCTBEHUTE MY ITPUHOCH B 00JIaCT Ha BUCILIETO 0Opa3oBaHue 7.
»3JpaBeoria3Bane u cropt’, npodecuoHaaHo Hampasienue 7.1. ,MemunuHa” mo Hay4dHa
cnerpantoct ,,dapmakonorus’ ca JOCTAThUHU 3a MOJIy4aBaHe Ha 0Opa3oBaTelIHATA U HAydHA
crernieH “nmokrtop”. Ilopaou moea, oasam nonoxcumenna oyeHKa HA RPEOCMABEeHUA MU 3d
cmanosuwe OucepmayuoOHen mpyo u nPenopvYeam HA NOYUMAEMOMO HAYYHO HCYypU 0a
npucvou na mae. gapm. Andpuan I'eopecuee I'eopcuee obOpazoeamennama u HayyHa
cmenen “0okmop”.

29.04.2026 ropx. MB3rOTBUI CTAHOBHUILIETO: ....ccevvvreeeneeeeeeerrreneeeeenes
rp. Codus /mpod. nu CBerocnas I'. Hukonos/
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ATTITUDE

on Doctoral thesis in the field of higher education 7. “Public health services and sport”,
professional direction 7.1. “Medicine”, by scientific speciality ‘“Pharmacology”

Author of doctoral thesis: master pharm. Andreyan Georgiev Georgiev

Subject of doctoral thesis: In vitro effects of opioid analgesics on the viscoelastic
characteristics of rat aortic wall during aging and melatonin
deficiency

Member of the scientific jury: Professor DSc Svetoslav Ganchev Nikolov

1. Relevance of the problem

Acrteries are the blood vessels that carry blood away from the heart. The wall of an
artery consists of three layers. The inner layer (intima) consists of a single layer of epithelial
cells, the middle layer (media) contains elastin and smooth muscle, and the outer layer
(adventitia) is composed mainly of connective tissue.

Reflecting differences in function, the size and composition of arteries change with
distance from the heart. Arteries near the heart, including the aorta, are relatively large and
serve primarily as conduits of blood. The walls of these "elastic arteries” are dominated by
elastin. Hence, arteries are not merely passive tubes. Besides actively changing their diameter,
arteries grow (change size) and remodel (change material properties) to adapt to changes in
flow and pressure. Developing theoretical models for these processes, while accounting for
heterogeneity and viscoelasticity, is a challenging and ongoing endeavor

Using statistical methods in the medical practice and pharmacology give us resources
to obtain rigorous proofs for efficacy of the diagnostic and medical treatment methods. With
the statistical analysis can be increased not only the work efficacy of a method but also the
work efficacy of medical mans.

Because of that the investigations and analysis in the dissertation are very important
and actual.

2. Level of knowledge of the investigated problem

Problems involving the deformation of soft biological tissues are among the most
challenging in biomechanics. Soft tissues are viscoelastic composite materials composed of
cells and extracellular matrix, are frequently arranged in complex geometries, and routinely
experience large strains under normal and pathological conditions. As the discipline of
biomechanics matures, new problems continually appear that demand more and more
sophisticated analytical and numerical solution techniques. For example, the field of tissue
engineering, which deals with in vitro construction of natural replacement tissues, could
benefit greatly from analyses that integrate nonlinear mechanical behavior at the molecular,
cellular, tissue, and whole organ levels.

Although soft tissues actually are not elastic, investigators often incorporate elasticity
as a simplifying assumption. In fact, many tissues exhibit approximately -elastic
(pseudoelastic) behavior under a fairly wide range of conditions. Hence, knowledge of the
fundamental principles of nonlinear elasticity is crucial to understanding the biomechanics of
soft tissues.


Вх.№ 198 / 29.04.2026г.


In the literature review of the doctoral thesis (quantity 46 pages) the basic structure
and biomechanics of the thoracic aorta are represented.; characteristics of melatonin and its
importance for the arterial homeostasis and pathology; it is considered the opioid analgesics
influence under arteries and the Wistar rat thoracic aorta significance as an experimental
model. Next, the goal and three tasks of the doctoral thesis are defined. They are: in vitro
investigation of viscoelasticity of the rat aorta layer as function of the age, melatonin deficit
and the opioid analgesics concentration.

The number of citations in the dissertation is 341 (books, papers, PhD thesis’s and
three papers from its dissertation). More of them are published in the last 10-12 years. Thus, |
think that the PhD-student Andreyan Georgiev know very well the actual statement of the
investigated problem.

3. General methods used in thesis investigations

In Section “Material and methods” (quantity 16 pages) are presented: 1) the used in
experiments the health male Wistar rat and preparations; 2) the used methods for investigation
of viscoelastic characteristics — the method of constrained oscillations and the method for
investigation of contracting activity; 3) the methods for statistical analysis of the obtained
experimental data — descriptive and comparative ones, and software’s Minitab and GraphPad
Prism.

In the next Section “Results” (quantity 47 pages) the viscoelastic characteristics
(average values of E’ - dynamical module of elasticity and f, - natural frequency of

oscillation) for 3-, 14- and 18 monthlies health sham, n=11;,7; 4 and pin. n=15;7; 4 rats
when the concentration of opioid analgesics is zero. The corresponding results (which depend
from the blood pressure) are shown in Figs. 11, 12, 13 and 14q and Tables 4,5 and 6. It is
taken into consideration that the age has only a considerable effect for £’ of 18 monthly rats.
For both different blood pressure levels 80,5 u 157,5 mmHg the coefficient (4) of loss of
viscosity is one and same for the both age groups — 3 and 14 monthlies. Investigating the
melatonin deficit for 3 monthlies rats from sham (n=3) u pin (n=4) groups, it is obtained
that some essential difference between control measures is missing. For pin group f, linearly
increase and E' increase exponentially. For a larger excerpt of sham and pin groups from 3-,
14- u 18- monthlies rats it is obtained that in result of melatonin deficit decrease dramatically
E' for 3 (p <0.001) and 18 ( p < 0.05) monthlies rats. Note that f, is essentially small only

for 18 monthlies group ( p < 0.001).

For investigation of the influence of fentanyl and tramadol, and its concentration effect
about viscoelasticity of the aorta preparations experiments with healthy 3 and 14 monthlies
(sham and pin) Wistar rats are made. It is obtained that increased fentanyl concentrations

(107, 10°%, 10" u 5x10" mol/L) provoked very small values of f, in comparison with the
control measurer only for the highest concentration of fentanyl from 5x107 (107*%) mol/L
(p<0.035). f, linearly increase in result of increasing of the equivalent arterial blood
pressure. On the other hand, E’ is essentially smaller (p <0.05) for all used fentanyl
concentrations comparing with the control measure in the sham group.

The control measure in pin group shown that f, is very small after 30 min perfusion
with pure nutritive solution ( p < 0.015), after the last applied concentration of fentanyl. Also,

E' is very smaller comparing the control measure in pin group for 107 mol/L ¢enTanmn
(p<0.035).



The tramadol effect in the sham group of 3 monthlies rats (107, 10°, 10, u 5x10°°
mol/L) provoke considerable changes only in E". In the pin group of 3 monthlies rats the
average values of f;, and E’ are approximately one and same.

4. Contributions in doctoral thesis
I will remark only few of them:

- it is established that the modulation of the arterial mechanical properties with
pharmacological influence of fentanyl and tramadol depends from the age and the
melatonin deficit. Hence, in clinical application of opioid analgesics an individual
approach must be applied;

- it is established that in vitro fentanyl acting independently under the viscoelasticity of
the aorta layer- the middle layer (media). The tramadol also acting under the
viscoelasticity independently from the outer layer (adventitia), but with opioid method
and a opposite direction of the effect which depends from the concentration.

5. Estimation of publications
PhD student Andreyan Georgiev is presented three papers:

1. Georgiev A, Kaneva M, Shikova L, Antonova M. Experimental estimation and comparison
of viscoelastic characteristics of rat aorta in vitro. Ser Biomech. (2022), 36(1):86-97.
doi:10.7546/SB.12.2022;

2. Georgiev A, Kaneva M, Shikova L, Mateeva P, Tchekalarova J, Antonova M. In Vitro
Effects of Fentanyl on Aortic Viscoelasticity in a Rat Model of Melatonin Deficiency. Int J
Mol Sci. (2024), 25(11):5669. doi:10.3390/ijms25115669;

3. Antonova M., Georgiev A, Totev T. A device for implementation of the forced oscillation
method on strip preparations of biological tissues in vitro in prolonged experiments. J Theor
Appl Mech, Sofia. (2024), 54:159-171. doi:10.55787/jtams.24.54.2.159 .

In these papers are included all important results from the doctoral thesis. All papers are
written with coauthors and with his supervisor assoc. professor M. Antonova and have SJR.
In two papers Andreyan Georgiev is first author. He has a very good publishing activity
which satisfy minimal requirements pointed in official documents of BAS and Institute of
Neurobiology, BAS.

The autoreferat has the same information as the doctoral thesis.

6. Critical remarks

My critical remarks can be divided as essential and typographs

Essential ones are:

» the contributions in doctoral thesis are not define very well. When we use statistic,
the character of the conclusions is only probable, as it gave probability of one speculation.
Because everyone statistical method has owner mathematical models, then the obtained
results are correct in the limits of the used real model;

» with the regression analysis we can evaluated how a variable depends from another
one and what is the dissipation of the dependent variable near a line determine its dependence.
For the evaluation confidential intervals exist which determine precision of the prediction.
Also, the dispersion analysis sensibility depends from: the groups number, its size (hnumbers),
the level of significance and the value of distinctions. These problems are not explained in the
doctoral thesis.

Typographic ones are:

e in the doctoral thesis some spelling and stylistic mistakes can be found. I
recommend of the author to eliminate it in the final form for library;

e Figure 10 in the doctoral thesis is not clear;



e the numbers of the figures and tables in the doctoral thesis and autoreferat are
different and this is a problem for the reader. In the end of the autorefearat list of
references must be added.

7. Conclusion

I don’t know Andreyan Georgiev Georgiev and haven’t some personal impressions for
its scientific career. But the reviewed doctoral thesis gave me a conviction that Andreyan
Georgiev has the necessary qualities and careful knowledge in this specialty. | think that his
contributions in the field of higher education 7. “Public health services and sport”,
professional direction 7.1. “Medicine”, by scientific speciality “Pharmacology” are sufficient
to obtain the PhD degree. Because of that I give my positive estimation of the reviewed
doctoral thesis and I recommend of the scientific jury to confer on Andreyan Georgiev
Georgiev the educational and scientific degree “doctor”.
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