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JucepTailisi IpUCBSUEHA JOCTIPKEHHIO BIUIUBY (POTOO10OMOIYIISIIINHOT Tepamii
Ha OlOXIMIYHI MpPOLECH Yy KIITHHaX KPOBI LIypiB 32 YMOB €KCIIEPUMEHTAIbHOIO
IIYKpOBOI'O J1ia0eTy.

[{ykpoBuit niaber — rpyna MeTaOOMIYHHMX 3aXBOPIOBaHb, SIKI € HACIIIKOM
nedeKTIiB cekpellil 1HCYIiHY, Ail IHCYIiHy a00 000X IIUX YMHHUKIB, 110 MPU3BOIUTH
70 TIJIBUIIEHHS PIBHSA TJIOKO3W Yy KpOBI. XpOHIYHA TIMEPriiKeMis CHPUYHUHSIE
HNOPYILIEHHS! Ta MOUIKOJKEHHS JIeIKMX OpraHiB Ta TKaHMH 30KpeMa Ouei, HUPOK,
ceplsl Ta KPOBOHOCHUX cyauH. Hapasl iCHye BenMka KUIbKICTh MpenapariB, IO
pU3HAYEH1 JIJIs1 KOHTPOJIIO PIBHS TJIIOKO3HM y KPOBI Ta TOJICTIICHHS CTaHy MaIli€eHTa,
MpoTe Taki MpemnapaTd 4acTO BHUSABIAIOTHCS HEIOCTaTHbO €()EeKTHUBHHUMU Ta MAarOTh
no6iuHi edextu. Bapro 3a3HaunMTH, 110 HaaMIpHA HEKOHTPOJbOBAaHA MPOJYKLIIS
akTUBHUX (opM OKCUTeHY Ta PO3BUTOK OKCHIATUBHOTO CTPECY, 30KpEMa y KIITHHAX
KpOBI, € KIIOYOBUM (PAKTOpOM BHHHMKHEHHS 0araThbOX YCKJIaJHEHb I[YKPOBOTO
niabeTy Ta maToreHesy 1boro 3axBoproBaHHs. CaMme ToMy, 1S 3a1100ITaHHS PO3BUTKY
n1a0eTUYHUX YCKJIQJAHEHb BaXJIMBO HE JIOMYCTUTH PO3BUTOK OKCHUIAATUBHOIO CTPECY.
Jlis  1mhOro  3aCTOCOBYIOTH CHOMYKHM 3 AHTHOKCUJAHTHHUMH BJIACTUBOCTSIMH,
Hanpukian nonidenonu. ToMy Haa3BHUaHO BaKJIMBUM € MMOIIYK HOBHX METOJIIB
MOJI0JIAHHS TINepriiKeMil Ta MOJErmeHHs CYIyTHIX YCKIaAHEHb IlyKpOBOro JiadeTy,
BUKJIMKAHUX PO3BUTKOM OKCUAATUBHOTO CTPECY.

doTobiomomysiiiina Tepamis (PBMT, HU3BKOIHTEHCHBHA CBITJIOBA Tepartis)
[OJIATA€ Y BUKOPHUCTAHHI CBITJIa BUAUMOI (1IHOAI 1H(PPAYEpPBOHOI) AUISHKU CIIEKTpA.

CBiTyioBa Tepamisi € OJHUM 3 HaWJABHIMIUX TEPANeBTUYHUX METOMIB, IO



BUKOPHUCTOBYIOTHCS JIFOJIbMU (ICTOPUYHO SIK COHAYHA Teparisl y €rUuMTsH, Mi3HIIIE SK
ynbTpadioneToBa Teparis, 3a sky Hinbc diHceHn orpumaB HoOemniBChbKy mpeMiio B
1904 poui). BuxopucranHs Ja3epiB 1 CBITJIOMIOMIB SK JKEped CBITJIA CTaJIo
HACTYITHUM KPOKOM TEXHOJIOTIYHOTO PO3BUTKY CBITJIOTeparmii, s$ka 3apas
3aCTOCOBY€EThCS Y BCboMy CBITI. st ®BMT nuTtanHs monsrae BKe HE B TOMY, YH
Mae CBITJIO0 OiosoTiuHI e(heKTH, a K eHepris BiJ ja3zepa ado CBITIOAIOA TPAIOE HA
piBHI KJIITUHU Ta OPraHi3My, 1 sIKi ONTUMAaJIbHI MTapaMeTPHU CBITIA JIJIsl BUKOPUCTAHHS
UX PI3HUX JpKepen cBiTia. Takuil Buj Teparii € HEiHBa3UBHUM Ta JEMOHCTPYE
HU3KY MO3UTUBHUX e(eKTiB (aHTHOAKTepianbHa, MpOoTU3analibHa Ta AHTUOKCUIAHTHA
i1, akTuBallis npoiideparlii KIITHUH Ta CUHTE3y KOoJIareHy Ta iH.), 110 JI03BOJISIOTH il
MOTEHI[IHE 3aCTOCYBaHHS IS JIIKYBaHHS 11a0€TUYHUX MOPYILIEHb.

dorobiomoayssLiiiHa Tepamiss B YKpaiHl Hapa3l BHKOPUCTOBYETHCS IS
JIKYBaHHS IIUPOKOTO CIEKTPY 3aXBOPIOBaHb, MPOTE HaWyacTilie JUIe SK
nonomixkHa JaHka (iziorepamii. [IOBHOLIIHHOMY 3acTOCYBaHHIO, TEpPII 3a BCE,
NEPEIIKO/KAE HEJOCTaTHS 3’SICOBAHICTh MOJICKYJISIPHUX MEXaHI3MIB  BIUIMBY
dboTobiOMOTYIIAIIMHOT Tepamii Ha kKuBI 00’ €KTH. ICHye 0arato eKCrepuMeHTAIbHUX
JTOCHIIKeHb, Kl MOBIJOMJISIOTH MPO MO3UTUBHUM BIUIMB (POTOOIOMOAYIAIIIHOT
Tepamii Ha 3aro€HHs paH Ta 3amoOiraHHs OakTepiaibHUM iH(ekiisM. Came ToMy
GoTOOIOMONYINSIINHY Tepamilo 4YacTo 3aCTOCOBYIOTh Yy XIpyprii, Xoda Take
3aCTOCYBaHHS 0arato B YOMY € eMITIPUIHHM.

[Teprie, Ha 110 BIUIMBAE TIMEPIIIKEMis Ta OKCHIATUBHUN CTPEC 3a IYKPOBOTO
niabeTy — 1€ cucTeMa KpoBi. 3MIHU Y CTPYKTYpi MEMOpaH €pUTPOLUTIB, HOPYILICHHS
3B’sI3yBaHHS KUCHIO 3 TEMOTJIO01IHOM Ta MOAM(IKAIIS MEXaHIYHUX XapaKTEPUCTHUK €
HACJIIZIKOM BIUTMBY Tinepriikemii Ha eputporuTd. HagmipHa abo HemocTaTHA
dbyHKI[IOHAIbHA ~ AKTUBHICTh  JICHKOLIUTIB MPU3BOJIUTH IO 1 BUIIEHOL
CHPUMHATINBOCTI 10 1H(MEKIIM y XBOpUX Ha I[yKpoBuH niaber. Xoda iCHYe BeJMKa
KUIBKICTh  JOCIIJPKEHh aHTUOKCUJAHTHUX BJIACTUBOCTEH (HOTOOIOMOMYISALIINHOT
Tepamii, i BIUIUB HAa CHCTEMY KpOBI 3a YMOB IIyKpPOBOTO [ia0eTy 3ajuIIaeThCs
HEJIOCTATHBO JOCIIHKECHUM.

3BaKalouM ~ HA  BUILIEBKAa3aHI  apryMEHTH,  JIOCHIIPKEHHS  BIUIUBY

doTobiomomysIiiiHOT Teparii Ha 610XIMIYHI MPOIIECH Y OpraHi3mi (Ta KIIITUHU KPOBI



30KpeMa) 3a HOPMHU Ta YMOB IIYKPOBOTO J1a0€Ty JO3BOJIUTH 3’ SICyBaTH MOJIEKYIISIPHI
MexaHi3MU A1 (oToOIoMOyIAIINHOT Tepallii Ta oOrpyHTYBaTH ii 3aCTOCYBaHHS SIK
e(EeKTUBHOTO Ta HEIHBA3MBHOI'O METOAY JIKYBaHHS IIYKpPOBOro Jiabery Ta Horo
YCKJIQAHEHb.

Mertoro  Hamoi  poboru  Oyino  gocaiauTH  OloXiMiuHI  edeKTH
(doTobioMOAYNIAIIIHOT Teparlii 32 yMOB €KCIIEPUMEHTAIBHOTO IIyKPOBOTO J11a0eTy.

Y auceprartiiiiHiil po60Ti JOCTIAKEHO BIUIMB (HOTOOI0OMOIYAIINHOT Teparii Ha
OKpeMI TeMaToJIOT14H1 MOKAa3HWKHU 3a YMOB IIYKpOBOro aiabery. BcraHoBieHo, 110
dorobioMoaynALiifHa Teparmisi MO3UTUBHO BIUIMBAE Ha POOOTY CHCTEMH EPHUTPOHY,
30KpeMa BUSIBJICHO 30UIBIICHHS KITBKOCTI €PUTPOIMTIB Ta 3MEHIIEHHS KUIBKOCTI
PETUKYJIOLHUTIB Y UIyPIB 32 YMOB €KCIEPUMEHTAIBHOTO 1yKpoBoro aiadety (EL/I) Ta
nii ®BMT. Tako BCTaHOBJICHO MiJIBUIIIEHHS CTIKOCTI MEMOpPaH €PUTPOLIUTIB 10 Ail
kucioTHoro remoumitrka 3a ymoB ELJI Ta nii ®BMT. 3a aii ®BEMT Takox BUSBICHO
MIJBUILEHHS KOHIIEHTpallli TeMOrIo0iHy Ta 30UIbIIEHHSI BMICTY HNPOTONOP(QIpUHY Y
kpoBi mypiB 3 IIJI. ExcnepuMeHTalIbHO MOKa3aHO MOKJIUBICTH MPOTONOPQIpUHY
ciyryBatu ¢oroakuentopom ®BMT, y 3acTrocoBaHuX AOBKMHAX XBUJIb, 1 BUABIATU
(doToauHAMIYHUHN €(EKT.

OxpiM TOTO, BCTaHOBJIEHO posib ®BMT y mokpalieHH1 KUCEeHb-TPaHCTIOPTHOT
¢ynxkuii remornodiny 3a ymoB L1, Bussneno, mo 3a srumiBy @®BMT na tBapun 3 11J]
BII0YBa€eThCs 301IbIIEHHS Pso MOPIBHSAHO 31 3HAUEHHAMH Y HEONPOMIHEHUX TBAPHH.

Hocnimxeno BriimuB @BMT Ha po3BUTOK OKCHIATUBHO-HITPATUBHOTO CTPECY Y
kinituHax kKposi 1mypiB 3 EIJ[. BcranoBneno xopurytouy naito OBMT Ha
MPOOKCUIAHTHO/AaHTUOKCUJAHTHUN Oamanc y kimiTuHaX Kposi mrypiB 3  EIJI.
BusiBnieHO 3HMXKCHHS pIBHS TPOAYKTIB mepekucHoro okucHenHs mimigiB (TBK-
TIO3UTUBHUX MPOIYKTIB) y IJIa3Mi KPOBi, EPUTPOLIUTAX Ta JIi3aTax JICHKOIHUTIB, IPOTE
BMicT akTuBHUX (popm Oxcureny (ADO) y neiikorurax mrypiB 3 ELJI 3a aii ®EMT
He 3MiHioBaBcs. BiacyTtHicth 3miH y BmicTi ADO 3a aii ®BMT npu L[] Ha ¢oni
3HKeHHS BMicTy TBK-NO3UTHUBHMX MPOAYKTIB Y JEMKOLMTAX CBIAYUTH MPO Te€, L0
OBMT He BmiMBae HampsMy Ha 3HIDKEHHA KuibkocTi ADQO, a HaBmaku, JEIo
NiJBUIIY€E TXHIO KUIBKICTh (BiaOyBaeTbcsi 30uiblieHHS piBHA ADO y 310poBUHX

TBapuH Tmicis ompomiHeHHs). Omunak, ®BMT, moxnuBO, 37aTHa BIUIMBAaTH Ha



dbepMeHTHY CHCTEeMY aHTHOKCHIAHTHOTO 3aXHCTy KIITHHH. BcTaHOBIEHO
NiJBUIIEHHS! akKTUBHOCTI KaTana3u ta COJl y nelkonuTax 3a IyKpOBOIo JiabeTy Ta
nii ®EMT.

BusiBneHo 3HIWKEHHS BMICTY OKUCHO-MOAudikoBanux OinkiB (OMB) y mizarax
JICHKOIIMTIB Ta KiHIEBUX MPOoayKTiB okcumarii 0uikiBe (AOPPS) i1 kiHIIEBHX IIPOAYKTIB
riikamii (AGES) y mmasmi kposi maypiB 3 EIJ] 3a nii ®EMT. BusiBiieHo 3HUXKCHHS
Bmicty AOPPs 1 AGES y mizarax neiikonutiB 3a EIJ] Ta migBumenns 3a ymoB EILJ]
ta aii ®BMT. 3amwkenns piBugs AOPPS y mizatax neiikoumtiB 3a EIJ[ MoxHa
MOSICHUTH 3HIDKEHOIO aKTHBHICTIO MIETONEPOKCHIa3u (OCHOBHOTO TPOIyIICHTA
TIIOXJIOPUTY) Y JeiikonuTax. 3HmwkeHHa Bmicty AGES y mizarax neitkorutis 3a EL]
MOXHAa TIOSICHUTH TIOPYIICHHSM HAIXO/DKEHHS TIIIOKO3W Yy JICHKOIIUTH 34
n1a0eTUYHUX YMOB. BUSIBIEHO 3HMKEHHS PIBHS PELENTOpa 10 KIHIEBUX MPOJYKTIB
rimikanii RAGE y mnasmi kposi urypiB 3 EIJI 3a aii ®BMT. Beranosneno, mo 3a
ymoB EIJ[ ta nii ®BMT aktuBHicth MIIO 3MiHIOETBCA PiI3HOHAMPSMIICHO:
3HIDKYETBCSL Y TIJIa3M1 KPOB1 Ta 3pOCTa€ y Ji3aTax JIEHKOIUTIB, 110 3HOBY X TaKH,
MOSICHIOE pi3HOCIpsiMOBaHi 3MiHU piBHIB AOPPS y neiikonuTrax Ta mia3Mi KpoBi 3a
JTOCHIDKYBAaHUX YMOB. 3MIHM K AaKTUBHOCTI MIEJIONEPOKCUAA3U TOSICHIOIOTHCS
3HIDKEHUM BMICTOM KIHIIEBHX IMPOJYKTIB TJIiKaiii y jeiikorurax 3a ymoB LIJI, amke
icHytoTh AaHi, mo AGEs 3maTHi CTUMYJIOBATH MPOAYKIIID MIEJIONEPOKCUIA3U Y
HeuTpodiax.

Bcranosneno, mo 3a ymoB ELJ] ta mii ®BMT 3umkyeTbes aktuBHICTE NOS
(cymapna ta iNOS) 1 piBeHb HITPHTIB.

Hocnimxeno BmumB OBMT Ha riikeMiyHud mnOpodiib Opra”iaMy Ta
eHepro3adesnedeHHs jeikonuTiB 3a ymoB EIJl. BcranoBieHo aHTUTITIEPTIIIKEMIYHY
aktTuBHICTh @OBMT. Bussneno, mo 3a aii ®BMT BinOyBaeTbcsi 3HMKEHHS
KOHIEHTpAIli III0KO3U Y LUIBHIN KPOBI Ta BMICTY IJIIKO3UJILOBAHOTO TEMOTJIO0IHY Y
reMoJizarax epuTpouMTIB MmypiB, xBopux Ha [I[JI. BcranoBineHo mokpalieHHs
TOJICPAHTHOCTI OpraHi3My TBAapWH JO HABAHTAKEHHS TJIIOKO3010. BusBieHo
3HIDKCHHSI aKTUBHOCTI TOTJIMHAHHS (piryopeciieHTHOTO aHajnora ritoko3u 2-NBDG
nevikorutamu 3a yMoB EIIJ[ Ta miaBumienus 3a aii ®bMT. BectanoBneHo 3HMKEHHS

BMicTy AT® y nefikonurax 3a ymoB EIJ] Ta miasumenns 3a aii ®EMT. 1le cBigunth



PO MOKPAIEHHS eHepro3ade3neyeHHs JSHKOIUTIB, 10 MOXKE CIIPUSATH HOpMaTi3alii
iX (pyHKIIIOHAJILHOT aKTUBHOCTI.

Hocnimkeno BriuB ®BMT Ha (QyHKIIOHAIBHUN CTaH JIEUKOIMTIB IIypiB 3a
ymoB EIlJI. Bcranosneno, mo ®BMT nopmanizye npoaykiito ADO neiikorutamu
Ta aKTUBI3YE mpolec GparonuTosy, NO3UTUBHO BIUIMBAIOYU HA (QYHKIIOHATBHUN CTaH
KIITUH. BUSBIEHO MABUINICHHS aKTUBHOCTI (haronuTo3y ((haromuTapHOTO MOKa3HUKA
Ta 1HJEKCY 3aBEPIICHOCT] (aronuTo3y) Ta NPOAYKIIii CylepoKCHIy HEUTPOPIIbHUMU
rpanynorutamu 3a ymoB EIJ] Ta nii ®BMT.

Y aucepramiitHiii po6oti 3’sicoBano 6GioximiuHi edpektn OBMT nHa cuctemy
kpoBi 1rypiB 3a ymoB EIJI. Ile cTBOproe MOMKIUBICTE JUIsl HIMPIIOTO 3aCTOCYBAaHHS
OBMT sk ponomixkHOi Tepanii npu jikyBanHi L] Ta fioro ycknannens. IloscHeHo
rimorimikemiunnii  edpexkt DOBMT, a Takox 1ii HOpMani3ylOUuid BIUIMB Ha
IPOOKCUIAHTHO/AaHTUOKCUJAHTHUN OanaHc 3aBAsKM  (GOTOAMHAMIYHOMY e(DEeKTy
npotonopdipuHy Ta Ha (YyHKIIOHAIBHUN CTaH JIEUKOLMTIB 3aBIAKH ii 34aTHOCTI
MiJBULYBAaTH TOTJIMHAHHS TJIIOKO3M KJIITHHAMU Ta HOpPMAali3yBaTH  IXHE
eHepro3ade3neyeHHS.

Bci pocnimpkeHHs, pe3yJbTaTh SIKUX MPEACTaBIICHI Y OucepTaliiHiid poOoTi,
BUKOHAHO oco0Oucto abo 3a Oes3nmocepenHboi ydacTi 3100yBada. ABTOpOM
TUcepTaliifHol poOOTH CaMOCTIMHO TMPOBEICHO TMOIIYK Ta aHal3 HayKOBOl
JiTepaTypy, BUKOHAHO OCHOBHY YaCTHUHY €KCIEPUMEHTAJIBHOI pOOOTH Ta 3A1HCHEHO
CTaTUCTUYHY OOpOOKY OTpUMaHUX pe3ynbTariB. [ImaHyBaHHS eKCIIEpUMEHTaIbHUX
JOCIIKEHb, aHali3 Ta OOrOBOPEHHS OTPUMAHMX JaHUX, MIJTOTOBKA PYKOIIKCIB
cTaTell MPOBOAMIIOCS CIIIBLHO 3 HAYKOBUM KepiBHUKOM 1.0.H. CubipHoro H.O.
KuarouoBi ciioBa: nmykpoBuii giadbeT, JEHKOIUTH, CPUTPOIIUTH, OKCHIATHBHUN CTpPEC,
rinepriikemMisi, (QorobioMoayssiiiiHa Tepamisi, eHepro3abe3reueHHs] KIITHHH,

MOTJIMHAHHS TJIFOKO3H, (paroruTo3, 0akTepUInIHa aKTHBHICTb.



SUMMARY
Karmash O.l. Biochemical effects of photobiomodulation therapy under
experimental diabetes mellitus. — Qualifying scientific work on the rights of the
manuscript.
Dissertation for the degree of Doctor of Philosophy in specialization 091 of
field of knowledge 09 “Biology”. — Ministry of education and science of Ukraine. —

Ivan Franko National University of Lviv, Lviv, 2021.

This dissertation focuses on the influence of photobiomodulation therapy on
biochemical processes in blood cells of rats with experimental diabetes mellitus.

Diabetes mellitus is a group of metabolic diseases, characterized by disorders
in insulin secretion and activity that leads to increase of glucose level in blood.
Chronic hyperglycemia causes the disorders and injuries of some organs and tissues
in human body, in particular eyes, kidneys, heart and blood vessels. Nowadays, there
are the great amount of drugs for controlling blood glucose level and relieving
patients state. However, such drugs are often ineffective and have side effects. It is
worth to mention that excessive production of reactive Oxygen species and
developing of oxidative stress, in particular in blood cells, is a key factor of
emergence of many diabetic complications and pathogenesis of this disease. It is
why, for prevention the development of diabetic complications it is important to not
allow the progression of oxidative stress. For this aim, compounds with antioxidant
properties, e.g. polyphenols are often used. So, it is important to search new methods
for overcoming hyperglycemia and relieving concomitant complications of diabetes,
caused by development of oxidative stress.

Photobiomodulation therapy (PBMT, low-intensity light therapy) consist in
usage of light in visible (sometimes infrared) part of spectrum. Light therapy is a one
of the oldest methods of therapy that was used by people (historically as sun therapy
in ancient Egyptians, later as ultraviolet therapy for which Niels Finsen was awarded
by Nobel prize in 1904). Usage of lasers and light emitting diodes as a light source
was the next step in technological advance of light therapy that is using now all

around the globe. For PBMT it is the question not about the presence of biological



effects, but how energy from laser or light emitting diode works on the level of cells
and organism, and what are the optimal light parameters for usage those different
light sources. This type of therapy is noninvasive and demonstrate a number of
positive effects (antibacterial, anti-inflammation and antioxidant actions, activation of
cell proliferation and collagen synthesis etc.) allowing its potential application for
treatment of diabetic disorders.

Photobiomodulation therapy in Ukraine is currently used for treatment of broad
range of diseases, but predominantly only as supportive chain of physiotherapy. Full-
fledged application, first of all, prevented by lack of clarity in molecular mechanisms
of photobiomodulation therapy effects. There are a lot of experimental researches
reporting about positive effect of photobiomodulation therapy on wound healing and
prevention of bacterial infections. That is why photobiomodulation therapy is often
used in surgery, however such an application is largely empirical.

The first thing that is affected by hyperglycemia and oxidative stress is the
blood system. Changes in the structure of erythrocyte's membrane and modification
of their mechanical characteristics, impairment of hemoglobin oxygen binding are
consequences of hyperglycemia action on erythrocytes. Excessive or insufficient
functional activity of leukocytes leads to higher susceptibility to infections in patients
with diabetes. Although there are many studies considering antioxidant properties of
photobiomodulation therapy, its effect on the blood system in diabetes remains
insufficiently studied.

Given the above arguments, investigation of photobiomodulation therapy
effects on biochemical processes in organism (in particular blood cells) under normal
and diabetic conditions will allow to elucidate molecular mechanisms of its action
and justify its use as effective and noninvasive method for treatment of diabetes and
diabetic complications.

The aim of our work was to investigate biochemical effects of
photobiomodulation therapy under conditions of experimental diabetes mellitus.

In the dissertation work the influence of photobiomodulation therapy on some
hematological indices under conditions of diabetes mellitus is investigated. It is

established that photobiomodulation therapy has a positive effect on the erythron



system. In particular, the increase of erythrocytes number and decrease of
reticulocytes number during experimental diabetes mellitus (EDM) and PBMT action
was revealed. It is also established the increase in resistance of erythrocyte
membranes to the action of acid hemolytic under the conditions of EDM and the
action of PBMT. PBMT also showed an increase in hemoglobin concentration and in
the content of protoporphyrin in the blood of rats with EDM. The ability of
protoporphyrin to serve as a photoacceptor of PBMT in the applied wavelengths and
to show a photodynamic effect has been experimentally shown.

Besides, it is established the role of PBMT in improvement of oxygen-carrying
function of hemoglobin under conditions of EDM. It was established, that under the
action of PBMT on animals with EDM Ps is increasing compare to nonirradiated
animals.

The effect of PBMT on the development of oxidative-nitrative stress in the
blood cells of rats with EDM was studied. Corrective action of PBMT on pro-
oxidative/anti-oxidative balance in blood cells of rats with EDM was established. The
decrease in the level of lipid peroxidation products (TBA-positive products) in blood
plasma, erythrocytes and leukocytes was revealed, but the content of reactive Oxygen
species (ROS) in the leukocytes of rats with EDM did not change under the action of
PBMT. The absence of changes in ROS content under the action of PBMT during
EDM alongside with the decrease of TBA-positive products in leukocytes shows that
PBMT do not directly affects the decrease of ROS, but, contrary to this, slightly
increase its content (the increase of ROS content occurs in healthy animals after
irradiation). However, PBMT can affect the enzymatic system of antioxidant
protection of the cell. An increase in the activity of catalase and SOD in leukocytes
under the action of PBMT was found.

The decrease in the content of oxidatively modified proteins (OMP) in
leukocytes lysates and advanced oxidation protein products (AOPPs) and advanced
glycation end products (AGEs) in the blood plasma of rats with EDM under the
action of PBMT was revealed. There was a decrease in the content of AOPPs and
AGEs in leukocytes lysates during EDM and an increase under the conditions of
EDM and the action of PBMT. The decrease of AOPPs level in leukocytes lysates



during diabetes can be explained by lower myeloperoxidase activity (the main
producing agent of hypochlorite) in leukocytes. The decrease of AGEs level in
leukocytes lysates during diabetes can be explained by deteriorated income of
glucose in leukocytes under diabetic conditions. The decrease in the level of RAGE
in blood plasma of rats with EDM and under the action of PBMT was revealed. It
was found that under the conditions of EDM and the action of PBMT, the activity of
MPO changes in different directions: it decreases in blood plasma and increases in
leukocyte lysates, that can explain different directions in changes of AOPPs levels in
leukocytes and blood plasma under investigated conditions. In turn, changes in
myeloperoxidase activity can be explained by lower content of advanced glycation
end products in leukocytes during diabetes, because there is data that AGEs can
stimulate myeloperoxidase production in neutrophils.

It is established that under the conditions of EDM and action of PBMT NOS
activity (total and INOS) and nitrite level decreases.

The influence of PBMT on the glycemic profile of the organism and energy
supply of leukocytes under EDM conditions was studied. The antihyperglycemic
activity of PBMT was established. The decrease in the concentration of glucose in
whole blood and the content of glycosylated hemoglobin in hemolysates of rat
erythrocytes under the conditions of EDM and PBMT action was revealed. Improved
tolerance of animals to glucose loading has been established. The decrease in the
absorption activity of the fluorescent glucose analogue 2-NBDG by leukocytes under
EDM conditions and the increase under the action of PBMT was revealed. The
decrease in the content of ATP in leukocytes under the conditions of EDM and the
increase under the action of PBMT were established. This indicates an improvement
in the energy supply of leukocytes, which may contribute to the normalization of
their functional activity.

The influence of PBMT on the functional state of rat leukocytes under EDM
conditions and PBMT action was investigated. It was found that PBMT normalizes
the production of ROS by leukocytes and activates the process of phagocytosis,
positively affecting the functional state of cells. The increase in the activity of

phagocytosis (phagocytic index and phagocytosis completion index) and superoxide



production by neutrophilic granulocytes under EDM conditions and PBMT action
was revealed.

In the dissertation work the biochemical effects of PBMT on blood system of
rats with EDM is found out. This creates an opportunity for the wider use of PBMT
as adjunctive therapy in the treatment of diabetes and its complications. The
hypoglycemic effect of PBMT, as well as its normalizing effect on prooxidant /
antioxidant balance due to photodynamic action of protoporphyrin and functional
state of leukocytes due to its ability to increase glucose uptake by cells and normalize
their energy supply are explained.

All researches, the results of which are presented in the dissertation, performed
in person or with the direct participation of the applicant. The author of the
dissertation independently searched and analyzed the scientific literature, performed
the main part of the experimental work and performed statistical processing of the
obtained results. Planning of experimental researches, analysis and discussion of the
obtained data, preparation of manuscripts of articles was carried out together with the
supervisor Dr. Sybirna N.O.

Key words: diabetes mellitus, leukocytes, erythrocytes, oxidative stress,
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