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on “Physico-chemical properties and quantum-chemical calculations of
photosensitizers used in photodynamic therapy”
presented for the degree of Doctor of Philosophy
on a specialty 6D060600 — Chemistry

B. Myrzakhmetov's dissertation work is devoted to the study of
photosensitizers used in photodynamic therapy.

The purpose of the work is to study the physico-chemical properties of
photosensitizers used in photodynamic therapy by experimental and quantum
chemistry methods.

The physico-chemical properties of photosensitizers used in photodynamic
therapy have not been fully studied. Until now, for in vitro and in vivo studies of
photosensitizers, excitation wavelengths were selected in relation to their absorption
in solvents such as dimethylsulfoxide, ethanol and methanol, and their properties in
solvents similar to the physiological environment were not studied at all. In this
regard, in the first part of the work, he studied the influence of solvent nature, medium
viscosity, concentration, temperature and pH changes on the photophysical properties
of photosensitizers. During the study in The Reactions and Chemical Engineering
Laboratory CNRS-Lorraine University, he studied the photophysical properties using
modern physico-chemical methods and technics such as UV-visible, fluorescence,
phosphorescence, time-correlated single photon counting,.

In the second part of this work, the doctoral student determined for the first
" time the lipophilicity of pyropheophorbide-a, protoporphyrin IX and photofrin® in
addition to the physico-chemical properties of photosensitizers by experimental and
quantum-chemical methods. As a result of the research, the high-performance liquid
chromatography method, which is highly effective in determining lipophilicity, is
presented as a method with high accuracy and fast execution time. The partition



coefficient for pyropheophorbide-a and protoporphyrin IX molecules by the methc
of density functional theory was calculated for the first time in solvent models such :
solvation model based on density, conductor-like polarizable continuum model an
polarizable continuum model using the integral equation formalism and showed
value close to the results obtained experimentally. As a result of high-performanc
liquid chromatography, photofrin had three lipophilic values and was convinced th:
two of them were hydrophilic and one was hydrophobic, that is, an amphiphili
photosensitizer. It is also proved that for the first time in the determination ¢
lipophilicity, the use of the method of density functional theory as a method ¢
quantum chemistry for pyropheophorbide-a and protoporphyrin IX allows obtainin
results with higher accuracy than other methods.

In the third part of the work, the optical and vibrational spectra o
pyropheophorbide-a and protoporphyrin IX photosensitizers in toluene and wate
were obtained by the method of quantum chemistry, and the intensity and energies o
electronic transitions were calculated for the first time. Also, as a result of the analysi
of optical spectra obtained in solvation model based on density and conductor-lik
polarizable continuum model, it was determined that the conductor-like polarizabl
continuum model shows a result close to the experimental results.

During his stay in our research laboratory, Bauyrzhan Myrzakhmetov were abl
~ to perform experimental work in high quality. According to the results of the study, -
articles have been published in international journals with high impact factos
(Pharmaceuticals, IF=5.2 and Luminescence, IF=3.7).

Finally, I want to say that Bauyrzhan had a good relationship with othei
researchers in our laboratory and constantly helped others. In addition to his researck
work, he also worked in other areas, as a result of which he is the co-author of 2
others articles (Nanomaterials, IF=6.6 and ACS Omega, IF=5.2). It was a real
pleasure to work with Bauyrzhan Myrzakhmetov. He is a very courageous guy, very

efficient. All the experiments were carried out with care and with great autonomy. He
was really liked by everyone. :

I will recommend without any reservations that the PhD dissertation can be
presented for the public defense. ;

PhD, CNRS research dire¢td
Céline Frochot

UNIVERSITE
DE LORRAINE
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3apyGeXHOro HayIHOTO KOHCYJIBTAHTa Ha JCCEPTAIMOHHYI0 paboTy MpIp3axMeToBa
Baysipixana AckapOeKoBHIa Ha TEMy «DU3AKO-XIMIUECKHE CBOMCTBA U KBAHTOBO-
XUMHAGECKHe pacdeTsl (POTOCEHCHONIN3ATOPOB, HCIIONIB3YEMBIX B doTOIMHAMUIECKOH
Tepanum», IPEeCTABICHHON Ha COMCKAHH® cremeny nokTopa dunocoduu (PhD) 1o
crremuanbHOCTH 6D060600 — «XIMHD)

JluccepTalliOHHAL pabora b. MeIp3axMeToBa MOCBsIIEHa H3YUYCHUIO
(HOTOCEHCHOMIM3ATOPOB, UCIIONB3YCMbIX B hboToAMHAMMYECKOH TEPAITIH.

[empio paboOTHI  SBIAETCS — H3YHCHHC )UBHKO-XUMHIYECKAX ~ CBOHCTB
(hOTOCEHCHOMITA3ATOPOB, MCIONBE3YCMbIX B (hOTOMHAMITIECKOH Tepamuy, MCTONaMH
SKCIIEpYMEHTATIBHOM 1 KBAHTOBO! XMMHUH.

U3HKO-XAMAYECKHE CBOMCTBA (POTOCEHCHOMIA3ATOPOB, UCIIONB3YEMBIX B
(hOTONMHAMIYECKOH Teparyy, 0 KOHIA HE u3ydeHsl. Jlo cuX IOp IJist YCCIeNOBaHMUM
doToceHCHOMIH3aTOPOB in vitro ¥ in Vivo MTHHBEI BOJH BO30YKICHHSL BLIOMpANIACH B
3aBHCHMOCTY OT UX TIOIJIOLIEHHs B PACTBOPUTEIIAX, TAKMX KaK IMMETHIICYIb(QOKCHT,
STAHOJ ¥ METAHOJ, a KX CBONCTBA B PACTBOPHUTEINSX, aHATOTHHIHBIX (HU3MOIOTHYECKOR
cpenie, BOOOIIE HE M3YyJaIHCh. B CcBS3M ¢ 5TAM B IIepBOM YacTH pabOoThl OH M3ydal
BJIMSHAE OPUPOASI PACTBOPHUTENA, BISKOCTH CPE/El, KOHIIGHTPAIWH, TEMIIEPAaTyPhl 1
p3MeHenuss pH Ha QoTohm3HIEcKHUe cBoficTBa (hoTOCcEHCHOMIH3aTOpoB. Bo Bpemd
uccnemoBagus B JlabopaTtopHu peakui 1 xummrgeckod mmxenepun HITHA
yaueepcurera Jlopeiin oOH H3yHall doTodusndecKkue CBOMCTBA, HCIOJL3YA
COBpEMEHHBIE ~ (DH3UKO-XAMHUYECKAES METOMBL M TexHuKy, Takme Kak YO
creKTpockonus, GIryopecleHud, docdopecreHuys, KOPPENMPOBAHHBIA 10 BPEMEHH
[OJCUeT OMHOYHBIX (POTOHOB.

Bo BrOpO#i YacTH OITOH paboTsl  JIOKTOPAaHT ~ BIIEPBEHIC OIIpeEIAI
nunoGUIBHOCTD mpodeopopbusia-a, npotonoppupura IX u (bOTO(pr/IHa® B
JomojHeHHE K (DU3HKO-XHMUICCKHM cBoiictBaM  (POTOCEHCHOWIIM3aTOPOB
SKCTIEDUMEHTAIBHBIMA ¥ KBAHTOBO-XHMMIIECKIMH MeTOIaMH. B  pe3yJipTrare
MCCIIEIOBAHMS BEICOKO3(MGEKTUBHBIA METON JUJIKOCTHOM XpomaTorpaduu, KOTOPBII
JBJISICTCS. BHICOKOIPOLYKTHBHBIM IIPH OMPEACTICHAN Ano(GUIEHOCTH, MPEACTABICH
Kak MeETOJ ¢ BBICOKOM TOYHOCTBIO H GBICTPHIM BPEMEHEM  BBINOJIHCHHA.
KoshdruueHT pasienenus Ui MOJIeKyIl nupodeodopbunia-a u npotonop¢upura IX
METOIOM Teopu¥ (GyHKIMOHaNa IUIOTHOCTH GBUT BIIEpBbie PAacCUMTaH B MOJCIAX
pacTBOpHTenel, TakuX Kak MOJCNH cobBaTalliy, OCHOBaHHasi Ha IUIOTHOCTH,
IIPOBO/IHMKOBOH MOJEIH MOJSPH3YEMOTo KOHTHHYyMa W MOJIENH MOJISpU3yeMOro
KOHTHHYyMa C HCIIOJIb30BaHHCM hopManm3Ma HHTETPANTbHOr0 ypaBHEHMU 1 ToKa3al
sHaueHWs, ONM3KME K pe3yibraTaM, MNONydeHHBIM skcrepumentanpHo.  Ilo
pe3ynbTaTam BEICOKO?((PEKTHBHON KUITKOCTHOH xpomarorpahum ObUIO IOKA3aHO,
gro (porodpuH HMENT TPH JunoQMIBHBIX IOKA3aTelld, ¥ 9To J(Ba M3 HHX OBLIH

rUapOQUIBHEIMA, & OJUH - ruapohOOHBIM, TO €CTh OBUIA J0Ka3aHa amMpuGUILHOCTD




¢otocencubmmmuszaropa. Taxke BIOepBEIE J[JOKAa3aHO, YTO MpH OIpe/el]eHAH
NMUIO(HUIBHOCTY HCIOJBb30BaHME MeETOAa TEOpuM (YHKIMOHANTA IUIOTHOCTH B
Ka4eCTBE METO/la KBaHTOBOM XMMUU s mupodeodopbuna-a u npotonopdupuna IX
IO3BOJIACT IONy4aTh Pe3yJIbTaTel ¢ 0Oojiee BBICOKOH TOYHOCTBIO, YeM IPYTUMHU
METOAMH.

B Tperbedl 4acTm pabOTEI METOZOM KBAHTOBONM XHMHH OBLTH IIONYYEHBI
ONITHYECKUE U KOJIeOaTeIbHEIE CIEKTPE! (POTOCCHCUOIT3aTOpoB tupodeodopbua-a
u mporonoppupuna IX B Tomyome M BOme, a TaKKe BIEPBBIE PACCUMTAHEI
HUHTEHCHBHOCTh U 3HEPTHH JJIEKTPOHHEIX IEpexofoB. Takke B pe3ylbTaTe aHaIH3a
ONTHYECKUX CIIEKTPOB, MOIYIEHHBIX B MOJEIH COJIbBATAllMU Ha OCHOBE INIOTHOCTH, U
IPOBOJHUKOBOX MOJIENU IIOJAPH3YEMOI0 KOHTHHYyMa OBLIO YCTaHOBIEHO, UTO
IPOBOZHMKOBAs MOJENb IOJSPU3YEMOr0 KOHTHHyyMa IIOKas3bIBaeT pe3ybTar,
OMU3KMH K SKCIIEPHUMEHTATBHEIM PE3yIbTaTaM.

Bo Bpemst cBoero mpeObIBaHMA B Hallled HMCCIIEIOBATENHCKOM 1abopaTopuu
baybipxxan MBIp3aXMETOB CMOT Ka4eCTBEHHO BBILIONHATE 3KCIEPHMEHTAIBHYIO
pabory. Ilo pesynsraTam uccienoBaHuss OBUIA ONYOIMKOBAHBI 3 CTATHH B
MEXyHApOJHBIX XKypHallaX ¢ BEICOKMM MMIakT-aktopoM (Pharmaceuticals, IF=5.2
1 Luminescence, IF=3.7).

B wurore s X049y ormeTuts, uTo y Baybip)ana GbUIM XOpPOIINE OTHOLICHHS C
APYTUMH HCCIIEJIOBATEIIMH B Hamed 1abopaTOpud M OH IIOCTOSIHHO MOMOTA
ApyruM. B norionHeHue K CBOel HccleoBaTeNbCKOH paboTe OH Takke paGoTal B
JPYrUX O0NacTsX, B pe3yjlbTaTe HYero CTAl COABTOPOM MABYX MAPYTHX CTarei
(Nanomaterials, IF=6.6 u ACS Omega, IF=5.2). PaGorars c¢ baysipxanom
MBIp3axMeTOBEIM OBLIO HACTOAIIMM yHOBOJbCTBHEM. OH OYEHb CMeNbIi IapeHs,
O4YeHb 3¢ (eKTUBHBIA. Bce 3KCIEpPHMEHTHI IPOBOMMINCL C OCTOPOXHOCTBIO U C
Gonbmioii asToHOMEeH. OH JefCTBATENBHO BCEM HPABHIICS.

A Ge3 xakux-nubo OTOBOPOK PeKOMeHIyr0, uTo6sl PhD mucceprammst 6Gbura
OpencTaBiIieHa Ha My OIIMYHYIO 3aIuTYy.

PhD, upekrop mo uccienosarmsam HITHU
Cenmun ®@pomror
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HepeBogI C/QHIJIMMCKOrO SA3bIKa HA PYCCKHUM SI3BIK BEIMOJIHE
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ropog Tapas, JKam6suickas o0nacts, Pecybmmka Kasaxcras.

OpuHHAAIATOE OKTIAOPS JIBE THICSYM ABAALATH BTOPOro roja.

S, Kamabaes [lyiicemamu WOparumoBud, HoTapuyc JKamObUICKOrO
HOTapuanbHOro okpyra Pecry6muku Kasaxcran, nedcTBYOIMN HAa OCHOBaHUM
rocynapctBentoii muuensud Ne 0000734 ot 24.03.2000 ropnma, BBIJAHHOM
MuaucrepctBoM  roctunuu  PecryOnmku — KasaxcraH, — CBHAETENBCTBYIO
OOJUTMHHOCTh ~ MOANKMCH  IE€PEBOMUMKA, CIEIaHHOW  IEPEBOMYMKOM  C
AHTIMICKOro A3bIKa Ha pycckuii s3pik Kpipbac Bepexe Kypman6aiikbisbi.

JIuyHOCTH NEpeBOJUMKA YCTAHOBJIEHA, JEEeCIOCOOHOCTh M IIOJTHOMOYUS

%, 3apeructpupoBaHo B peecTpe 3a Ne 5250
. B3pIckaHo o cTaBke 92 TeHre

' 3a MMPOEKT, TeX. padoty 1532 TeHre
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