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This study explores the development of advanced protein-based drug delivery systems for doxorubicin (DOX), an anticancer agent,
incorporating both radionuclide (technetium-99m complexes) and fluorescence (Methylene Blue (MB), Indocyanine Green (IG),
cyanine AK7-5 and squaraine SQ1) imaging modalities. Building upon previous research on albumin-based carriers, this work expands
the scope by introducing transferrin (TRF) as a complementary protein component to create a more sophisticated and targeted delivery
platform. Molecular docking technique was employed to design and characterize the multimodal delivery systems that incorporate
radiopharmaceuticals and near-infrared fluorescent dyes. The results demonstrate that technetium-99m-based radiopharmaceuticals are
capable of strong noncovalent binding to human serum albumin (HSA) and its complexes with transferrin. A comprehensive analysis
of docking scores and interacting amino acid residues reveals that HSA-TRF-TcHyn/TcMEB/TcDIS-DOX-1G/SQ1 systems show the
highest potential for experimental testing and further development. These findings support the potential of HSA-TRF complexes as
nanocarriers with dual imaging capabilities for DOX delivery, offering an approach to enhance therapeutic efficacy while reducing
systemic toxicity in anticancer treatment.

Keywords: Drug delivery nanosystems; Human serum albumin,; Transferrin; Doxorubicin; Technetium complexes, Fluorescent dyes;
Molecular docking
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Protein-based drug delivery systems have emerged as a promising strategy for enhancing the therapeutic efficacy
of anticancer agents while mitigating their systemic toxicity [1,2]. These systems offer exceptional biocompatibility,
biodegradability, and the ability to accumulate in tumor tissues via the enhanced permeability and retention effect
(EPR). Proteins, as drug delivery cargos, provide unique advantages such as natural abundance, renewable sources,
and the presence of multiple functional groups for drug loading and targeting modifications [3,4]. In our previous paper
we explored albumin-based drug delivery systems for doxorubicin (DOX) [5]. Accordingly, the study employed
computational tools to design multimodal delivery systems incorporating radiopharmaceuticals and near-infrared
fluorescent dyes, and the results obtained provided strong support for the ability of human serum albumin (HSA) as
DOX delivery systems. Currently, the ongoing research in this field is focused on developing more sophisticated and
efficient protein-based nanocarriers [6]. Motivated by these rationales, in the present paper we extend the scope of our
research by introducing transferrin (TRF) as a complementary protein component to create a more sophisticated and
targeted delivery platform. The combination of HSA and transferrin in a single delivery system aims to leverage the
advantages of both proteins. While albumin provides excellent biocompatibility and drug-binding capabilities [7],
transferrin adds an active targeting mechanism to cancer cells overexpressing transferrin receptors [8]. This dual-
protein approach may result in improved drug accumulation in tumor tissues, not only through the EPR effect but also
via receptor-mediated endocytosis.

METHODS
Human serum albumin (HSA) in its dimeric form (PDB ID: 1A0O6) was used as a main component of the designed
PDDS. A therapeutic component of the examined drug delivery systems was represented by one of the most widespread
antitumor drug doxorubicin (DOX), anthracycline antibiotic whose antineoplastic properties arise mainly from its abilities
to intercalate into DNA, inhibit topoisomerase 11, disrupt gene expression, generate reactive oxygen species and produce
damage of cell membranes [9]. To design the PDDS, in the present study we used 12 *™Tc-based radiopharmaceuticals [5]:
[*"Tc]Tc-Sestamibi  (TcSES), [*™Tc]Tc-Tetrofosmin  (TcTET), [*™Tc]Tc-Medronate (TcMED), [*™Tc]Tec-
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dimercaptosuccinic  acid  (TcDMSA),  [*™Tc]Tc-diethylenetriaminepentaacetate ~ (Tc-DTPA),  [*™Tc]Tc-
mercaptoacetyltriglycine (TcMAG), Pertechnetate [*™Tc]TcO4— (TcPER), [*™Tc]Tc-Exametazime (TcEXA), [**Tc]Tec-
diisopropyl iminodiacetic acid (TcDIS), [*™Tc]Tc-ethylene cysteine dimer (TcECD), [*™Tc]Tc- hydrazinonicotinic acid-
H6F (TcHYN), [*™T¢]Te-Mebrofenin (TcMEB). To create the dual-labelled PDDS with both nuclear and optical imaging
modalities, the examined protein systems were loaded by the binary combinations of the above *™Tc complexes and four
NIR fluorescent dyes (FD), Methylene Blue (MB), Indocyanine Green (IG), cyanine AK7-5 and squaraine SQ1 [5]. To
identify the most energetically favorable binding sites for TCC, DOX, FD in the HSA-TRF protein systems the molecular
docking studies were performed using the HDOCK server. Prior to the docking procedure, the structures of HSA dimers and
its complexes with TRF were relaxed through 1 ns MD simulations. The structures of ligands were built in MarvinSketch
(version 18.10.0) and the geometries were further optimized in Avogadro (version 1.1.0). The selected docking poses were
visualized with the UCSF Chimera software (version 1.14) and analyzed with Protein-Ligand Interaction Profiler [10].

RESULTS AND DISCUSSION

In our previous paper we conducted sophisticated molecular docking studies to design the albumin-based drug
delivery systems for DOX with dual imaging modalities, including the complexes of the radionuclide technetium-99m
(TCC) and near-infrared (NIR) fluorescent dyes [5]. In brief, our computational analysis revealed that among the
compounds studied, the technetium complexes TcDIS, TcHYN, and TcMEB exhibited the strongest binding affinities to
the protein. Furthermore, molecular docking analysis indicated that the majority of TCCs preferentially bound to domain
I of HSA, with some exceptions showing affinity for both domains I and III or exclusively for domain III.

In the present paper we aimed at answering the question of whether HSA association with other functional proteins,
such as transferrin (TRF), can affect the TCC binding properties. Fig. 1 represents the best score complexes of TCC with
HSA-TRF complexes.

Figure 1. The most energetically favorable complexes of TCC with HSA-TRF complexes

In the hybrid protein systems, the best docking score (BDS) values were found to decrease in the row HSA + TRF -
TcHYN > TcDIS > TecDTPA > TcMEB > TcDMSA > TcSES >TcTET ~ TcECD ~ TcMAG ~ TcMED ~ TcEXA >
TcPER (Fig. 2). in all these systems the highest affinity was observed for TcCHYN.
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Notably, the BDS value for the neat HSA-TRF complexes (without TCC) was estimated to be -200.2, with the
number of interface residues being equal to 62 (Table 1).

Table 1. The interface amino acid residues and the types of interactions involved in the binding of technetium-99m complexes (TCC)
to the albumin-transferrin (TRF) associates

TCC HSA-TRF-TCC interface residues
Type of interactions
HSA TRF
TcSES TYRisoa*, GLU1s3a, PHE156a, PHE 1574, Hydrophobic
ARGi60a, GLU188a, ALA191a, SER1924, interactions, hydrogen
LYS195a, GLNi96a, LYS199a, ARG2134, bonds

ARG222a, HSD2gga, GLU2924, VAL2934,
LYS436a, HSDa40a, TYR4s24

TcTET LEUi1s8, ARG114B, ARG1458, LY S1908, Hydrophobic
SER4198, ARGu428B, ILEs238, GLUs408 interactions, hydrogen
bonds
TcMED LEUi15a, ARG117a, TYR1384, ILE 1424, Hydrogen bonds

HSD146a, PHE149a, LEU154a, PHE 1574,
TYRi61a, LEU1s2a, ASP1s3a, LEU185a4,
ARGis6a, ASP187a, GLY 189a, LY S190a

TcMAG ASP107a, ASP10sa, ASN109a, ARG14s54, Hydrogen bonds, salt
HSD146a, PRO147a, TYR148a, GLY 1894, bridges

LYSi190a, ALA191A, SER193A, ALA 1944,
ARG197a, GLU4254, ASNasga, GLNasoa

TcEXA LEUiisa, VAL116a, ARG1174, PRO1134, Hydrophobic
MET123a, PHE134a, LY S137a, TYR1384, interactions, hydrogen
LEUi39a, GLU141a, ILE142a, ARG1454, bonds
TYRi61a, PHE1654, LEU1824, ARG186A

TcECD GLN33a, LEU1124, PRO113A, ARG1144, TYR71, LEU72, ALA73, Hydrophobic
LEUi15a, VAL116a, ARG1174, PRO11384, ASN76, LEU77, LY S7s, interactions, hydrogen
TYRi40a, GLU141a, ARG144a, ARG145a | PRO79, SER255, MET309, bonds, salt bridges

ASPs10

TcDMSA LEUi1sa, VAL116a, ARG117a, PRO1134, Hydrogen bonds, salt

MET123a, TYR138a, ILE1424, HSD1464, bridges

PHE149a, LEU154a, PHE1574, TYR61A,
LEUis2a, LEU185a, ARGissa, ASP1g7a,
GLU: s8a, GLY 1894, LY S190a

TcDIS ASNi109a, ARGu1a5a, HSD146a, ARGis6a, | ARGsos Hydrophobic
LYS190a, PRO421a, GLU425a, GLUs204 interactions, hydrogen
bonds, salt bridges
TcPER TYR308, HSDe78, THR6sB, PHE708, Hydrogen bonds

GLY71B, LEU74B, GLUo9ss, ARGosg,
ASNyos, PHE 1028

TcDTPA LEUi15a, VAL116a, ARG1174, PRO11384, Hydrogen bonds, salt
MET123a, PHE134a, LEU1354, LY S1374, bridges

TYRi38a, GLU141a, ILE1424, TYR1614,
LEUis24, ARGis6a

TcHYN GLUss3a, LEU3874, ASN391a, LEU3044, Hydrogen bonds, 7-
ALA406a, LEU4074, VAL409a, ARG4104, stacking, salt bridges
TYRa411a, LEUa30a, LEU4s3a, SER4894,
GLUua924, GLUs424, LY Ss45a

TcMEB ASPi0sa, ASN109a, PRO110a, ASNi114, ARGs308 Hydrophobic
LEUi12a, PRO113A, ARG114A, LEU 154, interactions, hydrogen
ARGuasa, HSD146a, ARGissa, LY S190a, bonds, salt bridges

PRO421A, THR422a, VAL424a, GLU4254,
ILEs23a, LY Ss24a, THRs27A

The modification of the ligand binding landscape upon HSA complexation with TRF resulted in the changes of the
binding affinity for some TCC. As illustrated in Fig. 3, the most pronounced affinity increase was observed for TcDIS
and less pronounced — for TcMED.

In the HSA-TRF systems the binding sites most TCC reside solely on the albumin molecule, only TcECD, TcMEB
and TcDIS interact with both proteins, HSA and TRF (Fig. 1, Table 1). Interestingly, despite TcDIS makes contacts with
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only one TRF residue, ARG308, this seems to play a role in the increase of TcDIS affinity in the presence of transferrin
compared to HSA alone.

TcMEB
TcHYN
TcDTPA
TcPER
TcDIS
TeDMSA Figure 3. The changes in the best docking score
TcECD values calculated for HSA-TRF-TCC systems
TcEXA relative to HSA alone
TcMAG
TcMED
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20 -15 -10 -5 0 5
Change in the best docking score

Next, we employed the multiple ligands docking approach to explore the ternary protein-ligand systems (HSA-TRF-
TCC-DOX). The ternary systems were obtained by the docking of doxorubicin to the best score complexes of TCC with
HSA-TRF (Fig. 4).

Figure 4. The most energetically favorable complexes of TCC with HSA-TRF complexes

The following features of the ternary systems are worthy of mention: i) in most HSA-TRF-TCC-DOX systems
(except TcECD), the DOX protein affinities are higher than those for the HSA-TCC-DOX systems, ii) all DOX binding
sites constitute the residues from both HSA (most residues from the site HSAi3.136) and TRF (predominantly TYRi,
LEU72, ALA73 and ASN76) (Table 2)

Table 2. The interface amino acid residues and the types of interactions involved in the binding of DOX to HSA-TRF-TCC
complexes

HSA-TRF-TCC-DOX- interface residues
Complex Type of interactions
HSA TRF
HSA-TRF-DOX LEUi12a%, PRO113a, ARGi1144, TYR71, LEU7, ALA73, ASN76 Hydrophobic
LEUi115a, VAL116a, ARG1174, interactions,
PRO11sa, MET 1234, PHE 344, hydrogen bonds, n-
LYSi37a, TYR138a, GLU1414, stacking, m-cation
ARGis5a, TYRi61a, LEU1824, interactions, salt
ARGis6a bridges
HSA-TRF-TcSES- LEUi12a, PRO113a, ARG 144, TYR71, LEU72, ALA73, ASN76 Hydrophobic
DOX LEUi1s5a, VAL116a, ARG1174, interactions,
PRO118a, MET 1234, PHE 1344, hydrogen bonds, n-
LYSi37a, TYRi38a, GLU 1414, stacking, m-cation
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HSA-TRF-TCC-DOX- interface residues
Complex Type of interactions
HSA TRF
ARGiassa, TYRi61a, LEU1824, interactions, salt
ARGis6a bridges
HSA-TRF-Tc¢TET- LEUi112a, PRO113a, ARG1144, TYR71, LEU72, ALA73, ASN76 Hydrophobic
DOX LEUj15a, VAL116a, ARG1174, interactions,
PRO11sa, MET 1234, PHE 344, hydrogen bonds, 7-

LYSi37a, TYRi33a, GLU 1414,
ARGi4sa, TYRi614, LEU1824,

stacking, m-cation
interactions, salt

LYSi37a, TYR138a, GLU1414,
ARGi45a, TYRi61a, LEU1824,

ARG s6a bridges
HSA-TRF-TcMED- PRO113a, ARG114a, LEU1154, TYRes, TYR71, LEU72, ALA73, Hydrophobic
DOX VALiisa, ARG117a, PRO1134, ASP310, ALA311, LYS312, VAL320, interactions,
MET 234, ALA126a, PHE 1344, ARG324 hydrogen bonds, n-
LYSi37a, TYR138a, GLU1414, cation interactions,
ILE 1424, ARG1as5a, TYRi61A salt bridges
HSA-TRF-TcMAG- LEUi112a, PRO113a, ARG1144, TYR71, LEU72, ALA73, ASN76 Hydrophobic
DOX LEUiis5a, VAL116a, ARG1174, interactions,
PROj118a, MET 1234, PHE 344, hydrogen bonds, 7-

stacking, m-cation
interactions, salt

LYSi37a, TYR138a, GLU1414,
ARGis5a, TYRi61a, LEU1824,

ARGis6a bridges
HSA-TRF-TcEXA- LEUj124, PRO113a, ARG 144, TYRes, TYR71, LEU72, ALA73, Hydrophobic
DOX LEUiisa, VAL116a, ARG1174a, ASN76, ASP310, ALA311, LY S312, interactions,
PRO11sa, VAL122a, LY S1374, VAL320, ARG324, GLU328 hydrogen bonds, n-
GLU41a, ARG144a, ARG1454 cation interactions,
salt bridges
HSA-TRF-TcECD- ASP107a, ASP108a, ASNi109a, ARGs308 Hydrophobic
DOX PRO110a, ASN111a, LEU 124, interactions,
PRO113a, ARG114a, ARGl454, hydrogen bonds
HSD14sa, PRO1474, TYR 1484,
LYSi90a, SER193a, ALA 1944,
ARG197a, PROs21a, THR4224,
GLU4254, GLN4s50A
HSA-TRF-TcDMSA- PRO113a, ARGi14a, LEU1 154, TYRes, TYR71, LEU72, ASP310, Hydrophobic
DOX VALiisa, ARG117a, PRO1134, ALA311, LYS312, VAL320, ARG324 interactions,
MET 234, ALA126a, PHE 1344, hydrogen bonds, n-
LYSi37a, TYR138a, GLU1414, cation interactions,
ILE142a, ARGiasa, TYRi61a salt bridges
HSA-TRF-TcDIS- LEUi112a, PRO113a, ARG1144, TYR71, LEU72, ALA73, ASN76 Hydrophobic
DOX LEUiis5a, VAL116a, ARG1174, interactions,
PRO11sa, MET 1234, PHE 1344, hydrogen bonds, 7-

stacking, m-cation
interactions, salt

LYSi37a, TYR138a, GLU1414,
ARGi4sa, TYRi614, LEU1824,

ARGis6a bridges
HSA-TRF-TcPER- LEUj124, PRO113a, ARG 144, TYR71, LEU72, ALA73, ASN76 Hydrophobic
DOX LEUj15a, VAL116a, ARG1174, interactions,
PRO11sa, MET 1234, PHE 1344, hydrogen bonds, n-

stacking, m-cation
interactions, salt

LYSi37a, TYR138a, GLU1414,
ARGi4sa, TYRi614, LEU1824,

ARGis6a bridges

HSA-TRF-TcDTPA- LEU1124, PRO113a, ARGl 144, TYRes, TYR71, LEU72, ALA73, Hydrophobic

DOX LEUj15a, VAL116a, ARG1174, ASN76, ASP310, ALA311, LY S312, interactions,
PRO118a, VAL122a, LY S1374, VAL320, ARG324, GLU328 hydrogen bonds, 7t-
GLU 1414, ARG144a, ARG145A cation interactions,

salt bridges

HSA-TRF-TcHYN- LEUi12a, PRO113a, ARG 144, TYR71, LEU72, ALA73, ASN76 Hydrophobic

DOX LEUiisa, VAL116a, ARG1174, interactions,
PRO11sa, MET 1234, PHE 1344, hydrogen bonds, -

stacking, m-cation
interactions, salt

LYSi37a, TYR138a, GLU1414,
ARGis5a, TYRi61a, LEU1824,
ARGisea

ARGis6a bridges
HSA-TRF-TcMEB- LEUi112a, PRO113a, ARG1144, TYR71, LEU72, ALA73, ASN76 Hydrophobic
DOX LEUiis5a, VAL116a, ARG1174, interactions,
PRO11sa, MET 1234, PHE 1344, hydrogen bonds, 7-

stacking, m-cation
interactions, salt
bridges

*_A and B denote monomer subunits of the HSA dimer
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In the following, to develop systems with dual imaging capabilities, we expanded our computational analysis by
incorporating near-infrared (NIR) fluorophores into the highest-scoring protein-TCC-DOX complexes. This approach
involved docking four distinct NIR fluorescent dyes to these complexes. We selected two conventional fluorophores,
methylene blue and indocyanine green, along with two novel fluorescent agents, heptamethine cyanine dye AK7-5 and
squaraine dye SQ1.

Methylene blue Indocyanine green

TCMEB e — TCMEB

TeDIS m TeDIS
TcDMSA m TcDMSA [
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Figure 5. The changes in the best docking score values calculated for HSA-TRF-TCC-DOX-FD systems relative to the systems
HSA-TCC-DOX-FD

By integrating these NIR fluorophores, we aimed to create multimodal imaging systems that combine the advantages
of radionuclide-based imaging (via technetium complexes) with the high sensitivity and spatial resolution of NIR
fluorescence imaging. A comprehensive evaluation of the docking results for the quaternary systems (protein + TCC +
DOX + FD) reveals a clear trend in the binding affinities of the examined fluorescent dyes to HSA and HSA-DOX
complexes [5]. The affinity decreases in the following order: indocyanine green (IG) > squaraine dye (SQ1) >
heptamethine cyanine dye (AK7-5) > methylene blue (MB). This trend is evidenced by their respective BDS. While the
specific amino acid residues involved in FD binding sites vary across different TCC and protein components, certain
patterns emerge for each system. Notably, a consistent binding site for MB was identified in HSA-DOX, HSA-TCC-
DOX, and HSA-TRF-DOX complexes. This site, designated as HSA 15136, comprises 12 amino acid residues between
LEU, 5 and ARG g6 of albumin. Interestingly, in most HSA-TRF-TCC-DOX systems, the MB binding sites are composed
of residues from both proteins in the complex. This suggests a cooperative binding mechanism involving multiple protein
components. Furthermore, the addition of TRF to the HSA systems generally enhances MB binding affinity compared to
HSA alone (Fig. 5, A).

The analysis of HSA binding sites for IG in HSA-TRF-TCC-DOX systems reveals the existence of three amino acid
residues - ARGj4a, PROu421a, and ILEs3a that are present in IG binding sites on HSA. The fluorescent dye AK7-5
interacts with HSA through sites composed of 18 (site HSA15.523) or 12 amino acid residues from albumin domains I and
III. Significant increases in binding affinity were observed in HSA-Lz-TcTET-DOX systems (Fig. 5, C) where AK7-5
binds either to the HSA15.523 site or to hybrid sites of varying composition. Interestingly, in HSA-Lz/TRF complexes
SQ1 binds to a site on HSA (HSAiis.523) supplemented by an additional residue (ASPi73a) from another albumin
monomer. Overall, addition of TRF as second protein component gave rise to the substantial changes in BDS for MB and
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IG as compared to the systems where protein was represented only by HSA (Fig. 5). In the case of AK7-5 and SQ1, the
most pronounced changes in BDS were observed for TcECD.

CONCLUSIONS

In conclusion, the present study has been undertaken to verify the idea that the human serum albumin and its
complexes with transferrin can be employed to create the nanocarriers with dual imaging capabilities for the antitumor
drug doxorubicin. The results obtained showed that TcHYN, TcDIS, TcMEB and TcDTPA are capable of strong
noncovalent binding to HSA and HSA-Lz/TRF/Hb complexes. Comprehensive analysis of best docking score values
along with the interacting amino acid residues allows recommending HSA-TRF-TcHyn/TcMEB/TcDIS-DOX-IG/SQ1
systems as the most promising for experimental testing and further development of the protein-based nanoscale systems
for DOX delivery with dual imaging functionalities.
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KOMIT'IOTEPHE JOCJIIKEHHSI CUCTEM JOCTABKH JIIKIB 3 PAJIOHYKJIIJHUMH
TA ®JIYOPECHEHTHAMMA MOJAJIbHOCTSIMHA BI3YAJI3ZALIIL. II. CHCTEMHU
HA OCHOBI AJIbBYMIHY TA TPAHC®EPHUHY JJISI JOCTABKHU JOKCOPYBILIUHY
B. Tpycora?, Y. Manosuus?, I1. Kysneuos®, I. Kapnayxos®, A. 3eaincoknii®, b. Bopu®, I. Ymakos¢,
JI. Cinenko®, I'. I'opoenko?®
“Kagheopa meouunoi ghizuxu ma 6iomeoudnux Hanomexnonoziu, Xapkiecokuii nayionansnuil ynieepcumem imeni B.H. Kapasina
M. Ceéoboou 4, Xapxis, 61022, Vkpaina
bKageopa ¢izuxu s0pa ma eucoxux euepeiti imeni O.1. Axiczepa, Xapxiscokuii nayionansnuii ynisepcumem imeni B.H. Kapasina
M. Ce0600u 4, Xapxis, 61022, Ykpaina

“Hayionanvhuil naykosuti yenmp «Xapkigcokuil izuxo - mexuiunuii incmumympy, Xapkie, eya. Axademiuna, 1, 61108, Vkpaina
JlocniDkeHHST TPHCBSYCHE pPO3pOOIl BIOCKOHAIICHHX CHUCTEM HAa OCHOBI OINKIB IS JIOCTABKH JIIKAPCHKUX 3aco0iB, 30Kpema,
nokcopy6inuay (DOX) - IpOTHITYXJIMHHOTO areHTa, 3 IHTErPaIi€l0 PaJiOHyKITIIHUX (KOMIUICKCH TEXHEIiF0-99m) Ta (h1yopeclieHTHUX
(metmneHouit Onakutauid (MB), inpouianin 3enenui (IG), nianinosuii 6apank AK7-5 Ta ckBapaiHoBuii 6apBHuK SQ1) MomambHOCTEH.
ba3yiounch Ha HALMX MOMEPEHIX TOCIIPKEHHSX, B AKMX OLIKOBAa KOMIIOHEHTAa HAaHOIIEPEHOCHHUKIB OyJia IpecTaBieHa abOyMiHOM, B
naniit pobori Tpanchepus (TRF) Oymo 3acTocoBaHO 5K KOMIUIEMEHTapHY OUIKOBY CKJIa[IOBY [UIsl CTBOPEHHsI OUIBII CKIIaJHOI Ta TapreT-
crermpiuHOi MIaTGopMH AOCTaBKH. MeETOA MOJEKYISIPHOTO JOKIHTY OyJO 3acTOCOBaHO M JAW3aifHy Ta XapakTepu3amii
MYJIBTUMOJAJIFHIX CHCTEM JOCTAaBKH, IO BKIFOYAIOTH pagiodapMnpenapar Ta (GyopecueHTHI OapBHUKH OIMKHBOTO iHPPauepBOHOTO
cnektpy. OTpuMaHi pe3ylbTaTH IOKa3allkd, MO pafiodapMipenapaTd Ha OCHOBI TEXHEUiI0-99m 3B’S3YIOTBCS 3a JOMOMOTOIO
HEKOBAJICHTHHX 3B’5I3KIB 3 JTIOJCHKUM CHpOBaTKOBHM ansOyminom (HSA) ta fioro kommiekcamu 3 TpanchepuHoM. KomrrekcHuit ananis
JIAHUX JOKIHTY Ta aMiHOKHCIIOTHUX 3aJIMIIKIB, 0 OepyTh y4acTh y B3aeMopil, BusABUB, mo cuctemMu HSA-TRF-TcHyn/TcMEB/TcDIS-
DOX-IG/SQ1 neMoHCTpyrOTh HaWOUTBIIT BUCOKWI HMOTEHIlia) JUIsl eKCIIEpUMEHTANIBHOI Bepudikanil Ta nopanbmoi po3podku. Li nani
cBimuath, mo komiuiekck HSA-TRF € mepcrniekTHBHMMEH HAHOHOCISIMH 3 MOJBIMHOIO Bisyamizamiero mas goctaBku DOX, ski
XapaKTePHU3yIOTHCS MiABUILCHHIM TEPaneBTHYHOT e(peKTUBHOCTI IPU OJJHOYACHIH MiHIMi3allii CHCTEMHOI TOKCHYHOCTI B OHKOTepalrtil.
KuarouoBi ciioBa: nanocucmemu d0ocmagku 1iKie, AOOCKULL CUPOBAMKOBUIL ANbOYMIH, Mpancgepur, OOKcOpYOIYyuH, KOMNIEKCU
mexueyiro; Qayopecyenmmui 6APEHUKU, MONEKYIAPHUL OOKIHE



