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The development of multifunctional drug delivery systems that integrate therapeutic and diagnostic capabilities remains a major
challenge in oncology. In the present work we investigated hybrid carriers composed of human serum albumin and hemoglobin (HSA-
HD) for doxorubicin (DOX) delivery combined with radionuclide and fluorescence imaging. Using molecular docking simulations, we
systematically evaluated the interactions of HSA-Hb assemblies with twelve technetium-99m (**™Tc¢)-labeled radiopharmaceuticals,
DOX, and four near-infrared (NIR) dyes. The results revealed that hemoglobin markedly expands the binding landscape, providing
exclusive and high-affinity sites for several *"Tc complexes (notably TcMEB and TcDIS), while also serving as the primary scaffold
for DOX and NIR dyes. Two distinct DOX-binding pockets were identified within Hb subunits, suggesting enhanced drug stability
and potential responsiveness to tumor hypoxia. Fluorescent dyes, including methylene blue, indocyanine green, AK7-5, and SQ1,
exhibited preferential binding to Hb with affinities higher than those observed for albumin, indicating superior suitability for optical
imaging. Importantly, the partitioning of radiopharmaceuticals to albumin and therapeutic/imaging ligands to hemoglobin reduced
binding competition and enabled the simultaneous integration of multimodal functions within a single construct. These findings
highlight HSA-HDb nanocarriers as promising candidates for next-generation theranostic platforms, combining efficient DOX delivery
with non-invasive radionuclide and fluorescence monitoring.

Keywords: Protein-based drug delivery nanosystems, Human serum albumin, Hemoglobin, Doxorubicin, Technetium complexes, Near
infrared dyes, Molecular docking
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Advancing the design of multifunctional drug delivery systems remains a pivotal objective in oncological research,
particularly when addressing the therapeutic limitations of cytotoxic agents such as doxorubicin (DOX) [1,2]. The challenge
lies in achieving targeted delivery with minimal off-target effects, while simultaneously enabling real-time visualization of
drug distribution [3]. Protein-based nanocarriers have garnered significant attention due to their favorable pharmacological
profiles, including biodegradability, low immunogenicity, and the ability to accommodate both therapeutic and diagnostic
payloads. Among these, human serum albumin (HSA) continues to serve as a cornerstone in drug delivery strategies, owing
to its high binding capacity, extended systemic half-life, and preferential accumulation in tumor tissues via the enhanced
permeability and retention (EPR) effect [4]. Building upon our prior investigations into albumin-based hybrid systems
incorporating transferrin or lysozyme [5-7], we now turn our focus to hemoglobin (Hb) as a co-carrier in the development
of DOX delivery platforms. Hemoglobin, a tetrameric metalloprotein with intrinsic oxygen-carrying functionality, presents
unique physicochemical properties that may be harnessed for drug encapsulation and release [8]. Its quaternary structure,
redox-active heme groups, and responsiveness to pH and oxidative stress render it a compelling candidate for tumor-targeted
delivery, particularly in hypoxic microenvironments where conventional carriers may falter. In this study, we employ
computational modeling techniques to elucidate the molecular architecture and binding energetics of DOX within albumin-
hemoglobin hybrid systems. Furthermore, we investigate the feasibility of integrating radionuclide and fluorescent imaging
modalities into the carrier architecture, aiming to establish a dual-functional system capable of both therapeutic action and
non-invasive biodistribution tracking. Through this approach, we seek to expand the repertoire of protein-based theranostic
agents and contribute to the rational design of next-generation delivery vehicles tailored for precision oncology.

METHODS
To construct the protein-based drug delivery systems (PDDS), the dimeric structure of human serum albumin (HSA)
was utilized as the foundational scaffold, retrieved from the Protein Data Bank (PDB ID: 1A06). Hemoglobin (Hb, human
deoxyhemoglobin, PDB ID: 2DN2) was introduced as a secondary protein component to explore its potential synergistic
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role in doxorubicin (DOX) transport and imaging agent integration. A panel of twelve technetium-99m-labeled
radiopharmaceuticals was selected to evaluate the compatibility of the PDDS with nuclear imaging modalities. Complete
characteristics as well as the structures of the employed complexes are given in [5-7]. To enable dual-modality imaging,
these radiotracers were paired with four near-infrared (NIR) fluorescent dyes: methylene blue (MB), indocyanine green
(IG), cyanine derivative AK7-5, and squaraine-based SQ1. Molecular docking simulations were performed using the
HDOCK platform to identify favorable interaction sites for DOX, technetium-labeled compounds, and NIR dyes within
the HSA-Hb assemblies. Ligand structures were generated using MarvinSketch (version 18.10.0) and subsequently
refined through energy minimization in Avogadro (version 1.1.0). The resulting docking poses were visualized and
examined using UCSF Chimera (version 1.14), and protein-ligand interactions were further characterized using the
Protein-Ligand Interaction Profiler tool [9].

RESULTS AND DISCUSSION

Our previous investigations have examined the versatility of albumin-centered drug delivery platforms for
transporting doxorubicin (DOX), particularly in combination with technetium-99m-based radiotracers (TCC) and near-
infrared (NIR) fluorescent dyes to enable multimodal imaging [5-7]. In our initial study, human serum albumin (HSA)
was identified as a robust carrier capable of forming stable complexes with both radionuclide agents and optical probes.
Computational analyses, including molecular docking and short-timescale molecular dynamics simulations, confirmed
the structural integrity and high-affinity interactions of these hybrid nanocarriers, underscoring their potential for
theranostic applications. Building upon this framework, subsequent works expanded the carrier design by introducing
transferrin (TRF) and lysozyme (Lz) as auxiliary protein partners to albumin, thereby probing their capacity to enhance
tumor targeting and cellular uptake. Both HSA-TRF and HSA-Lz hybrid platforms demonstrated preserved compatibility
with TCC agents and NIR dyes, confirming their potential to optimize the therapeutic precision and overall performance
of DOX delivery systems. In continuation of this line of research, the present study directs attention to albumin-
hemoglobin (HSA-Hb) assemblies. By characterizing their molecular interactions with DOX, technetium-based
radiopharmaceuticals, and fluorescent probes, we evaluate the suitability of HSA-Hb complexes as next-generation
multimodal carriers. Particular emphasis is placed on binding energetics, conformational stability, and their potential to
advance the dual goals of effective therapy and non-invasive imaging.

Molecular docking simulations revealed a distinct hierarchy in the binding affinities of technetium-99m-labeled
compounds (TCC) to the HSA-Hb complexes (Fig. 1, left panel). Analysis of the best docking scores (BDS) indicated
that TcCHYN exhibited the strongest interaction, followed by TcDIS, TcDTPA, and TcMEB.
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Figure 1. Absolute values (left panel) and changes (right panel) in the best docking score values obtained for the TCC complexes
with HSA in the absence and presence of Hb

Intermediate affinities were observed for TcSES, TcDMSA, TcMAG, and TcMED, while TcTET, TcECD, TcEXA,
and TcPER showed comparatively weaker binding. The top BDS values for HSA-Hb complexes reached -251.54,
corresponding to 38 interface residues contributing to ligand stabilization (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-hemoglobin (Hb) associates

TCC HSA-Hb-TCC interface residues

HSA Hb

ASPyop*, PRO1008, GLUio1s,
ARGi048, ASN1398B, ALA 1428,
HSDi438, TYRu4s8, SER3sc, PHE36c, | Hydrophobic

TcSES PROs7¢c, THR3sc, LEU100c, GLU101p, | interactions, hydrogen
ARG 04D, LEU 05D, ASNiosp, | bonds

ALA 128D, GLNi31D, LYSi32p,
VALi34p, ALA135D, ASN139p

Type of interactions
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TCC HSA-Hb-TCC interface residues . .
Type of interactions
HSA Hb
TeTET GLN39B, ARGuo, GLU438, HSD978, | Hydrophobic
PRO44c, ARGo2c interactions

THR38a, THR41a, TYR424, LEU2sp,
LEUsip, LEUs2p, THR3sp, PHE4ip,
TcMED ALA300B, ASP3018, LEU3028 PHE4p, HSDs3p, VALep, LEUgsp, | Hydrogen bonds
HSDy7p, VAL9sp, ASP9op, ASNio2p,
PHE103p, LEU106D

THR41a, TYR424, LEU2sp, LEUsip,
LEUs2p, THR3sp, PHE4ip, PHE42p,

TeMAG ALAs0s, ASPs0i HSDe3p, VALe7p, HSD97p, VALosp, Hydrogen bonds
ASPyop, ASN102D
LEUi1sa, VALiisa, ARGi117a, PRO1i3sa, Hydrophobic
TCEXA METi23a, PHEi3a, LYSi37a, TYRissa, interactions, hydrogen
LEUis9a, GLUi41a, ILEi42a, ARGissa, bonds ?
TYRi61a, PHE165a, LEU1824, ARG186A
LEUiuiss, ARGii178, PROi1i1ss, MET238, Hydrophobic
TeECD PHE348, LYSi378, TYRusss, GLUu4is, interactions, hydrogen

ILE1428, TYRisiB, LEUis2B, ASPisss,
LEUis58, ARG1s6B

TcDMSA LEUiisa, VALisa, ARGi17a, PROuisa,
METi23a, TYRizsa, ILEis2a, HSDi4ea,
PHE149a, LEUissaa, PHEis7a, TYRieia,
LEUis2a, LEUissa, ARGisea, ASPig7a,
GLUisga, GLY 1894, LY S190a

TeDIS PRO37a, THR38a, GLN1318, LY S1328, Hydrop .hOblC
interactions, hydrogen

ALA1358, ASN1398, ASN139p, ALA142D bonds, salt bridges

bonds, salt bridges

Hydrogen bonds, salt
bridges

TcPER ALA28B, TYR308, LEUssB, HSDs78, PHE708B,
GLY71B, ASNop, HSP2478, GLY24sB, Hydrogen bonds
ASP2498, LEU2508
TcDTPA LEUiisa, VALisa, ARGi17a, PRO1i3sa,
METi23a, PHEi34a, LEUissa, LYSi37a, Hydrogen bonds, salt
TYRi3sa, GLUiais, ILEi428, TYRisia, bridges
LEUis2a, ARGisea
TcHYN GLU3ss3a, LEUsg7za, ASN3oia, LEU304a,
LEUa430a, LEUss3a, SERasoa, GLUa024, Hydrogen bonds, =-
ALA4osa, LEUso7a, VALaooa, ARG4i10a, stacking, salt bridges
TYRa11a, LYSS541a, GLUs424, LY Ss45a
TcMEB LEUssa, SER3sa, PHEszsa, PRO37a,
THR38a, VAL18, GLNi31B, LYS1328, Hydrophobic
ALA\358B, ASN1398, PRO00p, interactions, hydrogen
ARG 04D, ALA 138D, ASN139p, bonds ?

ALA142p, HSD143p, LYS144p,
TYRui4sp, HSD146D

*A, B, C, D denote hemoglobin subunits

The incorporation of hemoglobin into the albumin scaffold significantly altered the ligand-binding landscape. Notably,
the presence of Hb enhanced the binding affinity for several TCC agents, particularly TcMEB and TcDIS, suggesting that Hb
introduces novel interaction sites or stabilizes conformational states favorable for ligand accommodation. Moderate affinity
improvements were also observed for TcSES, TcMAG, and TcMED when bound to Hb-containing assemblies. Interestingly,
four radiopharmaceuticals, TcSES, TcTET, TcMEB, and TcDIS, exhibited exclusive binding to the Hb component within the
HSA-Hb complex (Fig. 2), with affinities surpassing those observed for albumin alone (Fig. 1, right panel).

This selective binding implies that hemoglobin not only complements HSA carrier function but may also serve as a
primary docking site for certain radiopharmaceuticals. From a mechanistic perspective, tetrameric structure of Hb and its
diverse subunit interfaces likely contribute to the formation of deeper or more electrostatically favorable pockets for TCC
binding. Moreover, the redox-active nature of the heme groups may influence the local electronic environment, potentially
stabilizing technetium complexes through transient coordination or polar interactions. These findings underscore the value
of hemoglobin as a co-carrier in multimodal drug delivery systems, particularly for radiolabeled agents.

To assess the therapeutic potential of the HSA-Hb platform, we constructed ternary complexes by docking
doxorubicin (DOX) onto the most favorable protein-TCC assemblies. The results revealed that DOX binding was
significantly influenced by the presence of hemoglobin. Specifically, systems containing TcDTPA, TcDMSA, TcEXA,
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and TcMED exhibited marked increases in DOX affinity when Hb was present. This suggests a cooperative effect, where
the initial TCC binding induces conformational changes or exposes cryptic sites on Hb that are conducive to DOX
interaction. In contrast, lysozyme-based systems analyzed in previous studies [5-7] showed only modest improvements
in DOX binding, limited to TcTET and TcMED complexes. This comparison highlights the superior adaptability of
hemoglobin in accommodating multiple ligands simultaneously, likely due to its larger surface area and more flexible
quaternary structure.

Figure 2. Best docking poses for TCC complexation with HSA-Hb systems

Detailed mapping of DOX binding sites within the HSA-Hb complexes revealed two distinct regions, both located
exclusively on the hemoglobin molecule. The first site, observed in TcDIS and TcMEB systems, involved 15 residues
from the A, B, and D subunits. The second, more extensive site, present in all other ternary complexes, comprised 25
residues spanning the A, B, and C subunits (Fig. 3; Table 2). These sites are likely stabilized by a combination of
hydrophobic interactions and hydrogen bonding, facilitated by the amphipathic nature of DOX and the diverse chemical
environment of Hb.

TePER (e o &, TeDMSA
- ' &4 TeDTPA

Figure 3. The highest affinity binding sites for DOX in HSA-Hb assemblies

Functionally, this Hb-mediated interaction may have twofold significance. First, Hb could act as a stabilizing
scaffold that shields DOX from premature release in circulation, potentially lowering systemic toxicity. Second, the
multivalent subunit interactions may facilitate drug retention within the hypoxic tumor microenvironment, where Hb
oxygen-binding properties could further influence drug pharmacodynamics.

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

HSA-Hb-TCC-DOX interface residues Type of
Complex interactions
HSA Hb
VALia*, LEU2a, LYS99a, LEU100a, SER1024, HSD1034, Hydrophobic
HSA-Hb-DOX LEUio06a, ASP126a, LY S127a, ALA130a, SER1314, TYR35B, interactions
TRP378, GLU101B, LEU1058, ASN108B, ASPoac, PROosc, hvdrogen bor;ds
VALosc, THR137¢, SER138¢, LY S139¢, TYR140c, ARG141C yarog
VALI1a, LEU2a, LYSo9a, LEU100a, SER1024, HSD1034, Hydrophobic
HSA-Hb-TcSES- LEU106a, ASP126a, LYS127a, ALA130a, SER1314, TYR35B, in};eractions
DOX TRP378, GLU1018, LEU1058, ASN1088, ASPosc, PROosc, hvdrogen bon,ds
VALgec, THRi37¢, SER138¢, LY S139¢c, TYR140c, ARGi41¢ ydrog
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HSA-Hb-TCC-DOX interface residues Type of
Complex HSA Hb interactions
VALi1a, LEU2a, LY S99, LEU100a, SER1024, HSD1034, Hydrophobic
HSA-Hb-TcTET- LEU106a, ASP126a, LYS127a, ALA130a, SER1314, TYR35B, in};erac}?tions
DOX TRP378, GLU1018, LEU1058, ASN1088, ASPosc, PROosc, hvdrogen bor; ds
VALosc, THR137¢, SER138¢, LY S139¢, TYR140c, ARGl41¢ ydrog
VALi1a, LEU2a, LYS99a, LEU100a, SER1024, HSD1034, Hydrophobic
HSA-Hb-TcMED- LEUi06a, ASP126a, LYS127a, ALA130a, SER1314, TYRG5B, interactions
DOX TRP378, GLU101B, LEU1058B, ASN108B, ASP9ac, PROosc, hvdrogen bon’ds
VALvsc, THR137¢, SER138¢, LY S139¢, TYR140c, ARG141C yarog
VAL:1a, LEU2a, LY S99a, LEU100A, SER 1024, HSD1034,
LEU106a, ASP126a, LYS127a, ALA130a, SER1314, TYR35B, Hydrophobic
HSA'H];’(‘)T;;“MAG' TRP378, GLU 1015, LEU053, ASN10ss, ASPosc, PROosc, interactions,
VALosc, LYSo9c, THR137¢, SER138¢, LY S139¢, TYR140c, hydrogen bonds
ARGu41c
VALi1a, LEU2a, LY S99, LEU100a, SER1024, HSD1034, Hydrophobic
HSA-Hb-TcEXA- LEUi06a, ASP26a, LYS127a, ALA130a, SER1314, TYR35B, interactions
DOX TRP378, GLU1018, LEU1058, ASN1088, ASPosc, PROosc, hvdrogen bOI; ds
VALogsc, THR137¢, SER138¢, LY S139¢, TYR140c, ARG141C yarog
VAL:ia, LEU2a, LY S99a, LEU100a, SER 1024, HSD1034, Hvdrophobic
HSA-Hb-TcECD- LEUj106a, ASP126a, LYS127a, ALA130a, SER1314, TYR35B, . 3; pt'
DOX TRP378, GLU1018, LEU1058, ASN108B, ASP9ac, PROosc, h 131 erac lgns,d
VALosc, THR137¢c, SER138¢, LYS139¢, TYR140c, ARG141C ydrogen bonds
VALi1a, LEU2a, LY S99, LEU100a, SER1024, HSD1034, Hydrophobic
HSA-Hb-TcDMSA- LEU106a, ASP126a, LYS127a, ALA130a, SER1314, TYR35B, interactions
DOX TRP378, GLU1018, LEU1058, ASN1088, ASPosc, PROosc, hvdrogen bon’ ds
VALosc, THR137¢, SER138¢, LY S139¢, TYR140c, ARGl41¢ yarog
HSA-Hb-TcDIS- PHE36a, LY S99a, LEU100a, SER1024, HSD103a, ASP1264, Hydrophobic
DOX TYR3s8, GLU101B, ARG1048, LEU105B, ASN10ss, GLN1318, interactions,
VALizs, ALA13s, GLU101D hydrogen bonds
VALi1a, LEU2a, LY S99, LEU100a, SER1024, HSD1034, Hydrophobic
HSA-Hb-TcPER- LEU106a, ASP126a, LYS127a, ALA130a, SER1314, TYR35B, in};erac}?tions
DOX TRP378, GLU1018, LEU1058, ASN1088, ASPosc, PROosc, hvdrogen bon’ ds
VALosc, THR137¢, SER138¢, LY S139¢, TYR140c, ARGl41¢ ydrog
VALi1a, LEU2a, LY S99, LEU100a, SER1024, HSD1034, Hydrophobic
HSA-Hb-TcDTPA- LEUio6a, ASP126a, LYS127a, ALA130a, SER1314, TYRG5B, interactions
DOX TRP378, GLU1018, LEU1058B, ASN108B, ASP9ac, PROosc, hvdrogen bon’ds
VALvsc, THR137¢, SER138¢, LY S139¢, TYR140c, ARG141C yarog
VALia, LEU2a, LYS99a, LEU100a, SER 1024, HSD1034, Hydrophobic
HSA-Hb-TcHYN- LEU106a, ASP126a, LYS127a, ALA130a, SER1314, TYR35B, in};erac tions
DOX TRP378, GLU1018, LEU1058, ASN1088, ASPosc, PROosc, hvdrogen b01‘;ds
VALosc, THR137¢, SER138¢, LY S139¢, TYR140c, ARGl41¢ ydrog
PHE36a, LY So9a, LEU100a, SER1024, HSD103a, ASP1264, Hydrophobic
HSA_I]{;DC_)];MEB_ TYR3s8, GLU1018, ARG1048, LEU1058, ASN10s8, GLN1318, interactions,
VALiz, ALA13s8, GLU101D hydrogen bonds

To assess the feasibility of multimodal imaging, the ternary HSA-Hb-TCC-DOX systems were subsequently docked
with four near-infrared dyes: methylene blue (MB), indocyanine green (IG), AK7-5, and squaraine SQI1. The results
underscored that the incorporation of Hb reshaped fluorophore binding preferences relative to albumin-only carriers. For
MB, the canonical albumin binding site encompassing residues LEU115-ARG186 (site HSA115-186) was preserved in
HSA-DOX and HSA-TCC-DOX complexes (Fig. 4). However, in HSA-Hb hybrids, MB predominantly engaged residues
from both proteins, suggesting cooperative binding interfaces. Interestingly, MB affinity generally increased in HSA-Hb
complexes compared to albumin alone, with exceptions observed in systems containing TcMED, TcEXA, TcDMSA, and
TcDTPA.

In contrast, IG exhibited exclusive interactions with Hb, binding primarily within a site composed of 20 amino acids
from the A, C, and D subunits (Fig. 5). Moreover, IG affinity was consistently higher in Hb-containing systems compared
to albumin, highlighting hemoglobin as a superior scaffold for NIR dye incorporation. A similar trend was observed for
the emerging fluorophores AK7-5 and SQ1 (data not shown), whose binding pockets were localized exclusively on Hb
subunits.

This preferential dye association with hemoglobin is particularly noteworthy for theranostic design. By concentrating
fluorescent reporters on Hb subunits, the hybrid carriers may achieve enhanced optical signal intensity and improved
imaging contrast. Additionally, the spatial segregation of DOX and fluorophores within different Hb domains could
reduce steric hindrance, ensuring that therapeutic and diagnostic functions are maintained simultaneously.
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Figure 4. The most energetically favorable
docking poses in the complexes HSA-Hb-
TCC-DOX-MB

Taken together, these results highlight the transformative role of Hb when integrated with albumin in protein-based
carriers. By expanding the available binding landscape, Hb improves affinity for key radiopharmaceuticals (notably
TcMEB and TcDIS), provides exclusive and stable pockets for DOX, and preferentially anchors fluorescent dyes. The
observed behavior of ligands within the hybrid nanosystems suggest that albumin primarily stabilizes technetium-based
radiopharmaceuticals, while hemoglobin serves as the dominant host for DOX and NIR dyes. Such separation may
optimize loading efficiency, minimize interference between ligands, and allow simultaneous therapeutic and diagnostic
functions.

TcDMSA
— TeDTPA

Figure 5. The most energetically favorable
docking poses in the complexes HSA-Hb-TCC-
DOX-IG.
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From a clinical standpoint, HSA-Hb hybrids may offer several advantages over existing platforms. Intrinsic oxygen
transport properties of Hb could modulate drug release in hypoxic tumors, addressing one of the most intractable barriers
in chemotherapy. The preferential fluorophore binding observed for Hb also suggests superior fluorescence imaging
capabilities, which are crucial for real-time surgical navigation and longitudinal monitoring of drug biodistribution.
Finally, the strong and specific interactions predicted computationally provide a rationale for experimental development
of HSA-Hb carriers as theranostic systems.

Future work should focus on validating these computational findings through experimental assays, including in vitro
binding studies, cellular uptake analyses, and in vivo biodistribution imaging. Additionally, the potential immunogenicity
and metabolic fate of hemoglobin-based carriers warrant careful evaluation to ensure clinical viability.

CONCLUSIONS

In conclusion, the present study demonstrates that hybrid assemblies of human serum albumin and hemoglobin
(HSA-Hb) provide a versatile platform for doxorubicin delivery with integrated radionuclide and fluorescence imaging
functionalities. Computational docking revealed that hemoglobin significantly expands the binding landscape, enabling
preferential and stronger interactions with several technetium-99m radiopharmaceuticals while also serving as the
dominant binding site for both doxorubicin and near-infrared fluorophores. This redistribution of ligand affinities between
albumin and hemoglobin reduces competition for binding pockets and allows simultaneous incorporation of therapeutic
and diagnostic agents within a single carrier. The spatial separation of ligands across albumin and hemoglobin subunits
suggests a functional complementarity that could enhance drug stability, facilitate controlled release under tumor-specific
conditions, and improve imaging contrast for multimodal theranostics. Taken together, our findings highlight HSA-Hb
systems as promising candidates for the rational design of next-generation protein-based nanocarriers that combine
therapeutic efficacy with real-time monitoring, paving the way for their further experimental validation and translational
development.
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KOMIT’KOTEPHE JOCJILJXKEHHSI CUCTEM JOCTABKMU JIIKIB 3 PAJJIOHYKJIITHUMHU TA
®JYOPECHEHTHUMHU MOJAJBHOCTSIMM BI3Y AJIIBALIILL.
IV. CUICTEMMU HA OCHOBI AJIbBYMIHY TA TEMOIVIOBIHY JUI51 JOCTABKHU JOKCOPYBILUHY
B. Tpycosa?, Y. Manosuus?, I1. Ky3unenos®, I. SikumenxoP, I. Kapuayxos¢, A. 3eaincokuii®, 5. Bopu®,
L. Ymakos¢, JI. Cinenko®, I'. 'op6enko?®
“Kagedpa meouunoi ¢hizuxu ma 6iomeduunux HaHomexnono2it, Xapxiscokuil Hayionanvhuil ynisepcumem imeni B.H. Kapasina
M. Ceoboou 4, Xapkis, 61022, Vrpaina
bKagpedpa gpizuxu adpa ma sucoxux enepeiii imeni O.1. Axiezepa, Xapxiscoxuil nayionanvuuii yuisepcumem imeni B.H. Kapazina
m. Ceoboou 4, Xapxie, 61022, Vrpaina
¢Hayionanenutl naykosuil yenmp «Xapkigcokuil (hizuxo - mexuiunui incmumymy, Xapxis, eyn. Akaoemiuna, 1, 61108, Vkpaina
Po3pobka MyJIbTU(QYHKLIIOHAIFHUX CHCTEM JOCTaBKHM JIIKapCBKUX 3aco0iB, IO MOETHYIOTh TEPANeBTUYHI Ta JiarHOCTHYHI
MOXJIMBOCTI, 3aJIMIIAETHCS OHUM 13 KIIFOUOBHUX BUKIIMKIB Cy4acHOI OHKOJIOTII. Y naHiil poOoTi AOCIiKEeHO riOpHIHI HOCIT Ha OCHOBI
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CHPOBATKOBOTO aTb0yMiHY JtoauHU Ta remoriodiny (HSA-Hb) ans moctaBku nokcopy6inuny (DOX), mo MicTHIH paJioHYKIIiAHI Ta
(ryopeceHTHI MOJISKY/IH-PEopTepH. 3a JOMOMOT0I0 METOLY MOJISKYJIIPHOTO IOKIHTY OYJI0 TPOaHasIi30BaHO B3a€EMO/IIF0 KOMILIEKCIB
HSA-Hb i3 gananusTeMa pagiopapMipenapaTaMi Ha OcHOBI TexHewio-99m (**"Tc), DOX Ta 4oTupMa GapBHUKaMH OJIMKHBOT
inppauepsonoi (NIR) obmacti. Pesynbrat mokaszanu, mo reMorsiobiH CYTTEBO PO3LIMPIOE CIEKTP 3B’sA3yBaHHs, 3a0e3Neuyioun
yHikaibHi Ta Bucokoaddinui caifTu 11 Kiibkox kKomiuiekcis ®MTc (30kpema T¢MEB Ta TcDIS), a Takok BHCTYNa€ OCHOBHHM
marpuuauM OinkoMm uist DOX 1 NIR-6apsuukiB. Ycepenuni cy6onunuups Hb Oynu inentudikoBaHi 1Ba okpeMi caiiTh 3B’s13yBaHHS
DOX, mo Bka3ye Ha HiIBHIIEHY cTaOUIBHICTD IIpenapary Ta MOTeHIIHHY Yy TJIMBICTh A0 Tinokcil myxinH. dixyopeclieHTHI 6apBHUKHY,
BKJIFOYHO 3 METHJIEHOBUM CHHIM, iHAoNiaHiHOBUM 3eneHnM, AK7-5 Ta SQ1, nemoncTpyBanu nepeBakHe 3B s13yBanHs 3 Hb i3 Oinbmoro
CIOPIAHEHICTIO, HIK 70 albOyMiHy, IO CBIAYMTH IPO Kpally HNPUIATHICTH IS ONTHUYHOI Bizyamizamii. Baxmmso, mo addinicts
paniodapmipenapaTis 10 anb0yMiHy, a TepaleBTHYHUX Ta JIarHOCTHYHUX areHTIiB — JI0 TeMOMIOOIHY 3HIDKYBajla KOHKYPEHIIIO 3a
caiiTh 3B’sA3yBaHHA Ta 3a0e3ledyBajia OJHOYACHY IHTETrpalil0 MYyJIbTUMOAAIBHUX (YHKIIH B MeXax OIHi€l HAHOIIIAT(OPMHU.
OtpumaHi pe3ynbTaT cBigdath, mo HSA-Hb HaHOHOCIT € MepCeKTUBHMU KaHIUIATaMH Uil CTBOPCHHS HOBITHIX TEPaHOCTHYHHX
w1aTGopM, 10 NOENHYIOTh eekTHBHY nqocTaBKy DOX 3 HeiHBa3MBHUM PaliOHYKIITHUM Ta (GIyopecleHTHUM MOHITOPHHTOM.
KurouoBi cioBa: nanocucmemu docmagku aikieé Ha 0CHOGI OINKig; TH0OCLKUL CUPOBAMKOBUL ANbOYMIH,; 2eM02NI00iH; 00KCOPYOIYuH,
KOMRAEKCU mexHeyilo; inghpauepeoni 6apeHuKiL; MOIEKYISPHULL OOKIHE



