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The rational design of technetium-99m (**™Tc)-based radiopharmaceuticals requires a nuanced understanding of how physicochemical
properties influence in vivo behavior and molecular interactions. In this study, we employed an integrated in silico framework to
characterize ten clinically relevant ®™Tc-labeled tracers using ADMET prediction, molecular docking with functional proteins
(albumin, insulin, lysozyme), and multivariate statistical analysis. The results revealed that polarity, hydrogen bonding capacity, and
molecular flexibility critically govern both pharmacokinetic properties and protein-binding profiles. Tracers such as TcSES and TcTET,
with low topological polar surface area and minimal binding affinity, were associated with rapid clearance and are well suited for
dynamic imaging protocols. In contrast, compounds like TcDTPA and TcDIS demonstrated strong albumin interaction and metabolic
stability, supporting their use in delayed-phase imaging. TCHYN emerged as a unique tracer, exhibiting extreme polarity and
promiscuous high-affinity binding across multiple protein targets. Principal component analysis and hierarchical clustering grouped
tracers into functionally distinct categories, highlighting structure-dependent design trends. Collectively, these findings suggest that
combined ADMET-docking profiling offers a scalable strategy for preclinical evaluation and supports the development of safer, more
targeted **™Tc-based radiopharmaceuticals.
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Radiotracers based on technetium-99m (°*™Tc) remain at the forefront of diagnostic nuclear medicine, enabling non-
invasive visualization of physiological and pathological processes across a broad spectrum of clinical applications [1].
Their widespread use is underpinned by favorable nuclear properties, well-established radiochemistry, and ability to tailor
molecular structures for targeted imaging of specific organs and disease states. However, the continual evolution of
molecular imaging demands rigorous preclinical evaluation of new and existing radiotracers to optimize their
pharmacokinetic behavior, safety, and diagnostic efficacy. Along with high target specificity, the effective design of
radiopharmaceuticals necessitates optimal biodistribution, metabolic stability, minimal off-target toxicity, and favorable
protein-binding characteristics. In particular, interactions with transport and carrier proteins, such as serum albumin,
insulin, and lysozyme, can profoundly influence plasma retention, tissue delivery, and imaging contrast [2]. However,
systematic molecular-level comparisons across multiple *™Tc compounds are rarely undertaken, in part due to the cost
and complexity of experimental pharmacological profiling. In this context, in silico methodologies offer a compelling
alternative. In particular, advanced platforms such as ADMETIab 3.0 enable high-throughput prediction of absorption,
distribution, metabolism, excretion, and toxicity (ADMET) properties [3], while molecular docking allows for detailed
interrogation of tracer-protein interactions at atomic resolution. When used in concert, these tools provide a
multidimensional framework for evaluating the safety, efficacy, and mechanistic underpinnings of radiopharmaceuticals.
The present work is directed at comprehensive in silico characterization of clinically relevant *™Tc-based tracers,
integrating ADMET predictions with molecular docking against three functionally relevant proteins, human serum
albumin, insulin, and lysozyme. Our aim is to uncover structure-dependent trends in pharmacokinetics and binding
profiles, offering mechanistic insights that may guide future tracer design and optimization strategies.

METHODS

A representative set of ten clinically utilized technetium-99m (*™Tc)-based radiopharmaceuticals was selected to
capture structural diversity across approved diagnostic agents. The compounds analyzed included [**™Tc]Tc-Sestamibi
(TcSES), [®™Tc]Tc-Tetrofosmin  (TcTET), [*™Tc]Tc-Medronate (TcMED), [*™Tc]Tc-dimercaptosuccinic acid
(TcDMSA), [*"Tc]Tc-diethylenetriaminepentaacetate  (TcDTPA), [*™Tc]Tc-mercaptoacetyltriglycine (TcMAG),
[*™Tc]Te-diisopropyl iminodiacetic acid (TcDIS), [*™Tc]Tc-ethylene cysteine dimer (TcECD), [*™Tc]Tc-Mebrofenin
(TcMEB), and [*™Tc]Tc-hydrazinonicotinic acid conjugate-H6F (TcHYN). Physicochemical and pharmacokinetic
parameters were predicted using ADMETIab 3.0 (https://admetlab3.scbdd.com/), an integrated platform for the data-
driven prediction of ADME and toxicity profiles. Each compound was converted to a canonical SMILES representation
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and processed through the platform to retrieve a comprehensive panel of descriptors. Predicted parameters included
molecular weight, topological polar surface area (TPSA), partition coefficient (logP), hydrogen bond donors and
acceptors, number of rotatable bonds, and absorption-related features such as human intestinal absorption (HIA) and
Caco-2 permeability. Additional metrics included plasma protein binding (PPB), volume of distribution (VDss), blood-
brain barrier (BBB) penetration, hepatic microsomal stability (HLM), total plasma clearance (CL), and biological half-
life (T1). Toxicity endpoints, including AMES mutagenicity, hERG inhibition, drug-induced liver injury (DILI), skin
sensitization, and carcinogenicity, were also assessed. Three biologically relevant proteins, human serum albumin (PDB
ID 1A06), human insulin (PDB ID 4EYN), and human lysozyme (PDB ID 8§Y9W), were selected as docking targets to
evaluate potential interactions of *™Tc-tracers with endogenous carrier and regulatory proteins. Prior to docking, each
protein structure was subjected to 10 ns molecular dynamics relaxation using a standard explicit solvent protocol to ensure
conformational stabilization. Relaxation simulations were performed with position restraints applied to backbone atoms
and standard temperature and pressure conditions. Molecular docking simulations were performed using the HDOCK
server (https://hdock.phys.hust.edu.cn/) [4], a hybrid docking platform integrating template-based modeling and free
docking via a fast FFT-based algorithm. All ligands were submitted as energy-minimized structures. For each protein-
ligand pair, blind docking was conducted to explore global interaction surfaces.

RESULTS AND DISCUSSION
Due to the diversity of their chelating ligands and pharmacophore groups, TCC exhibit substantial chemical
heterogeneity. This complexity underlies their varying pharmacokinetics, biodistribution, and safety profiles. To
systematize this variability, we conducted a high-throughput computational analysis of ten clinically employed *™Tc-
labeled compounds using the ADMETIlab 3.0 platform, focusing on key descriptors of absorption, distribution,
metabolism, excretion, and toxicity (ADMET). The results are given in Table 1.

Table 1. ADMET properties of *™Tc-based radiopharmaceuticals

o a 2 < < a 0 z
2] = =) = & < E Q = >
Z 5 z | 8| 8 = 2 e Z g
= = & = & & = = = =
Mv‘il:igﬁlfr 113.08 | 38224 | 173.95 | 181.97 | 393.14 | 259.03 | 350.18 | 321.1 | 386.05 | 1252.6
TPSA 1359 | 3692 | 120.72 | 74.6 | 19622 | 133.64 | 10694 | 78.73 | 106.94 | 438.63
logP 1.084 | 2.179 | 2.092 04 0914 | 034 | 0055 | 1561 | -0.003 | 1334
Number of
Physicochemical | hydrogen bond 2 4 6 4 13 8 7 6 7 27
properties acceptors
Number of
hydrogen bond 0 0 2 2 5 0 3 1 3 16
donors
Number of
romatablo bonds 2 19 2 3 16 10 10 13 8 45
HIA 0.018 | 0.028 | 0964 | 0317 1 0.016 | 0.798 | 0.009 | 0.445 | 0.606
Absorption Caco-2. 4727 | -5.189 | -594 | -4.884 | 5195 | 4821 | 516 | -5542 | -5305 | -6215
permeability
P-gp substrate | 0.063_| 0.094 0 0.002 0 0.001 0 0 0 0.003
VDss 0115 | 0.028 | -026 | -0171 | -054 | -0413 | -0278 | 0.199 | 0.075 | -0.578
Distribution BBB 0285 | 0.096 0 0.001 0 0216 0 0 0 0
permeability
PPB 2795 | 12.97 | 12224 | 94.613 | 14.538 | 7.819 | 92.556 | 57.144 | 97.438 | 77.494
CYP2D6 0 0.38 0 0 0 0 0 0 0 0
inhibitor
Metabolism CYP3A4 0 0.408 0 0 0 0 0 0.59 0 0
inhibitor
HLM stability 0 0755 | 0.003 | 0286 | 0.077 | 0002 | 0953 | 0989 | 021 0
Excretion CL pasma 10213 | 8257 | 1518 | 1.953 | 1464 | 2.021 | 2.346 | 5.701 | 2.088 | 0.844
xerett Ti 1.739 | 0.797 | 2.224 1.97 1528 | 1.801 | 1.158 | 0.784 | 1264 | 1.563
AMES 1 0.023 | 0078 | 0332 | 0514 | 0782 | 0.149 | 0935 | 0.172 | 0.046
hERG 1 0728 | 0269 | 0.81 | 0.033 | 0.013 | 0.165 | 0.004 | 0.093 | 0.052
DILI 0.116 | 0.006 | 0467 | 0974 | 0331 | 0.779 | 0.142 1 0222 | 091
Toxicity Skin 1 0991 | 0997 | 0857 | 0774 1 0.951 1 098 | 0.557
sensitization
Carcm‘;gem““ 1 0409 | 0987 | 0009 | 0.138 | 0196 | 0853 | 0.032 | 0883 | 0574

As seen from this table, the examined TCC are characterized by a broad distribution in molecular weight (113.08-
1252.6 Da), topological polar surface area (TPSA 13.59-438.63 A?), and lipophilicity (logP; from -2.092 to 2.179). As
expected, two cationic, lipophilic agents used for myocardial perfusion imaging, TcSES and TcTET, exhibited low polarity
(TPSA < 40 A?), moderate lipophilicity, and minimal hydrogen bonding potential. These values align closely with their
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experimentally established passive membrane permeability and mitochondrial accumulation [5]. In contrast, highly polar
tracers such as TcDTPA and TcHYNIC demonstrated elevated TPSA and rotatable bond counts, aligning with their renal
clearance and low membrane permeability [6]. Predicted absorption characteristics were found to correlate also with the
reported clinical behavior of TCC. High human intestinal absorption (HIA > 0.75) was observed for TcDIS and TcMED,
the tracers previously evaluated for enteral administration under experimental protocols. In contrast, TCC with reduced
HIA and Caco-2 permeability (e.g., TCHYNIC, TcDTPA) are administered strictly via intravenous routes, consistent with
their poor predicted epithelial transport.

Analysis of the systemic distribution revealed general low tissue accumulation, as can be judged from the values of
VDss which are ranged from -0.578 to 0.199 L/kg. Notably, only TcSES and TcMAG exhibited predicted blood-brain
barrier (BBB) penetration probabilities above the threshold of 0.2, being in partial agreement with prior studies reporting
minimal but detectable cerebral uptake for lipophilic cationic complexes. Predicted plasma protein binding (PPB) was
also dependent in TCC chemical structure. Specifically, TcMEB, TcDIS and TcDMSA showed PPB > 90%, which is in
line with empirical data confirming strong affinity to serum albumin [7], whereas TcMAG and TcTET exhibited lower
predicted values (<15%), suggesting more rapid plasma clearance.

Predicted hepatic microsomal stability (HLM) also varied markedly across tracers. TcDIS and TcECD exhibited
high metabolic stability (HLM > 0.95), consistent with renal excretion, whereas TcSES and TcMAG showed minimal
stability, aligning with their known hepatobiliary clearance [8,9]. These metabolic trends were reflected in plasma
clearance values, with TcSES demonstrating the highest systemic turnover (10.2 mL/min/kg). All compounds exhibited
half-lives within the clinically favorable range (0.78-2.22 h), balancing imaging efficiency and radiation safety. TcTET
and TcECD showed the shortest predicted half-lives, supporting their utility in dynamic protocols. Toxicity predictions
revealed elevated hERG inhibition risk for TcSES and TcTET, likely due to their cationic lipophilicity and mitochondrial
affinity. TcECD and TcHYNIC were associated with high DILI risk, while TcMED and TcMEB showed increased
carcinogenicity potential. These findings warrant further in vivo validation, particularly for tracers considered for repeated
or high-dose use.

To explore molecular determinants of tracer-protein interactions, we next conducted docking simulations against
human serum albumin (HSA), lysozyme (HLz), and insulin (HIns). The best scored docking poses of the protein-TCC
complexes are presented in Fig. 1.

TeDIS
TeDMSA
)

HLZ TeECD

Hlns

TeMAG
TeMEB
TeDIS

TeDMSA
TeMED TeTET-_|

TeDTPA

Figure 1. Best docking poses of the protein-TCC complexes

The resulting interaction scores and interface maps revealed compound-specific trends in affinity, interaction types,
and binding site architecture (Tables 2-5). The analysis of the obtained data revealed marked differences in binding
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affinity, interaction type, and binding site localization. Accordingly, TCHYN exhibited the strongest affinity across all
targets (-249.5 for HSA, -194.8 for HLz, and -163.7 for Hlns), driven by its extended n-system, high polar surface area,
and flexible coordination geometry. TcDTPA and TcDIS also showed strong binding, particularly to albumin, reflecting
their polyanionic nature and multivalent hydrogen bonding. In contrast, TcSES and TcTET displayed weaker binding,
particularly to insulin, suggesting passive diffusion may be their dominant transport mechanism.

Table 2. Binding affinities of technetium-99m radiopharmaceuticals for functional proteins

TCC Albumin Lysozyme Insulin
TcSES -148.84 -138.37 -116.92
TcTET -141.24 -126.06 -121.66
TcMED -137.01 -133.67 -96.81
TcMAG -137.33 -127.38 -105.69
TcECD -137.71 -120.27 -99.43

TcDMSA -156.73 -132.46 -100.25

TcDIS -170.32 -162.07 -143.44
TcDTPA -182.8 -149.79 -129.09
TcHYN -249.51 -194.79 -163.74
TcMEB -159.93 -153.45 -137.67

Table 3. Interface residues in the complexes of technetium-99m radiopharmaceuticals with human serum albumin

TCC HSA-TCC interface residues Type of interactions
TYRis0a, GLU1s3a, PHE156a, PHE157a, ARG160a, GLU 1884,
TeSES ALA191a, SER1924, LY S195a, GLN196A, LY S199A, ARG2184, Hydrophobic interactions,
ARG2224, HSD2ssa, GLU2924, VAL293a, LY S436a, HSDa440a, hydrogen bonds
TYRa4s24
TeTET ASN1098, ARG114B, LEU1158, ARG1458, LY S1908, GLU4258, Hydrophobic interactions,
ARGu288, GLUs208, ILEs238 hydrogen bonds
LEUi15a, ARG117a, TYR1384, ILE1424, HSD146a, PHE 1494,
TcMED LEUis4a, PHE 574, TYR161a, LEU1824, ASP183a, LEU 854, Hydrogen bonds

ARGissa, ASP1s7a, GLY 1894, LY S190a
ASP107a, ASP10sa, ASN109a, ARG1a5a, HSD146a, PRO1474,
TcMAG TYRui48a, LYS190a, ALA191a, SER1934, ALA194A, ARG1974, Hydrogen bonds, salt bridges
GLUu425A, ASNasga, GLN4soa
LEUi11s8, ARG1178, PRO1188, MET1238, PHE 1348, LY S1378B,
TcECD TYRi3s8, GLU141B, ILE1428, TYR161B, LEU1828, ASP183B,
LEUissB, ARGissB

LEUi1sa, VAL116a, ARG117a, PRO118a, MET 123, TYR1384,

ILE142a, HSD146a, PHE149A, LEU154a, PHE 157, TYR1614,

Hydrophobic interactions,
hydrogen bonds, salt bridges

TeDMSA LEUis24, LEU18sa, ARGigsa, ASPig7a, GLU188a, GLY 1894, Hydrogen bonds, salt bridges
LYS190a
ASN109a, PRO110a, LEU112A, ARG114a, LEU115A, ARGl1454, Hydrophobic interactions
TcDIS HSD146a, ARGisea, LY S190a, PRO421a, GLU4254, GLUs204, yarop ’
hydrogen bonds
ILEs23a
LEU11sa, VAL116a, ARG1174, PRO118a, MET1234, PHE 1344,
TcDTPA LEUissa, LYS137a, TYR138a, GLU1414, ILE1424, TYR1614, Hydrogen bonds, salt bridges

LEUis24, ARGisea
GLUszs3a, LEU387a, ASN391a, LEU304A, LEU1074, VAL409a,
TcHYN ARGu10a, TYR411a, LEU430a, LEU453a, GLU4924, SER489A,
LYSs41a, GLUs424, LY Ss45a
GLUissB, LYS1958, TRP2148, ARG2188, GLN2218, ARG2228B,
TcMEB GLU292B, VAL2938, GLU294B, ASN29s5B, LY S4368, HSDa408,
LY Sa448, PROu4478, CY S4488, ALA4498, ASP4s18, TYR4s528

Hydrogen bonds, n-stacking,
salt bridges

Hydrophobic interactions,
hydrogen bonds, salt bridges

Table 4. Interface residues in the complexes of technetium-99m radiopharmaceuticals with human lysozyme

TCC HLz-TCC interface residues Type of interactions
TeSES ARGs CYS30 LYS33 TRP34 TYR3s ARGi15s CYSi16 ARG119 Hydrogen bonds, hydrophobic
ASPi120 VAL121 ARG122 GLN123 TYR124 interactions
TcTET TYRe3, VAL74, ASN75, ARGlo7 Hydrophobic interactions
TeMED GLUss ASN44 ASN46 SERs1 ASPs3 GLNss ILEso ASNeo ALA 108 Hydrogen bonds

TRP10o VAL110 ALA111

GLU35 ASN4s ASP49 SERs1 ASPs3 GLNss ILEso ASNeo ARGs2
TeMAG TYRe3 TRPss ALA10s TRP109 Hydrogen bonds

TeECD GLU3s5 ASN4s ASN46 ASP49 ASPs3 GLNsg ILEs9 ASNeo SERs1 Hvydrogen bonds
ARGs2 TYR63 TRPssa VAL9o9 GLY 105 ALA10s TRP109 VALi110 yarog
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TCC HLz-TCC interface residues Type of interactions
GLUss ASN4s ASNss ASPs3 GLNsg ILEs9 ASNeo SERs1 ARGe2
TeDMSA TYRe3 TRPssa VALoo GLY 105 ALA10s TRP109 VAL110 ALA111 Hydrogen bonds
TcDIS ASPas, SERs1, ASNso, ARGez, TYR63, ASNys, GLY 105, ALA s | 11Ydrogen bonds, hydrophobic
interactions
GLU3ss ASN4s ASN4s ASP49 SERs1 ASPs3 PHEs7 GLNsg ILEs9
TeDTPA ASNeo ARGe2 TYRe63 TRPs4 ALA10s TRP109 VAL110 ALA111 Hydrogen bonds
TeHYN TYR., TYRes, ASN7s Hydrogen l?onds, hydrophoblc
interactions, n-stacking
TcMEB LYS33 TRP3s ASN114 ARG115 ARG119 ASP120 VAL121 ARGI22 Hydrophobic interactions,
GLNi23 TYRI24 hydrogen bonds, salt bridges
Table 5. Interface residues in the complexes of technetium-99m radiopharmaceuticals with human insulin
TCC HlIns-TCC interface residues Type of interactions
TeSES GLY 14 ILE2a GLNsa TYR14a GLN15a ASNisa TYR19a CY S20a Hydrophobic interactions,
ASN21a PHE245 PHE2s8 hydrogen bonds
TcTET GLNsa, TYRi4a, ASNiga, CYS78, GLU138, ALA148 Hydrophobic interactions,
hydrogen bonds
TeMED ILE2a GLNsa CYSea SER??YHli]iI/(:A TYRi14a GLN1s5a ASNisa Hydrogen bonds
TeMAG GLNsa SERoa ILE10A CYS11a SER12a TYR144 GLN15a ASNisa Hydrogen bonds
TYRi9a
Hydrophobic interactions,
TcECD SERos VAL128 TYRi68 PHE248 PHE258 TYR268
hydrogen bonds
ILE2a GLNsa TYRi14a GLNi1sa ASNisa TYR19a CYS20a
TcDMSA ASNa1a PHEass Hydrogen bonds
TeDIS GLNsa, SERoa, SER124, TYR14a, GLN15A, ASNisa, TYR19a, Hydrophobic interactions,
CYS78, GLU138, ALA 148 hydrogen bonds
GLNsa CYSea SER9a ILE10aA CYS11a SER124 TYR14a GLN15A
TcDTPA ASNisa TYR1on Hydrogen bonds
TeHYN TYR\a, CYS75, GLU135, ALA 145, TYR26s, THR278 Hydrogen bonds, hydrophobic
interactions, m-stacking
TcMEB GLUasa GLNsa CYSea THRsa SERoa ILE10a CYS11a SER 124 Hydrophobic interactions,
TYRi4a GLNisa ASNiga TYRi9a hydrogen bonds

All TCC were characterized by different binding sites within the protein molecules. Specifically, TCHYN was shown
to bind to HSA in the Sudlow site II [10] via TYR411a and ARGuioa through hydrogen bonding and n-stacking. TcDIS
engaged the GLUsya—1LEs»3a region through hydrophobic and hydrogen bonds contacts. In turn, TcMEB was found to
be localized within the chain B of the protein (residues ARG21s8—ARG22:8, LY S4368—T YRusom), consistent with its known
in vivo albumin affinity and prolonged circulation. Such interactions are beneficial for stabilizing tracers in the
bloodstream and facilitating organ-specific targeting.

Lysozyme binding followed a conserved pattern across high-affinity tracers, with GLU35, ASNu4.60, and TYRg3
commonly involved in hydrogen bonding. TCHYN displayed additional n—r stacking interactions with TYR63 and formed
hydrophobic contacts with ASNys, further stabilizing the complex. These interactions appear to be driven by shape
complementarity and the presence of polar and aromatic functional groups on the tracer surface, rather than by strong
site-specific recognition.

Insulin presented a more selective interaction interface compared to transport proteins, with docking localized to
structurally and functionally relevant surface regions. TCHYN and TcDIS demonstrated the highest binding affinities,
forming interactions with residues located on the B-chain surface, though not directly with core receptor-binding residues
such as PHE4p. Some tracers, including TcSES and TcDMSA, formed hydrogen bonds with TYR 44 and GLN;sa of the
A-chain, situated near the receptor-binding groove. While the low concentrations of radiotracers used in SPECT imaging
are unlikely to perturb insulin function, the engagement of tracers with surface-accessible residues adjacent to biologically
critical domains reinforces the need for careful evaluation of biochemical neutrality, particularly in the context of
metabolic disorders.

To emerge the above findings into a predictive framework, we applied principal component analysis and hierarchical
clustering to the combined ADMET and docking dataset. The resulting PCA plot (Fig. 2, left panel) revealed a structured
spatial distribution of tracers, with distinct segregation according to molecular polarity, flexibility, metabolic stability, and
protein-binding capacity. Hierarchical clustering (Fig. 2, right panel) confirmed the existence of three robust tracer groups,
each characterized by a specific pharmacological profile.

The first cluster involves TcDTPA, TcDIS, TcMAG, TcMEB, TcMED, TcDMSA, and TcECD. These tracers
demonstrated balanced pharmacokinetic and interaction profiles, characterized by moderate to high polarity, generally
favorable hepatic microsomal stability, and intermediate levels of protein binding, primarily to albumin. Their ADMET
features support suitability for renal, hepatobiliary, and soft tissue imaging, offering flexibility in both administration
protocols and imaging time windows. In turn, cluster 2 includes TcSES and TcTET, which were distinguished by low
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topological polar surface area, high lipophilicity, minimal protein interaction, and rapid predicted systemic clearance.
These properties reflect their optimization for myocardial perfusion imaging, where fast tracer redistribution and early
acquisition are essential for diagnostic accuracy. Their distinct separation in PCA space further reinforces the
pharmacological coherence of this cluster and its alignment with established clinical applications. Finally, cluster 3
contains only TcHYN, which was markedly separated from the rest in both PCA and hierarchical clustering analyses. This
compound exhibited the highest polarity, the greatest number of hydrogen bond donors and acceptors, extensive
conformational flexibility, and strong multivalent protein-binding potential. While these characteristics suggest utility for
targeted or long-circulating applications, they also raise concerns regarding non-specific interactions and off-target
effects. As such, TcHYN represents a structurally and functionally distinct tracer that warrants further experimental
validation in vivo before broader application.

4 TCTET

3 TcHYNIC

TcECD

1cDIS 4

TcMEB
TesEs
-1 TDMSA LEPILES 2
TMAG

Principal Component 2
o —
Distance

@

=3 TeMED

Principal Component 1

Figure 2. Cluster analysis of TCC. Left panel represents Principal Component Analysis (PCA) biplot showing tracer distribution in
the space of the first two principal components. Right panel shows the dendrogram of hierarchical clustering using Ward linkage
and Euclidean distance.

The integrated analysis of physicochemical descriptors, ADMET properties, and protein-binding profiles presented
in this study yields several design rules for the rational development of **™Tc-labeled radiopharmaceuticals. First, polarity
and permeability must be carefully matched to the intended imaging kinetics. Tracers characterized by low topological
polar surface area and limited hydrogen bonding potential, such as TcSES and TcTET, demonstrate rapid systemic
clearance and minimal protein binding, which make them particularly suitable for perfusion imaging or early-phase
dynamic acquisitions. In contrast, compounds with moderate to high polarity, exemplified by TcDTPA and TcDIS, display
extended plasma residence times and are better suited for delayed-phase protocols, including renal or hepatobiliary
imaging. Another key parameter influencing in vivo performance is the degree of albumin interaction. Incorporation of
chemical motifs that promote reversible albumin binding, such as hydrophilic chelators or carboxylate groups, can
enhance plasma half-life and systemic stability. This strategy is advantageous when sustained blood pool activity is
desirable; however, excessive or non-specific binding may increase background signal or delay tissue clearance, thereby
complicating image interpretation in protocols that rely on rapid kinetics. Moreover, our data underscores the importance
of limiting molecular flexibility and avoiding extreme polarity unless such features are deliberately employed for targeted
delivery to plasma protein-rich compartments. Tracers like TCHYN, with high polar surface area and a large number of
rotatable bonds, exhibit promiscuous binding across multiple protein classes, including transport and regulatory proteins.
While such interactions can be beneficial in specialized contexts, they may also lead to off-target accumulation or
biological interference, particularly in metabolically compromised individuals. The results outlined here also
demonstrates that strong and selective binding to functional proteins, such as insulin, must be carefully evaluated in silico
during early design stages. Although the docking-predicted affinities observed here are unlikely to disrupt hormonal
function at diagnostic doses, repeated exposure or application in sensitive patient populations could present a non-
negligible safety concern.

CONCLUSIONS

Taken together, the results of the present study revealed that the pharmacokinetics and protein interaction profiles
of TCC are strongly influenced by their physicochemical properties. It was shown that tracers with low polarity and weak
protein binding, such as TcSES and TcTET, are well suited for dynamic imaging due to their rapid clearance. In contrast,
compounds like TcDTPA and TcDIS exhibited strong albumin binding and extended circulation, supporting their use in
delayed-phase protocols. The analysis also identified TCHYN as a structurally distinct radiotracer with broad, high-affinity
protein interactions, suggesting a higher risk of off-target effects. Multivariate classification further demonstrated that
tracers could be grouped into functionally meaningful clusters, reflecting shared ADMET and binding characteristics.
Overall, the findings suggest that integrated ADMET profiling and docking can provide a predictive framework for the
rational design and optimization of technetium-based radiotracers.
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KOMIT'FOTEPHE MOJEJIOBAHHS PAIIO®APMITPEITAPATIB TEXHEIIIKO-99M:
OIIIHKA ADMET-BJACTUBOCTEM TA B3AEMO/II 3 BIIIKAMH
B. Tpycora?, ¥. Masosuus?, I1. Kyzueuos®, I. SIkumenko®, I. TopGenko?
“Kageopa meduunoi gizuxu ma 6iomeouunux Hanomexnonozit, Xapriecokuil nayionanonuil ynieepcumem imeni B.H. Kapasina
m. Ceoboou 4, Xapkis, 61022, Vkpaina
bKagpeopa izuxu aopa ma eucoxux enepeiii imeni O.1. Axiesepa, Xapxiscokuil nayionanouuti ynieepcumem iveni B.H. Kapasina
M. Ceoboou 4, Xapxis, 61022, Vkpaina

PauionansHuil au3aiin pagioGapManeBTHUHUX [IPENAPaTiB Ha OCHOBI TexHel10-99m (MTc) BumMarae MuGOKOro PO3yMiHHS TOTO, SIK
(i3uKO-XIMIYHI BIACTHBOCTI BIUIMBAIOTH HA MOBEIIHKY CHOJYK in vivo Ta ixHi OiOMONEKy/IApHi B3aeMonil. Y JaHOMY IOCIHiIDKEHHI
3aCTOCOBAHO IHTErPOBAaHE KOMII IOTEPHE MOJEIIOBAHHS JUIsl XapaKTEPUCTHKH JIECATH KIIIHIYHO peJIeBaHTHHX paaiodapMIipenaparis Ha
ocHOBI TexHewiro. JomimkeHus Bimo4yano ouinroBanuss ADMET-napameTpiB, MOIEKyIApHUHA TOKIHT 3 QyHKI[IOHATEHUMH OiIKaMH
(anpOyMiHOM, IHCYNIHOM 1 Ji30LMMOM), @ TAaKOK OaraTOBUMIpHMI CTaTUCTHUHMN aHaii3. OTpuUMaHi pe3yabTaTH IOKa3aiH, IO
MOJISIPHICTh, 3MATHICTH 10 YTBOEPHHS BOAHEBHUX 3B’SI3KiB Ta MOJEKYIAPHA THYUYKICTb CYTTEBO BIUTMBAIOTH SK HAa (papMaKoKiHETHYHI
BJIACTUBOCTI, TaK i Ha podini 3B’ a3yBanH: 3 Oinmkamu. Tpeticepu Tumy TcSES i TcTET, siki XapakTepH3yrOThCsl HU3HKOO TOTIOJIOT1YHOIO
TIOJISIPHOIO ITOBEPXHEIO Ta MiHIMAJIBHOIO CIIOPIAHEHICTIO JI0 O1JIKIB, TPOAEMOHCTPYBAIIH IIBHU/IKE BUBEICHHS 3 OPTaHi3My Ta BHSBIIIHCS
MPUATHUMH ISl JUHAMIYHUX TIPOTOKONIB Bisyamizamii. Haromicts, comykn TcDTPA i1 TcDIS mamm BHCOKY CHOpiTHEHICTH IO
ap0yMiHy Ta CTaOUIBHICTH J0 MPOAYKTIB MeTaboli3My, IO pOOUTH iX MEpPCHIEKTUBHUMH IS Bidyaulisauii y BiaTepMiHOBaHI (asu.
TcHYN, mo Mae yHiKalbHY CTPYKTYpY, XapaKTepPH3yeThCsl HAJMIPHOIO MOJSPHICTIO i3 MIMPOKAM CICKTPOM OIKOBHX B3a€MOJil
BUCOKOi aiHHOCTI. AHai3 TOJOBHUX KOMIIOHEHT i i€epapxiyHa KiacTepu3allis A03BOJIMIN Kiacu(ikyBaTH pamiopapMipenapati Ha
(YHKLIOHATIBHO BiMiHHI TPYIIH, IO MiKPECIIOE CTPYKTYPHO-3JIC)KHI 3aKOHOMIPHOCTI An3aiiHy. CyKyIHICTh OTPUMaHHX Pe3yJIbTaTiB
cBiquath mpo Te, mo mnoexHanHs ADMET-mporHo3yBaHHS Ta MOJEKYISPHOTO JOKIHTY (OpMY€e peleBaHTHY CTpaTerito
HEPEIKIIHIYHOrO CKPUHIHTY Ta CIIpHse Po3poOLi Ginbi Ge3nedHuX i TapreroBanux **™Tc-paniodapMaleBTHYHKX IPENaparis.
KurouoBi ciioBa: padioghapmnpenapamu na ocrnogi mexmeyito; 1100cbKull CUpo8amKo8ull anbOyMin; Ti30yum,; iHCYLiH, MONEKYIAPHUL
odokine; ODEKT eizyanizayis



