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Abstract

Cancer remains a main cause of world mortality, with early detection being crucial for powerful treatment and stepped
forward affected person effects. This study focuses on the preparation and characterization of technetium-taurine
complex, specifically *™Tc-taurine, as radiopharmaceutical with high cancer imaging potential. The goal was to
synthesize the complex, determine its structure. The complex characterized by infrared (IR) spectroscopy, proton nuclear
magnetic resonance (*H NMR), liquid chromatography-mass spectrometry (LC-MS), and high-performance liquid
chromatography (HPLC), all of which confirmed the formation of the complex. Molecular docking study is done for
Taurine and Tc-Taurine showed that Both Taurine and Tc-Taurine Complex show binding affinity to aromatase (3S7S).
and Tc-Taurine complex could be explored for SPECT imaging in breast cancer, particularly for detecting aromatase
(3S7S)-expressing tumors.
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INTRODUCTION

Taurine is a obviously occurring sulfur-containing amino acid-like compound observed abundantly in mammalian tissues
such as the brain, coronary heart, retina, and skeletal muscle tissues. Although it isn't incorporated into proteins, taurine
plays crucial physiological roles which include bile acid conjugation, osmoregulation, membrane stabilization, calcium
signaling, neuromodulation, and antioxidative defense mechanisms [1].

Taurine famous cytoprotective, antioxidant, and anti-inflammatory residences. It has been shown to enhance
mitochondrial feature, reduce oxidative stress, beautify antioxidant enzyme expression, and adjust redox-touchy
transcription elements along with Nrf2 [2]. These consequences contribute to cardiovascular health, neuroprotection, and
anti-getting older mechanisms [3].

Cancer stays a main cause of worldwide mortality, with early detection being vital for powerful remedy and
improved affected person effects [4]. In nuclear remedy, technetium-99m (*™Tc) has emerged as the radionuclide of
desire for diagnostic imaging because of its choicest physical properties (140 keV gamma emission, 6-hour half-
existence) and cost-effective manufacturing from 99Mo/99mTc generators [5]. The development of novel 99mTc-based
absolutely radiopharmaceuticals concentrated on tumor-specific metabolic pathways is an lively region of research to
decorate diagnostic accuracy [6]

Taurine (2-aminoethanesulfonic acid) is a truly going on amino sulfonic acid located abundantly in mammalian
tissues, wherein it plays vital roles in osmoregulation, antioxidation, calcium signaling, and membrane stabilization [11].
Its organic results are multifaceted, which includes modulation of inflammation, safety against oxidative strain, and
regulation of apoptosis, which might be all applicable to cancer biology [9,11].

Biological Effects of Taurine:
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Taurine acts as a strong antioxidant, scavenging reactive oxygen species (ROS) and enhancing the interest of endogenous
antioxidant enzymes including superoxide dismutase and glutathione peroxidase [10,11]. This antioxidative capacity
helps defend cells from oxidative injury, a procedure implicated in each cancer initiation and progression. Taurine also
modulates immune responses and supports cell homeostasis, contributing to its cytoprotective effects [11].

Role in Cancer Treatment

Research demonstrates that taurine possesses antitumor houses in numerous maximum cancers kinds, alongside colon,
lung, breast, and prostate cancers. It can inhibit most cancers cellular proliferation and result in apoptosis thru more than
one mechanism, alongside upregulating seasoned-apoptotic proteins (e.G., PUMA, Bax) and downregulating anti-
apoptotic proteins (e.G., Bcl-2), regularly thru mitochondrial and JNK signaling pathways. Taurine’s anti-inflammatory
results, specially through the inhibition of NF-xB-mediated pathways, in addition make contributions to its tumor-
suppressive moves [7]. Additionally, taurine has been established to decorate the efficacy of chemotherapeutic dealers
and mitigate their factor effects, which includes reducing drug-prompted toxicity and enhancing immune function all
through maximum cancers remedy. For instance, taurine supplementation can alleviate chemotherapy-induced
complications and might help triumph over drug resistance, making it a promising adjunct in most cancers remedy
regimens [9-13].

However, the role of taurine in cancer is complicated. Some studies endorse that high taurine levels may
additionally sell tumor increase in certain contexts, along with lung most cancers, whilst additionally assisting the
survival and characteristic of anti-tumor immune cells like CD8 T cells [8]. The net impact of taurine can also rely on the
tumor kind, microenvironment, and immune repute of the host.

The improvement of powerful radiopharmaceuticals for cancer imaging stays a crucial region in nuclear remedy,
with technetium-99m (*"Tc) complexes playing a pivotal function due to their favorable bodily and chemical homes.
%¥MmTc gives an ideal half of-life of approximately 6 hours and emits gamma photons appropriate for Single Photon
Emission Computed Tomography (SPECT), making it extensively used for diagnostic imaging. Among diverse *™Tc-
labeled marketers, complexes concentrated on particular tumor markers have shown promising results in enhancing
cancer detection and staging accuracy.

Taurine, a clearly happening amino acid by-product, has attracted hobby as a ligand for “™Tc because of its
organic compatibility and potential tumor-concentrated on residences. The *™Tc-Taurine complicated is being explored
as a novel SPECT imaging agent for most cancers, aiming to mix the focused on talents of taurine with the imaging
blessings of *™Tc. This method aligns with contemporary advances in *™Tc-categorized compounds such as *™Tc-
PSMA for prostate most cancers and *"Tc-FAPI for fibroblast activation protein imaging, which have examined
excessive sensitivity and specificity in detecting number one and metastatic lesions. [14-16]

The use of *™Tc-Taurine could potentially improve tumor visualization by using exploiting biochemical
pathways precise to most cancers’ cells, thereby offering precious diagnostic statistics to manual treatment. Given the
developing proof assisting *™Tc-based radiopharmaceuticals in oncology, in addition research into the *™Tc-Taurine
complicated could extend the arsenal of effective SPECT imaging marketers for most cancers control.

The targets of this paintings are:
1. To synthesize *™Tc-taurine complex.
2. To determine the structural of the prepared compound using different spectroscopic techniques.
3. Evaluate the binding affinity of both taurine and °Tc-taurine to the human placental aromatase enzyme

(3S7S) using molecular docking simulations to predict their inhibitory potential.

If demonstrated, this complex ought to offer a flexible, fee-effective diagnostic tool for SPECT-primarily based most
cancers detection throughout more than one tumor types.

EXPERIMENTAL

Preparation the complex
The reduction of Tc, an important transition metal, turned into executed thru the addition of tin chloride, a normally used
lowering agent. This reduction technique was executed inside the presence of ascorbic acid, a acknowledged antioxidant
that enables to facilitate the response. Following the reduction step, the Tc ions had been then capable of shape a
complicated with Taurine.

Infrared spectra

The series of information was achieved the use of the Shimadzu 4800s FTIR spectrometer Maxima, that is a renowned
tool manufactured in Japan. This instrumental evaluation changed into accomplished at the Central Laboratory of the
Faculty of Sciences at Alexandria University, a prestigious academic institution regarded for its scientific studies
endeavors.

HPLC Chromatographic

A novel and complex approach, particularly excessive-performance liquid chromatography (HPLC), has been
meticulously designed and applied for the motive of appropriately quantifying the presence of Taurine as well as the Tc-
Taurine complex. The HPLC system utilized on this take a look at changed into composed of a modern C18 column,




which performed a pivotal position in the separation and analysis of the focused compounds. The solvent device
employed was a meticulously balanced combo of phosphorus acid 0.1% and acetonitrile, with a selected ratio of 15:85,
ensuring top of the line performance and efficiency. Furthermore, the flowrate of the machine changed into exactly set at
0.5 ml/min, which facilitated the smooth and continuous movement of the analytes thru the column. Lastly, to efficiently
discover and quantify the compounds of hobby, a exceptionally sensitive UV detector running at an most appropriate
wavelength of 254 nanometers, turned into deployed to make certain correct and reliable effects turned into integrated
into the system. This modern gadget was expertly utilized by the esteemed Central Laboratory Faculty of Sciences at
Alexandria University, similarly validating the credibility and reliability of the findings received.

LCMS Mass spectra
The analysis of the sample was performed using liquid chromatography—electrospray ionization—tandem mass
spectrometry (LC-ESI-MS/MS) with an ExionLC AC system (USA) for separation and SCIEX Triple Quad 5500+
MS/MS system (Singapore) equipped with an electrospray ionization (ESI) for detection.

HPLC and LCMS have been done per week after getting ready the complicated, which suggests the steadiness of
the organized complex.

1IHNMR measurements
H Nuclear Magnetic Resonance (NMR) spectra have been recorded DMSO-d6 at 500 MHz on a JINM-ECZ500R

Molecular docking

The simulated interaction of designed drug with the protein structure of selected pathogens was modeled by MOE
2015.10 program. The 3D crystal structure of the selected proteins was obtained from the Protein Data Bank (PDB). The
inhibition efficiency of the designed drugs is evaluated by the strength of interactions with the target proteins, which was
predicted from the scoring energy and the length of the H-bonds in the docked complex. removal of water molecules,
atomic charges clarifying, and then energy minimization by MMFF94x force field .10 Poses of interactions were recorded
for each species, where the best pose with the shortest ligand-receptor distance and the highest scoring

RESULTS AND DISCUSSIONS

Infrared spectra of Taurine and Tc-Taurine complex
The IR spectra of taurine and the Tc-taurine complex (Figure 1, Table 1) discovered that the N—H stretching band at 3208
cm™ in free taurine broadened upon complexation. The band at 3441 cm™ of the complex spectrum corresponds to O—H
stretching vibrations, along with a shift within the N-H band due to the coexistence of the two groups within the Tc-
taurine complex. The shift within the S=O stretching band (1618 — 1628 cm™) suggests the involvement of the sulfonic
institution in complexation [17-18]. Meanwhile, the C-S band at 1307 cm™ shifted barely to 1301 cm™, probable
because of its proximity to the coordination site. Minimal adjustments in C-S—O vibrations imply that these companies
are not primary coordination sites, which is consistent with taurine’s metal-binding behavior. The new band 1467 cm™
New band likely corresponds to altered bonding modes in the complex

The presence of M-O and M-N bands at 528 and 471 respectively confirm coordination through the nitrogen
atom, which, together with Metal-O bonding, indicates bidentate coordination of taurine through both amino and sulfonic

Ly _— MJW SEVEN
VA L
///

T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber Cm™t

Fig. 1 Infrared spectra of Taurine (A) and Tc- Taurine complex (B)




Table 1 Fundamental infrared bands (cm™*) of Taurine and Tc- Taurine complex in aqueous solution

Vibrational Mode Taurine Tc-Taurine
V N-H >V 0O-H 3208 3441
V s=0 1618 1628
Ves 1307-1215 1301-1209
Vcso 957 956
V Metal-0 - 528
V Metal-N - 471

'H-NMR Spectra
The 'H NMR spectrum of taurine presentations a multiple peak at 6 3.00 ppm, assigned to the methylene protons adjacent
to the sulfonic acid organization (-CH,—SO3H), and some other multiple at & 2.68 ppm, similar to the methylene protons
adjoining to the amine institution (-CH,—NH,). Additional signals at & 3.36 and a couple of 2.46 ppm are attributed to the
zwitterionic shape of taurine, which alters the electron distribution and therefore affects the chemical shifts. Peaks found
at 0 7.60 ppm and & 1.19 ppm are assigned to the exchangeable protons of the sulfonic group and amine organizations,
respectively. The disappearance of the band that refers to the proton of the sulfonic group in the *H NMR spectrum of
Taurine-Tc Complex prove the formation of Tc-O coordination bond, while the small shifts of the two methylene groups
in the complex is strong evidence for the participation of both the sulfonic and the amine group in complexation, (Figure

3, Table 2).
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Fig. 2 Taurine Structure
Table 2 'H NMR (PPM) of Taurine and Tc- Taurine complex in aqueous solution
1 2 3 4
Taurine 7.613 3.00-3.31 2.45-2.70 1.19
Taurine-Tc Complex - 2.91-2.97 2.46-2.72 1.19
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Fig. 3 'H NMR of Taurine (a) and Tc- Taurine complex (b)
HPLC Chromatographic

The HPLC analysis, which was conducted for Taurine as a stander and the solution resulting from the reaction of Taurine
and Tc, as depicted in Figure (A, B), The appearance of the band for the Tc- Taurine complex at a retention time (3.779
min) is considered conclusive evidence of the formation of a stable complex, as this analysis was conducted several days
after the reaction.




mAU o
300 % @Q&@
250 B ||v’°"‘ o
200 \ <
I S &
150 {0\ ;’?5
| A A
100 ! / ".‘
50 Id \1\7
° T T T T T T 7férrﬁ | — ‘AT‘ - T T T T T
1 2 3 4 5 (=3 7 8 9 mir
mAU 7 2 B
E /\5 £
50 (,5.
] | =
40% A |‘ \\
30 |‘ \
] \
o | \
UEW e —d ’\'—lf/\ - -
o 1 2 3 T s e 77 3 s o
Fig. 6 HPLC spectrum for A) Taurine B) Tc- Taurine complex
Table 3 HPLC data for Taurine and Tc- Taurine complex
Peak Retention time(min) Area Area %
Taurine 45 991.47101 18.5178
Tc- Taurine 3.779 4362.68115 81.4822

LCMS Mass spectra
A meticulous exam of the high-quality-mode mass spectrum of the technetium—taurine complex, as illustrated in Figure 4,

shows more than one awesome peaks, every corresponding to mass-to-charge (m/z) ratios. Among these, distinguished
peaks are especially noteworthy. The first, at m/z 274.08, corresponds to the intact Tc—taurine complex ion. Other notable
peaks at m/z 256.10, 230.10, 212.10, 106.08, and 102.07 represent the complex after losing various groups during mass
spectrometry ionization. Detailed spectral analysis shows that the molecular formulation of the intact complex is

[TcC,HgOxNS], which can be represented as [Tc (Taurine)(O)(OH),].
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Fig. 4 LCMS Mass spectra Tc-Taurine complex

Based on the spectroscopic data, the Tc-Taurine complex its noticed that:
Taurine coordinated as a bidentate ligand through both the amino nitrogen and sulfonate oxygen

Possible structure: [TcO(taurine)(OH),], with taurine forming a Six-membered chelate ring

Molecular docking
The selected protein 3s7s represents the crystal structure of the human placentalany proposed biologically active

compound. This approach elucidates the ligand-receptor site and type of interactions. It also givesan estimation of the
distance between the ligand and the receptor inside the interaction grid. The scoring energy of each pose simulated by the
docking calculations reflects the degree of inhibition effect of the corresponding ligand. In the present study, the selected




protein 3s7s represents the crystal structure of the human placental aromatase enzyme that catalyzes the synthesis of
estrogen hormone and contributes to estrogen-dependent breast cancer 50. All ligands possess an appreciable extent of
interactions with the receptor protein based on the scoring energy . The result show the abibilty of Taurine to inhibt 3s7s
protien.

The docked Taurine, (Figures 5,6), have effective ligand-receptor interaction distances were < 3.5 A in most
cases, which indicates the presence of typical real bonds and hence high binding affinity. For example, the nearest
interaction is observed via H-donors with 3S7S (2.66A) Taurine Furthermore, binding sites were observed of different
amino acids (GIn 218 ,Asp 222,Arg 102, and Asp 309) with ligand demonstrating their high inhibition with Moldock
score -36.02

Fig.5 2D structure of Molecular docking of Taurine Fig. 6 Virtual Molecular docking of the best docked
with 3s7s protein Taurine with 3s7s

Tc-Taurine Complex

The docked Tc-Taurine Complex , Figures (7,8), have effective ligand-receptor interaction distances were < 3.5 A in most
cases, which indicates the presence of typical real bonds and hence high binding affinity . For example, the nearest
interaction is observed via H-donors with 3S7S (2.66A) and Tc-Taurine Complex Furthermore, eight binding sites were
observed of different amino acids( Trp 141,Arg 116,Arg 426, Arg 146, lle 132 and lle 133) with Tc-Taurine Complex
demonstrating their high inhibition with Moldock score -63.04 which is an indication for highest inhibition

Fig. 7 2D structure of Molecular docking of Tc- Fig. 8 Virtual Molecular docking of the best docked Tc-
Taurine Complex with 3s7s protein Taurine Complex with 3s7s

From the Molecular docking, Tc-Taurine complex could be used for SPECT imaging in breast cancer, particularly for
detecting aromatase (3S7S)-expressing tumors.

Since the docking study shows strong binding of Tc-Taurine to 3S7S (aromatase), it could selectively accumulate
in estrogen-dependent breast cancer cells, where aromatase is overexpressed and could be used for SPECT imaging in
breast cancer.

Table 4 Comparison with Existing Breast Cancer Tracers

Imaging S

Tracer Target Modality Advantages Limitations
BE-FDG Glucose metabolism PET Widely used, high sensitivity gggsg:g;féggzezr hormone-
99mT c-Sestamibi Mitochondrial uptake SPECT Approved for breast imaging ll:l&g—ksépeuflc, high muscle
68 . . .
n E_?EDOTA Somatostatin receptors PET :jsn?g:ls in neuroendocrine lc\la(;]t;(;r aromatase+ breast
Proppsed Tc- Aromatase (357S) SPECT Potentially specific for
Taurine estrogen+ tumors

354




CONCLUSION

This study successfully synthesized and characterized °°mTc-taurine, demonstrating its high binding affinity to aromatase
(3S7S) via molecular docking. The complex’s stability and target specificity position it as a promising SPECT tracer for
ER+ breast cancer detection.
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