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Background and objective

Radiopharmaceutical applications in tumor imaging are widely used nowadays.
Radioisotopes alone can not reach the tumor easily, so they can be linked with a
carrier to deliver the radioisotope to the tumor site. These carriers could be peptides,
antibodies or small chemical agents.

Materials and methods

In our study, gallic acid (GA) derivative 4 and vanillin derivative 6 were used as two
targeting chemical agents to be linked with [*™Tc] to prepare [*™Tc] Tc-4 and
[**™Tc] Tc-6, as 4 and 6 have a good pharmacokinetics properties compared to GA
and vanillin respectively , also we designed these two derivative to be coupled with
[**™Tc] as they rich with electron donating groups, these two radiopharmaceutical
were injected into mice .

Results and conclusion

T/NT results were calculated for both of [*™Tc] Tc-4 and [®™Tc] Tc-6 after 15 min,
30 min, 60 min and 180 min. T/NT for [*™Tc] Tc-4 and [*™Tc] Tc-6 at 60 min was
1.74 and 4.32, respectively. Therfore, we can conclude that [*™Tc] Tc-4 and [*™Tc]
Tc-6 have powerful targeting properties toward tumor cells , so that these two
chemical agents 4 and 6 are promising to be applied in radiopharmaceutical
applications.
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Introduction

favorable physical and chemical properties. Its
physical half-life of approximately 6 hours is

Cancer continues to be the leading cause of death
worldwide. The the primary causes of death are
drug resistance and the potential for metastasis to
distant organs [1,2]. At this advanced stage,
treatment options vary for each patient and may
include radiotherapy, chemotherapy, hormone
therapy, or targeted therapy [3].
Radiopharmaceuticals are  continually  under
development, as they facilitate the monitoring of
tumor progression and response to therapy, or can
even be used directly as treatment. Radio-imaging
is a form of molecular imaging that involves the use
of small chemical agents, antibodies, or peptides as
carriers for medical diagnostic radioisotopes.
Technetium-99m [*™Tc] is widely used as a
radioisotope for labeling various organic molecules
to study their in vivo bio-distribution and evaluate
pharmacokinetics. It is also used as a model for
tumor radio-imaging [4-9] [*™Tc] remains one of
the most widely utilized radioisotopes in nuclear
medicine, particularly for tumor imaging, due to its
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optimal for diagnostic imaging—it allows sufficient
time  for  radiopharmaceutical  preparation,
administration, and imaging, while minimizing the
patient’s radiation exposure [10]. From clinical use
point of view; [*"™Tc] serves as the best diagnostic
radionuclide for application due to its unique
characteristics such as its gamma energy is 140
KeV which is well-suited for detection using
gamma cameras, particularly in single-photon
emission computed tomography (SPECT), ensuring
high image resolution and diagnostic accuracy
besides its half-life of 6 h which is perfect for
diagnostic use with the lowest patient radiation
burden. [11]. An important practical advantage of
[°°™Tc] is its availability through a molybdenum-
99/technetium-99m generator system, which allows
on-site production in most clinical settings without
requiring a cyclotron. Furthermore, [*™Tc] exhibits
highly versatile chemistry, enabling it to be
complexed with a wide range of biologically active
molecules to target specific tumor types or
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physiological processes (e.g., 99mc-sestamibi for
breast cancer or *"™Tc-HMPAO for brain perfusion
imaging). This adaptability enhances its clinical
utility across multiple oncologic applications[12].
Vanillin derivatives are good biologically active
compounds that can be coupled with radioisotopes.
It is a specialized metabolite extracted from vanilla
beans [13]. It contains several functional groups,
including 4-hydroxyl, 3-methoxy, which facilitate
their coupling to radioisotopes. It exhibits a range
of pharmacological properties, such as anticancer,
neuro protective, and antibacterial activities [14-
16]. Due to its anti-mutagenic potential, it has been
evaluated as an anticancer agent at the molecular
level. At a concentration of 1000 pg.mL-1, it
inhibits the proliferation of HT-29 colon cancer
cells and promotes apoptosis [17]. Furthermore,
one of its derivatives, 4-(1H-imidazo[4,5-f][1,10]-
phenanthrolin-2-yl)-2-methoxyphenol ~ (IPM711),
enhances inhibition of invasion and migration in
HT-29 and HCT116 cells by targeting the Wnt/p-
catenin signaling pathway [18]. This compound
also down regulates proteasome genes, the MAPK

pathway, and NF-xB activity[16]. Another
derivative, VND3207, demonstrates strong
radioprotective  effects in  radiation-induced

intestinal injury in mice In vitro studies suggest that
this compound can induce apoptosis in human
hepatic carcinoma and neuroblastoma cells [19].
Molecular docking has shown high binding affinity
to the CAMKIV enzyme in cancer cells[20]. These
findings support its potential as an effective carrier
for the [*°™Tc] isotope in targeted tumor imaging.
Gallic acid (GA) is a polyphenol compound with
the chemical name 3,4,5-trihydroxybenzoic acid
and the molecular formula C,H¢Os [21]. Gallic
acid derivatives are phytochemicals known to have
anticancer activity. GA plays a significant role in
suppressing cancer cell proliferation and metastasis
by inducing apoptosis (programmed cell death),
inhibiting cell proliferation, and suppressing
angiogenesis. GA targets cell cycle regulators,
apoptosis pathways, and growth factor signaling
[22-24]. Cancer management and treatment remain
major challenges for researchers in both developed
and developing countries. Successful treatment
requires early diagnosis, detailed planning, and
accurate therapeutic regimens. Even though the
number of cancer survivors has increased in the
U.S., cancer mortality and morbidity rates remain
high. However, cancer-related deaths have
decreased due to lifestyle changes, including
reduced smoking, increased patient awareness, and
early diagnosis [25,26] GA and vanillin exhibit
strong affinities for various targets on cancer cells,
making them promising carriers for the [*™Tc]
isotope. They may deliver the isotope to tumors
with high specificity while minimizing effects on

normal cells, thus reducing side effects and
improving safety [27] In this study, we synthesized
a gallic acid derivative (compound 4) and a vanillin
derivative (compound 6), which were used as
carriers for [*"Tc]. Finally, we injected [*™Tc] Tc-
4 and [*®™Tc] Tc-6 into tumor-induced mice to
evaluate their tumor-to-nontumor (T/NT) ratio
using a reference value of 1.5, and expressed the
results as a function of percentage control.

Experimental

Materials

Gallic acid (3,4,5-trihydroxybenzoic acid, C,HgOs,
MW 170.12 gmol™) was purchased from
Alphachem. Vanillin (4-hydroxy-3-
methoxybenzaldehyde, CgHgO;, MW 152.15
g-mol™?), ethanol (ethyl alcohol, C,HsO, MW 46.07
g-mol™), trimethoxybenzaldehyde (3,4,5-
trimethoxybenzaldehyde, C;oH;:2,04, MW 196.20

gmol™), hydrazine hydrate  (hydrazinium
hydroxide, N,H,-H,O, MW 50.06 g-mol™),
acetone (propan-2-one, CsHsO, MW 58.08

g-mol™), and ammonium hydroxide (aqueous
ammonia, NH,OH, MW 35.05 g-mol™) were
obtained from Sigma-Aldrich and used without
further purification. Thin-layer chromatography
(TLC) plates were purchased from Merck and used
to monitor the progress of reactions. Spots were
visualized under a UV lamp at 254 nm. Paper
chromatography was carried out using Whatman
No.1 filter paper. Infrared (IR) spectra were
recorded using a PerkinElmer spectrophotometer
(version 10.6.2)at Helwan University. Molecular
mass was recorded on LC-MS ES+ and 'H NMR
spectra were recorded on a Bruker spectrometer
operating at 400.15 MHz using a 5 mm PABBO
BB/ probe head. The measurements were carried
out at 300 K with DMSO-d¢ as the solvent at the
Faculty of Pharmacy, Ain Shams University
(ASU), Cairo, Egypt. Melting points were
measured using a Stuart melting point apparatus
and are reported uncorrected. Technetium-99m
[®™Tc] was eluted from a °°Mo/°°™Tc generator
provided by the Egyptian Atomic Energy
Authority.  Radioactivity measurements  were
performed using a Nal (T1) gamma-ray scintillation
counter (Scaler Ratemeter SR7 130 model,
England). Albino mice weighing 20-25 g were
used for tumor-targeting studies. Ehrlich ascites
carcinoma (EAC) cells were obtained from the
National Cancer Institute, Cairo, Egypt. All animals
were maintained under standard laboratory
conditions with free access to food and water.
Experimental  protocols were approved in
accordance with institutional ethical guidelines.
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Synthesis  of  (E)-3,4,5-trihydroxy-N'-(3,4,5
trimethoxybenzylidene)benzohydrazide (4)
Gallic acid (1) (1000 mg, 0.0058mmol) was
dissolved in 30 ml ethanol and 0.5 ml of Conc.
H,SO, was added and then the mixture was
refluxed with stirring for 10 hours at 120°C and
monitored by TLC to confirm reaction completion.
The reaction mixture was neutralized by ammonia,
washed with water;-and extracted with ethyl acetate
three times. The organic layer dried with sodium
sulfate and evaporated to afford white crystals of
the final product 2 with a yield of 800 mg ( 68%),
m.p 160°C. AIll spectroscopic and analytical
properties were identical to those reported in the
literature [28].

Ethyl Gallate 2 (800 mg, 0.004mmol) was
dissolved in 30 ml ethanol and hydrazine hydrate
(0.512ml, 0.016mmol) was added. Then The
mixture was refluxed for 18 hour at 120°C and
monitored with TLC until completion. A buff-
colored precipitate of product 3 was formed during
the reaction, reaching a specific amount beyond
which no further precipitation occurred in the
reaction mixture. The precipitate was then filtered
out, and the reaction mixture was refluxed again
under the same conditions with stirring. Notably, a
buff-colored precipitate formed once more, repeat
this technique to get the all amount of product with
a yield of 500 mg (68%) and m.p 295-300 °C. All
spectroscopic and analytical properties were
identical to those reported in the literature [28]

A mixture of galloyl hydrazide 3 (500 mg,
0.0027mmol) and 3,45 tri methoxy benzaldehyde
(784 mg, 0.004mmol) was dissolved in 20 ml DMSO
then followed by 5 drops of glacial acetic acid. The
reaction mixture was refluxed with stirring for 12
hour at 120°C and the reaction was monitored by
TLC. The reaction mixture cooled, worked up by
adding water and filtrate the precipitate to afford the
final product 4, with a yield of 700 mg (71.5 %,) in
the form fine brown powder, m.p 300 °C .'"H NMR
spectroscopy (400 MHz, DMSO-dg) & 3.71 (s, 3H),
3.76 (s, 3H), 3.84 (s, 3H), 7.10 (s, 1H), 7.25 (s, 1H),
8.09 (s, 1H), 8.32 (s, 1H), 8.65 (s, 1H), 8.74 (s, 1H),
8.85 (s, 1H), 9.24 (s, 1H), and 9.88 (s, 1H). IR
Characteristic peaks ( OH , 3226 ) (CH aliphatic
2941 ) (C=0 , 1667 ) (C=C , 1577 — 1452)._All
spectroscopic and analytical properties were identical
to those reported in the literature [28]

Synthesis of 4,4'-((1E,1'E)-hydrazine-1,2-
diylidenebis(methaneylylidene))bis(2methoxyph
enol) (6)

To the solution of vanillin (5) (1gm, 0.0065 mmol)
in 20 ml ethanol a hydrazine hydrate (0.5 ml, 0.016
mmol) was added. The reaction mixture was
refluxed for 2 hours at 100°C. The reaction mixture
was cooled, worked up by adding water and
filtering the precipitate to afford the final product 6,

with a yield of 680 mg (70%,) in the form of fine
yellow powder, m.p 180°C. LC-MS Characteristic
peak at 301 m/z for molecular ion peak , IR
Characteristic peaks ( OH , 3478) (CH aliphatic
2919 ) (C=N, 1624 ) (C=C, 1450 — 1464 ). All
spectroscopic and analytical properties were
identical to those reported in the literature [29]

Radiosynthesis of [*™Tc] Tc-4 and [*™Tc] Tc-6
[®™Tc] Te4 and [P™Tc] Tc-6 complexes were
synthesized using a direct radiolabeling technique. In
this method, sodium borohydride is a reducing agent
with the chemical formula NaBH, was used to reduce
technetium-99m in the +7 oxidation state
(°*™Tc(VIN)) to a lower oxidation state suitable for
complexation with 4 and 6. The radiolabeling
conditions were optimized by investigating the
influence of various parameters on the radiochemical
yield, including substrate amount, reducing agent
amount, pH of the reaction medium, and reaction
time.

For the labeling procedure, 0.400 mL of an aqueous
solution containing 10-300 pg.mL™ ! of the
substrate was transferred into an evacuated
penicillin vial. To this, 0.100 mL of freshly
prepared sodium borohydride solution (containing
3-40 mg.mL~ * NaBH, ) was added. The pH of the
reaction mixture was adjusted within the range of 3
to 10 using 0.400 mL of phosphate buffer solution.
Then, 0.100 mL of freshly eluted ® ° ™TcO, ~
solution (195 MBq) was introduced into the
reaction vial. The mixture was incubated at room
temperature for various time intervals to determine
the optimal reaction duration. Following
incubation, the in vitro stability of the radiolabeled
complexes was evaluated under the optimized
conditions

Radiochemical yield evaluation of [*"Tc] Tc-4
and [*™Tc] Tc-6

The radiochemical yields and in vitro stability of
[®™Tc] Tc4 and [®™Tc] Tc-6 complexes were
determined using ascending paper chromatography
(PC).

PC analysis

The radiochemical yield and in vitro stability of the
[®™Tc] Tc-4 and [®™Tc] Tc-6 complexes were
evaluated using ascending paper chromatography
(P.C.) to determine the percentages of [*"Tc] Tc-4,
[®™Tc] Tc-6 free *™TcOy, and reduced hydrolyzed
"Tc colloid species as follows [30-32]. Each
labeling experiment involved ascending
chromatography utilizing two strips of Whatman
No. 1 paper, (measuring 13 cm in length and 1 cm
in width). Two drops of the reaction product were
spotted on the line (origin) at a distance of 2 cm
from the bottom. One strip was developed using
acetone, while the other was developed with a
mixture of ethanol, water, and ammonium



163 Egyptian Pharmaceutical Journal, Vol.00 No.0, Month - Month 2025

hydroxide in a 2:5:1 volume ratio (v/v/v). Upon
completion of development, the two strips were
dried, sectioned into 1 cm segments, and
individually quantified utilizing the Nal(TI)
gamma-ray scintillation counter to ascertain the
ratios of hydrolyzed *"Tc, free *™TcOy, and the
[®™Tc] Tc-4 and [®"Tc] Tc-6 complexes. Every
experiment was conducted thrice.

Targeting evaluation of [99mTc] Tc-4 and
[99mTc] Tc-6 in tumor bearing mice
Experiments were performed using the procedure
that was approved by the animal ethics committee
and was in accordance with the guidelines set out
by the Egyptian Atomic Energy Authority (No:
P/28A/25).

Solid tumor bearing mice

The parent tumor line (Ehrlich ascites carcinoma)
was used to induce sarcoma in the left thigh of mice
to induce tumor bearing mice models.

Biodistribution assay

A 01 ml [99mTc] Tc-4 and [99mTc] Tc-6
complexes (185-1850 KBqg) were injected
intravenously into the tail vein of solid tumor
bearing albino mice of body mass 20-25 g. The
animals were weighed, anaesthetized by chloroform
and scarified at different time points (15, 30, 60,
and 180 min post injection). Organs and tissues
were collected, rinsed with saline.

EOH /C.Hs 804

Reﬂux 10 h

3,4, 5-trimethoxybenzaldehyde
+DMSO + G.acetic acid

Reflux, 10 h

The radioactivity of each sample as well as the back
ground was counted in a well-type c-counter
Nal(TI). The percentages of injected doses per
gram tissue or organ (% ID/g) in a population of
five mice for each time point were calculated for
each sample. Solid tumor to normal muscle (T/NT)
was calculated from % ID/qg for solid tumor
and normal muscle [33-35].

Results and discussion

Chemistry

Imines are organic compounds containing a carbon-
nitrogen double bond (C=N), typically formed by
the condensation of primary amines with aldehydes
by eliminating water. They play a crucial role in
pharmaceutical drugs.[36,37]

The synthesis pathway to obtain the title compound
(4) is shown in scheme 1. Ethyl gallate (2) was
prepared by condensation of gallic acid (1) with
ethanol in the presence of H2SO4 as a catalyst.
Subsequently, the ethyl gallate (2) and hydrazine
hydrate were refluxed in ethanol to obtain the key
intermediate galloyl hydrazide (3).

Finally, the intermediate galloyl hydrazide (3) was
reacted with commercial 3,45 tri methoxy
benzaldehyde containing different substitutes to
produce the title compound (4) scheme 1. The
structure of compound (4) was confirmed by
Melting point, IR and 1H NMR as in the literature
[28,38]

EtOH + NHNH2 H,0

Reflux, 18h

Schemel Synthetic scheme of (E)-3,4,5-trihydroxy-N'-(3,4,5-trimethoxybenzylidene) benzohydrazide (4).

The Schiff’s base reaction iS a condensation
reaction between a primary amine and an aldehyde
or ketone, leading to the formation of an imine
(Schiff base) with the elimination of water. Schiff
bases have  widespread applications in
biochemistry,  coordination  chemistry, and

exhibit
anticancer

pharmaceuticals as  Schiff  bases
antibacterial, antifungal, and
properties.[39,40]

The synthesis pathway to obtain the title compound
(6) is shown in Scheme 2. Compound (6) was
prepared by schiff’s base reaction between
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compound (5) and hydrazine hydrate using glacial
acetic acid as a catalyst. Subsequently, the
compound (5) and hydrazine hydrate were refluxed
in ethanol to obtain compound (6) (Scheme 2).

0

o

EtOH + G.acetic acid
2 +NHENHE.HED

| Reflux, 2h

3

The structure of compound (6) was confirmed by
Melting point, IR , LC-MS and X-ray
Crystallographic in the literature [29]

Scheme 2 Synthetic scheme of 4,4'-((1E,1'E)-hydrazine-1,2-diylidenebis(methaneylylidene))bis(2-methoxyphenol) (6)

X-ray Crystallographic Analysis of 6 [41]

The molecular structure of 6 was determined using X-
ray crystallography, providing
precise atomic connectivity and spatial orientation. The
crystallographic data confirm the expected molecular
framework, with well-defined bond lengths and angles.
The structure reveals the presence of key functional
groups, including hydroxyl (-OH), carbonyl (C=0),
and nitrogen containing linkages, which contribute to
the compound’s chemical stability and potential
biological activity.

As shown in Figure 1, oxygen atoms are depicted
in red, nitrogen in blue, carbon in gray, and
hydrogen in white. The molecular arrangement
indicates the presence of strong intramolecular
interactions, which may enhance the compound's
stability and reactivity. These findings are crucial
for understanding the physicochemical properties of
6.

Fig. 1 X-ray crystallographic structure of 6
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Effect of compund (4) amount on the radiolabeling yield percent of [**"Tc] Tc-4
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Fig. 2 Effect of compound 4 amount on the radiolabeling yield percent of [*"Tc] Tc-4. Data were presented as mean +

SD (n = 3).

Effect of compound (6) amount on the radiolabeling yield percent of [**™Tc] Tc-6
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Fig. 3 Effect of compound 6 amount on the radiolabeling yield percent of [*"™Tc] Tc-6. Data were presented as mean + SD (n

=3).

Factors affecting Radiolabeling yield % of
[®™Tc] Te-4 and [*™Tc] Tc-6

Radiochemical yield is calculated as follows:

Acetone served as the developing solvent for
one paper strip, where free *"TcO, migrated
with the solvent front (R= 1), whereas
[®"Tc] Te-4, [®™Tc] Tc-6, and reduced
hydrolyzed technetium colloid remained at
the origin. A solvent composed of ethanol,
water, and ammonium hydroxide in a ratio of
2:5:1 (v/viv) was used for developing an
additional paper strip, where reduced
hydrolyzed technetium colloid remained at
the origin (Ry = 0), but free ®mTeo,, [PMTc]
Tc-4 and [P°™Tc] Tc-6 species migrated with
the solvent front (Rf = 1). The labeling yield

percentage of the [®™Tc] Tc-4 and [®™Tc]
Tc-6 complexes was determined as follows:

% Radiochemical yield = 100 - (% Free
%¥MTcO, + % Colloid) (Eq. 1)[42].

Effect of (4) and (6) amounts on radiochemical
yield

4 and 6 contents affect the radiochemical yields’
percent. The highest radiochemical yield of 4 was
95.3% at 150 microgram, While 93.6% at 100
microgram for 6. The lower amounts of the 4 and
6, he lower radiochemical vyield because of
insufficient substrate amount to chelate all the
reduced [*"Tc] species; also, by increasing 4 and
6 amount the radiochemical yield declined.
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Effect of Reducing agent of the reaction
mixture for 4 and 6

NaBH, was used for the reduction of pertechnetate
from higher oxidation state (+7) to a lower
oxidation state. The maximum radiochemical yield
of 4 was 95.3% at 15 mg of NaBH,, while 93.6% at
10 mg of NaBH, for 6. At lower NaBH, content,
the radiochemical yield of “"Tc-4 and *™Tc-6 was
decreased due to the incomplete reduction of

*"™TcO, ; also, at higher contents of NaBH4, the
radiochemical yield decreased, while the reduced

hydrolyzed technetium (RH-*";) formation

increased.

Effect of the pH of the reaction medium

The pH of the reaction medium significantly
influences the radiochemical yield of the °°™Tc-
labeled complexes. For [*"Tc] Tc-4, the highest
radiochemical yield (95.3%) was obtained at pH
8, whereas for [*™Tc] Tc-6, the optimal yield
(93.6%) was achieved at pH 9. At lower pH
values, the percentage of free pertechnetate
(°°™TcO,") increased, leading to a decrease in
radiochemical yield. Conversely, at higher pH
levels, radiochemical yield was negatively
affected due to the increased formation of °°™Tc-
colloid (RH-°°™Tc), which represents the primary
radiochemical impurity. Therefore, maintaining
the reaction pH within the optimal range is critical
to minimizing impurities and maximizing labeling
efficiency.

Effect of the pH of the reaction medium

The pH of the reaction medium significantly
influences the radiochemical yield of the °°™Tc-
labeled complexes. For [*™Tc] Tc-4, the highest
radiochemical yield (95.3%) was obtained at pH
8, whereas for [*™Tc] Tc-6, the optimal yield
(93.6%) was achieved at pH 9. At lower pH
values, the percentage of free pertechnetate
(°°™TcO,") increased, leading to a decrease in
radiochemical yield. Conversely, at higher pH
levels, radiochemical yield was negatively
affected due to the increased formation of *°™Tc-
colloid (RH-°°™Tc), which represents the primary
radiochemical impurity. Therefore, maintaining
the reaction pH within the optimal range is critical
to minimizing impurities and maximizing labeling
efficiency.

Effect of reaction time on the radiolabeling

yield percent of [*"Tc] Tc-4 and [*™Tc] Tc-6
Optimizing reaction time is a key factor in

enhancing radiolabeling purity and understanding
the Kinetic behavior of the labeling process
exergonic reactions, known for their spontaneity
and thermodynamic favorability, typically
proceed rapidly.

Effect of NaBH,amount on the radiolabeling yield percent of [**"Tc] Tc-4

120
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%Labelled compound
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%4 Colloid

Fig. 4. Effect of NaBH4 amount on the radiolabeling yield percent of [*"Tc] Tc-4. Data were presented as mean

+SD (n=3)
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Effect of NaBH, amount on the radiolabeling yield percent of [*®*™Tc] Tc-6
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Fig. 5. Effect of NaBH4 amount on the radiolabeling yield percent of [*"Tc] Tc-6. Data were
presented as mean + SD (n = 3).

Effect of pH on the radiolabeling yield percentof [**™Tc] Tc-4
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Fig. 6. Effect of pH on the radiolabeling yield percent of [**™Tc] Tc-4. Data were presented as mean +
SD (n =3).

Effect of pH on the radiolabeling yield percent of [**™Tc] Tc-6
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Fig. 7 Effect of pH on the radiolabeling yield percent of [**"Tc] Tc-6, Data were presented as mean +
SD (n=3).
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As shown in Figure 8, [*"Tc] Tc-4 achieved its
highest radiolabeling yield within the 5-30 minute
range, indicating a rapid complexation rate. The
labeled complex remained stable for over 12
hours, suggesting a favorable thermodynamic
profile characterized by a negative Gibbs free
energy change (AG). This negative AG likely
results from a decrease in system enthalpy
coupled with an increase in entropy. However, a
slight decrease in radiochemical vyield was
observed at the 60-minute mark. This reduction
may be attributed to prolonged exposure to the
reducing agent sodium borohydride (NaBH,), or
to the formation of oxidative colloidal by-
products due to radiolysis. Such factors can
negatively affect chelation stability and

compromise the structural integrity of the labeled
complex over time.

Similarly, as shown in Figure 9, the optimal
labeling yield for [*™Tc] Tc-6 was also observed
within the 5-30 minute interval. The formulation
demonstrated efficient and rapid complexation,
suggesting favorable reaction Kkinetics. The
thermodynamic profile, again, indicates a likely
decrease in Gibbs free energy (AG), reflecting
increased entropy and reduced enthalpy during the
chelation process. Beyond 30 minutes, a minor
reduction in labeling yield was noted, possibly
due to extended exposure to NaBH,. Prolonged
reaction times can promote unwanted redox side
reactions or radiolytic degradation, thereby
disrupting the chelation efficiency and structural
stability of the labeled compound.

Effect of reaction time on the radiolabeling yield percent of [**™Tc] Tc-4
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Fig. 8 Effect of reaction time on the radiolabeling yield percent of [**™Tc] Tc-4. Data were presented as mean + SD

(n=23).

Effect of reaction time on the radiolabeling yield percent of [**™Tc] Tc-6
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Fig. 9 Effect of reaction time on the radiolabeling yield percent of [**™Tc] Tc-6. Data were presented as mean + SD

(n=3).
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Effect of in vitro stability on the radiolabeling
yield percent of [*"Tc] Tc-4 and [*™Tc] Tc-6

he in vitro stability assessment was conducted to
evaluate the durability of the radiolabeled
formulations during pharmaceutical handling and
their suitability for clinical application in hospital
settings [33,43,44] Figure 10 illustrates the
stability profile of [*™Tc] Tc-4, showing a
consistently high radiolabeling yield sustained over
24 hours. The complex demonstrated excellent
stability in physiological 0.9% saline, with
radiolabeling yields exceeding 85%. This result
highlights the strong coordination between °°™Tc
and the ligand matrix 4, providing sufficient time
stability for hospital compounding and short-term
storage.

Similarly, Figure 11 shows the stability profile of
[*™Tc] Tc-6. The formulation retained over 84%
radiochemical purity after 24 hours in 0.9% saline,
indicating a satisfactory shelf-life. This consistent
in vitro stability suggests strong binding affinity
between technetium and the functional groups in
compound 6, making it a promising candidate for
clinical radiopharmacy use.

Targeting evaluation of [9mTc] Tc-4 and
[29Tc] Tc-6 in tumor bearing mice

The bio-distribution of [*™Tc]Tc-4 and [*™Tc]Tc-6
in solid tumor-bearing mice was evaluated at 15,
30, 60, and 180 minutes post-injection, with
radioactivity levels expressed as the percent of

injected dose per gram (% ID/g = SEM) for five
mice per group. The primary parameter used to
assess their tumor selectivity was the target-to-
nontarget (T/NT) ratio between the tumor tissue
and normal muscle tissue The T/NT ratio of
radiopharmaceuticals represents their capability to
target specific tumor receptor and literatures stated
that T/NT ratio greater than 1.5 proves the
potentiality of these radiopharmaceuticals as
diagnostic agents [45,46]. The results revealed that
[®™Tc] Tc-4 exhibited a T/NT ratio of 1.3 at 15
minutes, which gradually increased to its highest
value of 1.74 at 60 minutes post-injection,
indicating modest tumor selectivity. In contrast,
[®"Tc]Tc-6 showed a T/NT ratio of 1.49 at 15
minutes, which markedly rose to 4.32 at 60
minutes, reflecting strong tumor targeting
capability. These findings were compared to the
previously reported [*™Tc]lfosfamide complex,
which demonstrated a T/NT ratio of 2.9 at 60 min
under similar experimental conditions [47]. Based
on these results, [*"Tc] Tc-6 exhibited superior
tumor selectivity compared to both
[®"Tc]lfosfamide  and  [®"Tc]Tc-4,  while
[®™Tc]Tc-4 achieved acceptable but moderate
targeting efficiency. These results emphasize the
promising potential of [*"Tc]Tc-4 and [*™Tc] Tc-6
as an effective radiopharmaceutical candidate for
tumor imaging applications.

In vitro stability of [99mTc] Tc-4
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Fig. 10 Effect of in-vitro stability on the radiolabeling yield percent of [*™Tc] Tc-4. Data were presented as mean + SD

(n=23).
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In vitro stability of [**™Tc] Tc-6
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Fig. 11 Effect of in-vitro stability on the radiolabeling yield percent of [*™Tc] Tc-6. Data were presented as mean + SD

(n=3).

T/NT ratios as a function of time post injection for [*®*"Tc] Tc-4 and [**™Tc] Tc-6
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Fig. 12. T/NT ratios as a function of time post injection for [*"Tc] Tc-4 and [*™Tc] Tc-6. Data were presented as
mean + SD (n = 3). * Significant difference compared to reference standard. Note: The reference standard refers
to the universal threshold value (T/NT = 1.5) commonly used in the literature to indicate effective

tumor-targeting capability.

In Vivo Biodistribution of [*"Tc] Tc-4 in
Tumor-Bearing Mice

The biodistribution of [*"Tc] Tc-4 which, is
developed as a tumor-targeting imaging agent, was
timely evaluated to monitor its biolocalization in
various tissues for Dbetter understanding their
pharmacokinetic (ADME: Absorption, distribution,
metabolism and excretion) analysis. The study was
performed at 0.25, 0.5, 1, and 3 hours post-
injection, with results expressed as % administered
dose per gram /tissue (ID/g). Fig. 13, illustrates the

biolocalization in Ehrlich tumor-bearing mice
which  demonstrated marked tumor uptake,
highlighting the tumor-affinity of [*™Tc] Tc-4 at 15
minutes post intravenous injection, blood, liver,
kidneys, and intestines exhibited prompt radiotracer
accumulation, indicating rapid systemic uptake. As
the time passes, the uptake in the liver, and
intestines progressively increase, which may be
attributed to enterohepatic circulation and first-pass
metabolism. By the 3-hour time point, significant
clearance from the blood was found, while the heart
and spleen showed an increase in the radiotracer
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selectivity. This may be explained by the formation
of  monocationic  species, behaving like
monocatioinc transport properties of sodium ions.
A generalized clearance was observed in most
organs, with the exception of the tumor, where
uptake which progressively increase over time,
indicating tumor-specificity of [*"Tc] Tc-4.

Renal excretion increases after 30 minutes,
indicating primary excretion via the kidneys.
Gradual increase in gastrointestinal uptake was
shown which may be due to possible degradation of
[®"Tc] Tc-4, leading to the release of free
pertechnetate. The thermodynamic of this reaction,
characterized by a negative Gibbs free energy (AG),
which favors the backward radiolysis of [*™Tc] Tc-
4, particularly at physiological body temperature
[9,43,48]. Additionally, the presence of endogenous
reducing agents and oxidizing agents, including
glutathione, ascorbic acid, and uric acid, may
contribute to oxidative byproducts that affect the
radiotracer stability and biodistribution. These total
findings suggest that [*"Tc] Tc-4 exhibits high
tumor selectivity, with increasing tumor uptake
over time, elucidating its value as a promising
tumor-imaging and theranostic candidate.

Bio distribution of [*"Tc] Tc-6 in Tumor-
Bearing Mice

To evaluate the tumor-targeting of [*"Tc] Tc-6, bio
distribution studies were performed in Ehrlich
tumor-bearing mice at different time intervals: 15
min, 30 min, 1 h, and 3 h post-injection. The radio
uptake were calculated as percentage of injected
dose per gram of tissue (%ID/g). This data
highlights how the compound is absorbed,
distributed, metabolized, and elucidated as its
ADME profile.

After 15 minutes post-IV injection, significant
radioactivity amount was detected in the blood,
liver, kidneys, and intestines, suggesting that the

compound rapidly enters systemic circulation. As
the time passes, radio uptake in the liver and
intestines continued to rise, indicating first-pass
metabolism and entero-hepatic circulation. Finally,
by the 3-hour, there was a marked decrease in
blood radioactivity, confirming effective systemic
body clearance. The tumor uptake increases with the
time passing of the study, reflecting a selective bio-
accumulation in tumor tissue. This could be
attributed to enhanced permeability and retention
(EPR) effects or possible interaction with tumor-
specific receptors. The lower clearance from tumor
tissue during the observed the experiments further
support the selective retention of the 6 at the target
site.

The spleen and heart showed mild increases in

radioactivity uptake up to 3 hours, which may be
explained by binding due to formation of
monocationic species mimicking endogenous ions,
like sodium. Renal activity started to rise, pointing
toward renal excretion as a key elimination route.
Meanwhile, intestinal radioactivity gradually
increased, possibly due to partial decomposition of
the radiolabelled complex, resulting in free
pertechnetate release.This behavior may be
thermodynamically explained by a negative Gibbs
free energy change (AG) that favors backward
degradation at body temperature. Also the in vivo
biochemical environment which is rich in redox-
active molecules like glutathione, uric acid, and
ascorbate, could contribute to partial oxidation or
reduction of technetium, destabilizing the complex
and altering its biodistribution.Taken together,
these results suggest that [*™Tc] Tc-6 maintains
high tumor selectivity, with increasing uptake over
time, making it a strong candidate for tumor
imaging and theranostic development .
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Biodistribution of [**™Tc] Tc-4 in Tumor-Bearing Mice
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Fig. 13 Biodistribution of [*™Tc] Tc-4 in Tumor-Bearing Mice. Data were presented as mean + SD
(n=3).

Biodistribution of [*®*™Tc] Tc-6 in Tumor-Bearing Mice
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Fig. 14 Biodistribution of [*™Tc] Tc-6 in Tumor-Bearing Mice. Data were presented as mean + SD
(n=3).
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Conclusion

This study successfully synthesized and evaluated
two novel radiopharmaceutical agents, [*™Tc] Tc-4
and [*™Tc] Tc-6, derived from gallic acid and
vanillin respectively, for targeted tumor imaging.
Both compounds demonstrated high radiochemical
yields under optimized conditions, along with
excellent in vitro stability. Biodistribution studies in
tumor-bearing mice revealed strong tumor affinity,
particularly for [*™Tc] Tc-6, which achieved a
TINT ratio of 4.32 at 60 minutes post-injection.
These results confirm the tumor-targeting
efficiency of both agents and highlight their
potential as selective carriers for technetium-99m in
oncological imaging. Given their promising
performance, future studies should explore their
application with other isotopes, long-term safety,
and imaging efficacy in clinical trials, aiming to
establish [*™Tc] Tc-4 and [*™Tc] Tc-6 as reliable
candidates for cancer diagnostics and theranostics.
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