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Abstract: This work focuses on tracking peptic ulcer local-
ized in mice. The formation of a [99mTc]dithiocarbamate of
famotidine complex at optimum conditions of reaction tem-
perature (37 °C), reaction time (30 min), pH of the reaction
mixture (5), amount of substrate (100µg), amount of reducing
agent (tin (II) content, 50 µg), was achieved using radioactive
Tc-99m (250–400 MBq), with labelling yield of 98% and high
radiochemical purity. The in-vitro stability of [99mTc]dithio-
carbamate of famotidine complexwas shown to behigh in rat
serum for up to 8 h. Normal and ulcerated mice were used in
biodistribution studies. Famotidine works by blocking his-
tamine-2-receptor antagonists (H2RAs). The high absorption
of [99mTc]dithiocarbamate of famotidine complex in stomach
in amount of 27.15% injected dose/g organ (ID/g) observed in
ulceratedmice for up to 24 h demonstrated its usefulness as a
novel radiotracer for stomach imaging.

Keywords: complex; biodistribution; famotidine; hista-
mine-2-receptor; stomach ulcers imaging.

1 Introduction

Famotidine, also known as 3-[[2-(diaminomethylidenea-
mino)-1,3-thiazol-4-yl]methylsulfanyl]-N′-sulfamoylpropani-
midamide, is one of the drugs that can be used to reduce

gastric acid secretion [1–3]. Many radiotracers have been used
to image stomach ulcers [4–12]. However, there is a critical
point to consider regarding the radiotracer’s follow-up.
Because famotidine has a high affinity for specific stomach
receptors such as histamine-2-receptor antagonists (H2RAs), it
can be employed as a possible marker in stomach ulcer im-
aging. A stomach ulcer is known to cause mucous erosions of
0.5 cm or more in an area of the gastrointestinal tract that is
usually acidic and thus extremely painful. Helicobacter pylori
(H. pylori) is widely recognized as the most common cause of
peptic ulcers [13–15]. [99mTc]nitrido complexes are regarded as
one of the important radiotracers achieved, playing an essen-
tial role in radiocomplexation and diagnostic procedures in
nuclear medicine. In several features, including chemical and
biological properties, the [99mTc]nitrido core outperforms the
[99mTc]oxo core. Because the nitrido (N−3) ligand is a powerful
π-electron donor, it can stabilize its [99mTc]nitrido core,making
these labelled compounds pyrogen free [16]. The goal of this
study is to prepare a dithiocarbamate of famotidine (Figure 1)
that reacts with [99mTc]nitrido core to give [99mTc]dithiocarba-
mate of famotidine complex of the postulated structure given
in Figure 2 capable of overcoming the aforementioned critical
threshold. In a biodistribution investigation, two Swiss Albino
mouse models (normal and stomach ulcer models) were used
to evaluate the quantity of this labelled compound, [99mTc]
nitrido-famotidine complex, in its target organ (stomach ulcer)
for a long period of time of up to 24 h.

2 Experimental

2.1 Materials and methods

Famotidine, succinicdihydrazide, propylenediaminetetraacetic acid
(PDTA), aqueous ammonia solution, and carbon disulfide were pur-
chased from Sigma-Aldrich, St. Louis, MO, USA. Unless otherwise
specified, all chemicals were of analytical or clinical grade and were
used directly without further purification. Elemental analyses were
performed at the National Research Centre’s Micro Analytical Center
(Cairo, Egypt) using an ELEMENTAR viro EL instrument from Ger-
many. Mass spectra were recorded on a Shimadzu GCMS‐QP1000 EX
mass spectrometer at 70 eV. The 1H and 13C NMR spectrawere recorded
on a Varian Mercury VXR-350 MHz spectrometer after being dissolved
in deuterated chloroform (CDCl3) or dimethylsulphoxide (DMSO-d6),
and the chemical shifts were measured as δ (ppm) down field from
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tetramethylsilane (TMS) as an internal standard. A well-type NaI
scintillation γ-Counter Model Scalar Ratemeter SR7 (Nuclear Enter-
prises Ltd., USA) was used for radioactivity measurement. [99mTc]
(T1/2 = 6 h, Eγ = 140 keV) was eluted from a 99Mo-99mTc generator (RPF,
Egyptian Atomic Energy Authority, Inshas, Egypt). The radiotracer,
[99mTc]dithiocarbamate of famotidine complex, was purified by high
performance liquid chromatography (Shimadzu HPLC) equipped with
a UV detector SpD-6A, a reversed phase Waters symmetry C18 (10 μm,

250 × 4.6 mm) column (Waters Corporation, Milford, MA, USA), a
Lischrosorb column (5 μm, 150 × 4.6 mm) (Merck), a LC-9A pump,
DGU-2A degasser, LKB Bromma fraction collector, and C-R4A chro-
matopac data processor. RP-HPLC analysis was performed using iso-
cratic elution of water:acetonitrile:triethylamine (80:10:10, v/v/v; pH
6.0) at a column temperaturemaintained at 25 °C. The flow ratewas set
at 1.0 mL/min with the detection wavelength of 278 nm [17]. The
radiotracer, [99mTc]dithiocarbamate of famotidine complex, was
collected with a fraction collector and its activity wasmeasured with a
well type NaI (Tl) crystal connected to a single channel analyser. In
addition, the [99mTc]nitrido core was determined using a reaction
through the HPLC column of RP-18 (Lichrosorb, 5 μm, 150 × 4.6 mm)
using the gradient elution ofwater (solventA) andacetonitrile (solvent
B) injected through this column. Starting with 100% A/0% B with a
linear gradient to 0% A/100% B from 0 to 30 min. The flow rate was
adjusted to 1.0 mL/min [17–19]. Thin layer chromatography (TLC)
aluminum sheets (20 × 25 cm) SG-60 F254 were supplied by Merck. The
core of [99mTc]nitridowas detected using TLC sheets,marked 2 cm from
the base and lined into fragments 1 cm each up to 14 cm using a
combination of two different solvent systems of normal saline 0.9%
and methanol: chloroform (1:9 v/v). A spot (5 μL) from the reaction
mixture was applied with a micropipette, and then the strip was
developed in an ascending manner in a closed jar filled with N2 gas to
prevent oxidation of the labelled spot. The strip was developed using
the eluting solvent system, dried, cut into 1 cm segments, and the
radioactivity associated with each segment was measured using a
well-type NaI(Tl) detector. The colloidal impurities were separated by
filtration of the reaction mixture through a 0.22 μmMillipore filter at a
suitable pressure [18–20].

2.2 Synthesis of dithiocarbamate of famotidine

It was carried out by adding 0.5 mL of carbon disulfide solution in
ethanol (1:4 v/v) to a pre-cooled solution of famotidine (5 mg,
14.82 mol) in aqueous ammonia (2 mL) at 0 °C with stirring. The
resulting mixture was stirred overnight at room temperature. After
the reaction was completed, the dithiocarbamate famotidine
product was subjected to vacuum process to eliminate solvent and
to allow re-crystallization. Thereafter it was characterized by 1H
NMR, mass spectrometry, and elemental analysis. The yield of
dithiocarbamate famotidine was 49%, and the melting point was
(188–190 °C).

2.3 Characterization of dithiocarbamate famotidine

Mass spectrometry, 1H NMR and elemental analysis confirmed the
synthesis of dithiocarbamate famotidine [C9H14N7O2S5], with a mo-
lecular ion peak atm/z 380.62 [M–S]. The obtained results of elemental
analysis were C 26.19; H 3.42; and N 23.75%, which were in good
agreement with the calculated elemental analysis as C 26.18, H 3.39,
and N 23.76%. The 1H NMR (DMSO-d6) spectrum showed 14 proton
resonances in themolecule at δ (ppm) 8.44 (s, 2H, NH2–C=N–SO2), 2.45
(t, 2H, S–CH2–CH2–C=N), 2.73 (t, 2H, S–CH2–CH2–C=N), 3.62 (s, 2H,
C–CH2–S), 8.51 (s, 4H, 2NH2–CH=N), and 7.25 (s, 1H), aromatic (s, 1H,
2NH–CS2). The

13C NMR (DMSO-d6) spectrum showed the presence of
nine carbon resonances in the molecule at δ (ppm) 24.5, 31.8, 37.9,
115.11, 152.5, 154.9, 157.33, 168.23, and 201.7.

Figure 1: Schematic representation of synthesis of dithiocarbamate
of famotidine.

Figure 2: Structure of [99mTc]dithiocarbamate of famotidine
complex.
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2.4 Synthesis of technetium-99m nitride core

It was done using 50 μL (50 μg) of SnCl2·2H2O in aqueous HCl, adding
5 mg of succinicdihydrazide and 5 mg of PDTA, sodium dihydrogen
phosphate (0.5 mg), and disodium hydrogen phosphate (5.8 mg).
Themixture was then kept at ambient temperature for 30min after the
addition of 1mLofpertechnetate (37MBq, 1mCi) [21–33]. As a result, the
reaction mixture yielded a technetium-99m nitride core, which was
characterized using TLC and HPLC (Figure 3). The tR value of 1.8 min is
nearly close to the values of 1.86 and 1.85min reported in Refs. [20] and
[18], respectively. Although it does not convincingly establish the
structure, it gives us confidence to assume the suggested structure.

2.5 Factors affecting the radiolabelling yield

Several parameters, including ambient temperature, substrate con-
centration (50–1000µg), reactionmixture pH (2–12), and reaction time
(1–120 min) were considered, as in previous reports [18–20]. To ach-
ieve the best results (high radiolabelling yield), each of the investi-
gated parameters of the labelling process was optimized using trial
and error method. The experiment was repeated until the optimal
conditions were attained, with all factors kept at optimum, and
altering only the factor under study, till the optimization process was
completed.

2.6 Preparation of the radiotracer: [99mTc]
dithiocarbamate of famotidine complex

It was synthesized by combining a 0.5 mL solution of freshly prepared
technetium-99m nitride core (15–20 MBq) with 100 µg of famotidine
dissolved in ethanol (0.5 mL, 1 mg:1 mL). The product was vortexed
vigorously and then the mixture kept at ambient temperature at pH 5
for 30 min reaction time. The radiochemical purity of the complex,
[99mTc]dithiocarbamate of famotidine was determined using RP-HPLC
as shown in Figure 4. The product is ≥98% pure; its suggested struc-
ture is based again on HPLC data.

2.7 Serum stability

It was performed by adding 0.2 mL of radiotracer, [99mTc]dithiocar-
bamate of famotidine complex, to 1.7 mL freshly prepared rat serum.
The procedure was carried out by allowing the radiotracer to stand at
room temperature for 24 h. About 50 µL aliquots were taken from the
total mixture and analysed by HPLC to detect the % of the tracer
remaining in the original form [18–20]. The results are given in Table 1.

2.8 Biodistribution study

All animal experiments were carried out with the approval of the Ethics
Committee of the institute. The biodistributionof the radiotracer, [99mTc]
dithiocarbamate of famotidine complex was investigated using six
groups (5 mice for each group to give 30 mice in total for whole study,
n = 5). Each mouse was of the institute of famotidine complex (after
purifying by HPLC) via the tail vein. Animals were sacrificed at various
points after injection (30 min, 60min, 120 min, 240 min, 8 h, and 24 h).
All organs were isolated and the biodistribution of [99mTc]dithiocarba-
mate of famotidine complex in all organs was examined in comparison
to a standard solution of the labelled substrate [34], which eliminated
any correctiondue todecay of the radionuclide. The Student’s t-testwas
used to assess data differences. The results of the 2-tailed test for p are
reported and all findings are expressed as mean SEM. The level of
significance was set at p < 0.05.
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Figure 3: HPLCof 99mTc-Nitride core >99%, tR= 1.80min, (mean yield
% ± SD, n = 3).
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Figure 4: HPLCof [99mTc]dithiocarbamateof famotidinecomplex >98%,
tR = 6.50 min (mean yield % ± SD, n = 3).

Table : In-vitro stability in rat serum of [mTc]dithiocarbamate of
famotidine complex.

Time (h) [mTc]dithiocarbamate
of famotidine (%)

[mTc]nitrido
core (%)

 . ± . . ± .
 . ± . . ± .
 . ± . . ± .
 . ± . . ± .
 . ± . . ± .

Values represent the mean ± SEM, n = .
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2.9 Blocking study

Various concentrations of unlabelled famotidine ranging from 0 to
1000 μg were used. Unlabelled famotidine was injected into the mice
30 min before the administration of the radiotracer, [99mTc]dithiocar-
bamate of famotidine complex, and the percent of ulcerated stomach
uptake was assessed 30 min post injection of the [99mTc]dithiocarba-
mate of famotidine complex (n = 5) [27–35].

2.10 Ulceration method of the mice stomach

There are numerousmethods for inducing stomach ulcers in laboratory
animals. The simplest way of inducing stomach ulcers in mice is to
administer 1 mL HCl (or) acidified ethanol/mice intravenously (0.1 mL
HCl/ethanol per 10 g bodyweight and 55–65% 150mmolHCl) [35]. After
1–2 h, the stomach distended and ulcer symptoms appeared [4–14].

3 Results and discussion

3.1 Evaluation of percent radiotracer and the
purity of the labelled compound, [99mTc]
dithiocarbamate of famotidine complex

Most of the colloidal impurities such as [99mTc]-tin-
colloid, technetium dihydroxide, stannous dihydroxide,
or technetium tetrahydroxide were eliminated using a
0.22 μm Millipore filter. There are four main species,
[99mTc]nitride core, [99mTc]dithiocarbamate of famotidine
complex, [99mTcO4]

− and the rest colloid ([99mTc]O2·nH2O);
their contributions were estimated using the TLC method
described in earlier reports [24, 25]. In the first mobile
phase (saline), free pertechnetate, colloid (if any, [99mTc]
O2·nH2O) and the complex ([99mTc]dithiocarbamate of
famotidine complex) remained at the origin, Rf 0–0.1, but
the intermediate core ([99mTc]nitride core) migrated to the
front, Rf 0.7–1.0. In the second mobile phase (meth-
anol:chloroform, 1:9 v/v), the complex ([99mTc]dithiocar-
bamate of famotidine complex) migrated to the front, Rf
0.9–1.0, but the free pertechnetate, ([99mTcO4]

−), colloid, if
any ([99mTc]O2·nH2O), if any, and intermediate core
([99mTc]nitride core) remained at the origin, Rf 0–0.1. In
addition, the purity of the radiotracer [99mTc]dithiocar-
bamate of famotidine complex and its core was also
confirmed by HPLC data. The purity of the core interme-
diate ([99mTc]nitride core) was more than 99% at Rt value
of 1.80min, whereas theRt value of free pertechnetatewas
3.5 min (Figure 3). On the other hand, the Rt values of
[99mTc]dithiocarbamate famotidine complex and the
free pertechnetate were 6.5 and 4.0 min, respectively
(Figure 4).

3.2 Reaction optimization

The parameters affecting the labelling process were opti-
mized to achieve the maximum radiolabelling yield at
ambient temperature. As shown in Figure 5, the high radio-
labelling yield of the complex (98.0%) was observed with
substrate concentrations of 100µg of famotidine and 7.4MBq
of [99mTc]nitride core, the rest of the factors being constant
[26]. Furthermore, the pH of the reaction mixture is regarded
as a crucial parameter in the radiolabelling process and pH 5
was found to be optimal for this process (Figure 6), possibly
through improvement in the stability of the [99mTc]dithio-
carbamate of famotidine complex [36–40]. The effective re-
action time (Figure 7) was also investigated; a period of
30 min led to the maximum radiolabelling yield of 98.0%,
without any noticeable change while raising the response
time above the optimum (30 min) [27]. Moreover, the radio-
labelling yield greatly increased up to amaximumof 50 μg of
tin (II) content (optimumcontent), reachingavalueof 98.0%.
Tin (II) content greater than 50 μg may lead to the formation
of an undesirable colloid. Ultimately, the in vitro stability of
[99mTc]dithiocarbamate of famotidine complex was investi-
gated in rat serum. The radiotracer, [99mTc]dithiocarbamate
of famotidine complex, was shown to be stable for 24 h with
no discernible alteration. After 12 h, the stability decreased to
95%, and then dropped to 94% after 24 h, Table 1 [41–45].

3.3 Blocking study of histamine-2-receptor
antagonists (H2RAs)

Famotidine (250–1000 μg) was utilized to pre-dose animals
with unlabelled famotidine 30 min before the injection of
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Figure 5: Effect of amount of dithiocarbamate of famotidine (in %)
on the radiolabelling yield % of [99mTc]dithiocarbamate of
famotidine complex. Conditions: 50–1000 µg of famotidine, 50 µg
Sn (II), pH 5 and 30min reaction time, (mean yield%± SD,n=3). The
curve is an eye-guide.
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hot [99mTc]dithiocarbamate of famotidine complex, which
reduced ulcerated stomach uptake from 68 to 8% ID/g or-
gan at 30 min after injection. The thermally tagged mole-
cule, [99mTc]dithiocarbamate of famotidine complex, binds
specifically with H2RAs in the stomach. As a consequence
of this research, [99mTc]dithiocarbamate of famotidine
complex can be successfully used in imaging of histamine-
2-receptor antagonists in mice (Figure 8) [46–50].

3.4 Biodistribution study

Table 2 shows the biodistribution of [99mTc]dithiocarba-
mate of famotidine complex in different body organs and
fluids of normal mice. All radioactivity levels are expressed
as an average percent-injected dose per organ tissue (%ID/g

organ ± SD), in comparison to the activity in a standard
solution of the labelled substrate at the time of examination
[51–55]. The kidneys’ uptakewas found to be 35% at 60min
and reduced to 3.17% at 24 h post injection (p.i.). Therefore,
the labelled compound, [99mTc]dithiocarbamateof famotidine
complex, is excreted mainly through the urinary pathway
system [56–58]. The radiotracer, [99mTc]dithiocarbamate of
famotidine complex, is distributed rapidly in most organs at
30min post injection [59–66]. The stomachuptakewas found
tobe8.28%at 30minpost injection anddecreased to 2.25%at
24 h post injection. Therefore, this could be considered as a
new period for stomach imaging at a new appropriate time
that is superior to several radiotracers [4–12].

Table 3 shows the biodistribution of [99mTc]dithiocarba-
mate of famotidine complex in ulcer-bearing mice. This bio-
logical distribution clearly shows that there is no variation
between Tables 2 and 3 except for the concentration of the
labelled component, [99mTc]dithiocarbamate of famotidine
complex in the ulcerated stomach. As a result, it is critical to
compare the uptake of the labelled chemical, [99mTc]dithio-
carbamate of famotidine complex concentration, in ulcerated
and non-ulcerated stomachs in both modes. Table 3 shows
that the ulcer stomach uptake was 68% at 30 min post in-
jection and remained high to 27.15% at 24 h post injection,
which was higher than the normal stomach uptake (Table 2).

We compare this ulcer stomach uptake of [99mTc]
dithiocarbamate of famotidine complex (68% at 30 min
p.i.), % ID/g organ ± SD, value with some published
labelled compounds such as [131I]rabeprazole (33.5% at
30 min p.i.) [6], [125I]famotidine (65.9% at 30 min p.i.) [5],
[125I]omeprazole (28.0% at 30 min p.i.) [13], [125I]cimetidine
(30.12% at 30 min p.i.) [11], [99mTc]rabeprazole (33.4% at
30 min p.i.) [9], [99mTc]pantoprazole (27.2% at 30 min p.i.)
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Figure 6: Effect of pH on the radiolabeling yield of [99mTc]
dithiocarbamate of famotidine complex. Conditions: 100 µg of
famotidine, 50 µg Sn (II), pH (2–12) and 30 min reaction time, (mean
yield % ± SD, n = 3). The curve is an eye-guide.
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Figure 7: Effect of reaction time on the radiolabelling yield % of
[99mTc]dithiocarbamate of famotidine complex. Conditions: 100 µg
of famotidine, 50 µg Sn (II), pH 5 and (1–120) min reaction time,
(mean yield % ± SD, n = 3). The curve is an eye-guide.

Figure 8: Inhibition of uptake of [99mTc]dithiocarbamate of
famotidine complex by stomach as a function of amount of
preinjected famotidine in normal male Swiss Albino mice at 30 min
post injection (%ID/g ± SD, n = 5).
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[7], [99mTc]esomeprazole (16.33% at 30min p.i.) [10], [99mTc]
omeprazole (22% at 60 min p.i.) [8] and 99mTc-tannic acid
(15% at 120 min p.i.,max. value). According to the findings
of this investigation, the labelled compound, [99mTc]
dithiocarbamate of famotidine complex, has a higher %
ID/g organ ± SD value than other materials [4–14].

4 Conclusions

The labelling conditions of the molecule, [99mTc]dithio-
carbamate of famotidine complex, have been improved for
the production with high radiolabelling yield of 98% and
high stability in rat serum. According to biodistribution
experiments in mice, the radiotracer under investigation
has a high ulcer stomach absorption of 68% ID/g at 30 min
post-injection. This ID/organ value is greater than those of
other newly discussed agents according to Refs. [4–14].

Therefore, the radiotracer [99mTc]dithiocarbamate of
famotidine complex might be considered a new possible
selective radiotracer for ulcerated stomach imaging.
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