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Abstract: This study focuses on the synthesis and pre-
liminary bio-evaluation of [®™Tc]-technetium tricarbonyl
procainamide ([**™Tc]-technetium tricarbony PA) as a viable
cardiac imaging agent. The compound, [*™Tc]-technetium
tricarbony PA, was synthesized by labelling procainamide
with a [®™Tc]-technetium tricarbonyl core, yielding a high
radiochemical yield and radiochemical purity of 98%. Under
optimal circumstances, high radiochemical yield and purity
were obtained utilizing [*™Tc]-technetium tricarbonyl core
within 30 min of incubation at pH 9, 200 pg substrate con-
centration, and 100 °C reaction temperature. The heart showed
a high absorption of 32.39 + 0.88% of the injected dose/g
organ (ID/g), confirming the suitability of [*™Tc]-technetium
tricarbonyl PA as a viable complex for heart imaging.

Keywords: biodistribution; heart imaging; [*"Tc]-tricarbonyl
core; [®™Tc]-tricarbonyl procainamide.

1 Introduction

Procainamide (PA), also known as 4-amino-N-[2-(dieth-
ylamino)ethyl]benzamide hydrochloride, was chosen
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therapeutically due to its relationship with sodium channel
blockers as an efficient anti-arrhythmic medication useful in
the treatment of a wide range of heart conditions (such as
atrial and ventricular arrhythmias) [1-9]. Despite the fact
that several tracers in the field of heart imaging have been
investigated, they all rely on receptors other than sodium
channel blockers [6, 10-14]. In addition, some radiotrac-
ers worth noting here include [®™Tc]sestamibi, [**™Tc]
N-DBODC5, [*™Tc]CO-MIBI, and [*™Tc]tetrofosmin, which
are among the most frequently used radiopharmaceuticals
for myocardial perfusion imaging. Despite their extensive
clinical usage, they are not ideal complexes owing to their
high initial hepatic absorption, which might impair inter-
pretation of inferior wall abnormalities due to adjacent
photon scatter [15-17]. Therefore, instead of the other re-
ceptors previously studied, this tracer, [*™Tc]-technetium
tricarbonyl PA, was chosen as a new diagnostic agent that
can be utilized in cardiac imaging via sodium channel
blocker [15-25]. Nevertheless, there is a key aspect that
pertains to the concentration of reported radiotracers in the
lungs and heart, as well as blood and liver via f1-receptors.
To mitigate the disadvantages, the anti-arrhythmic drug PA
was chosen as a potential agent that can be applied in heart
imaging via sodium channel blocker rather than the other
receptors previously explored. Although PA has previously
been labelled with Tc-99m in a previous study, the quantity
of complex concentrated in the cardiac muscle was not as
significant (i.e., 16.7 + 0.8% ID/g at 5 min post-injection)
[26-43]. Furthermore, as evidenced by its substantial ab-
sorption in the stomach (10.5 + 0.5% ID/g at 120 min post-
injection), this chemical is not stable in vivo. As a result,
further improvements to this molecule, such as the incor-
poration of a [*™Tc]-tricarbonyl core, are required to
improve bio-stability and cardiac absorption while limiting
unwanted accumulation in other tissues and/or organs. The
aim of this study is to develop the radiotracer, [*™Tc]-tech-
netium tricarbonyl PA (Figure 1), for greater accumulation in
cardiac tissues by using a sodium channel blocker, and to
investigate the feasibility of the radiotracer as a novel heart-
imaging agent [44-50]. Additionally, the biodistribution of
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Figure 1: The proposed structure of the molecule, [*™Tc]-
technetium tricarbonyl PA complex.

the labelled molecule, [*™Tc]-technetium tricarbonyl PA, in
its target organ (heart) in Swiss Albino mice was explored.

2 Experimental
2.1 General

The drug procainamide (PA) was purchased from Sigma-Aldrich
Chemical Company, USA, and all other chemicals and solvents were
obtained from Merck Co., Kenilworth, NJ, USA. Thin layer chroma-
tography (TLC) aluminum sheets (20 x 25 cm) SG-60 Fs,, were supplied
by Merck. Unless otherwise specified, all chemicals were of analytical
grade and were utilized immediately without further purification.
Elutec Brussels, Belgium, eluted pertechnetate [**™TcO,”] from a
9Mo/**™Tc generator. For radioactive measurement, a well-type Nal
scintillation-counter model Scalar Ratemeter SR7 (Nuclear Enterprises
Ltd., USA) was used. Shimadzu reversed-phase HPLC system with a
Lichrosorb C-18 column (5 m, 250 x 4.6 mm), an LC-9A pump, a
rheodyne injector, interconnected with a UV detector (SPD-6A) for
non-radioactive samples and a Nal(Tl) detector for radioactive sam-
ples analysis was used. Paper electrophoresis (PE) apparatus from E.C.
Corporation (Albany, OR, the United States) was used to observe the
charge on the radiopharmaceutical. A gradient mobile phase system
consisting of Triethyl ammonium phosphate (TEAP) 0.05 M (solvent A)
and methanol (solvent B) was used for the analysis, with a detection
wavelength of 254 nm and a flow rate of 0.06 mL min. The injection
volume of [*™Tc]-technetium tricarbonyl PA mixture was 10 pL. The
separation was achieved using the gradient program as follows: an
isocratic elution (100% A) for the first 0-5 min; linear gradients of 75%
A/25% B to 100% A/0% B for 5-8 min; 66% A/34% B to 75% A/25% B
for 8-11 min; 0% A/100% B to 66% A/34% B for 11-22 min; and an
isocratic elution of 100% B for 22-25 min [26]. Separate fractions of
0.60 mL volume were collected using a fraction collector to a total
volume of 25 mL and counted in a well-type NalI(T1)-counter (BLC-20,
BUCK Scientific).

2.2 Radiolabeling

2.2.1 Radiosynthesis of [**"Tc]-technetium tricarbonyl precursor:
The [**™Tc]-technetium tricarbonyl precursor, fac-[[*™Tc]-(C0);(H,0)s]",
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was made by adding 1 mL of [®™Tc]-pertechnetate ([*™TcO,],
750-3500 MBq) to a penicillin vial containing 4.5 mg sodium bor-
anocarbonate, 7.15 mg Na,COs, 8.5 mg sodium tartrate, and 2.85 mg
sodium tetra borate [22]. The solution was boiled for 30 min in a boiling
water bath, then cooled and adjusted to pH 11. RP-HPLC was used to
determine the radiosynthesis yield and stability of the [*™Tc]-techne-
tium tricarbonyl precursor by injecting 10 pL of the reaction mixture into
the column after filtration with a Millipore filter (0.22 pm).

2.2.2 Radiolabeling procedure of [**"Tc]-technetium tricarbonyl PA:
Approximately 2 mL of the [*™Tc]-technetium tricarbonyl PA radio-
tracer was radiosynthesized by adding 1 mL of freshly generated
[*™Ic]-technetium tricarbonyl precursor ion to varied PA concentra-
tions (100-1000 pg, optimum 200 pL PA), 1 mg PA: 1 mL of ethanol, at
room temperature, and pH ranges ranging from 3-12 (optimum at pH9,
200 pL). After that, the reaction vial was heated to 100 °C for 30 min
(optimum reaction time) [51-60]. After cooling to room temperature,
the radiolabeling yields were measured and validated using thin layer
chromatography (TLC) and radio-HPLC.

2.2.3 TLC analysis: The radiochemical conversion to [*™Tc]-techne-
tium tricarbonyl PA complex was determined using silica gel GF,s,
plates. Using a non-pointed pencil, the sheets were marked 2 cm above
the base with 1 cm lining fragments up to 14 cm. Following filtration
with a Millipore filter (0.22 L), 5 uL (1.50 MBq) of the reaction mixture
was spotted with a micropipette at lower edge of the plates and
allowed to evaporate. The plate was developed using acetonitrile as
the mobile phase. The strips were removed, dried, and cut into 1 cm
segments, after which the radioactivity was measured using an SR.7
gamma counter [27-29]. The Rf of free [*™Tc]-pertechnetate ranged
between 0.3 and 0.4. The Rf of [*™Tc]-tricarbonyl PA complex was
between 0.8 and 1.0, while the Rf of [*™Tc]-technetium tricarbonyl
precursor was 0.1 [61-77]. The percentage radiolabeling yields
of [®™Tc]-technetium tricarbonyl PA can then be estimated to
yield =98%.

2.3 Physicochemical evaluation

2.3.1 Stability in two different media: The stability of [*™Tc]-tech-
netium tricarbonyl procainamide complex was determined in two
distinct mediums, rat serum and normal saline. In brief, 0.1 mL of
purified [*™Tc]-technetium tricarbonyl PA complex (3.0 x 107> GBq)
was added to 1.9 mL of normal rat serum and the mixture was main-
tained at room temperature for 24 h. Similarly, 0.2 mL of the [*™Tc]-
technetium tricarbonyl PA complex (3.0 x 10~ GBq) was added to
0.8 mL of normal saline and incubated for 24 h at room temperature
[78-90]. The stability of the radiotracer [*™Tc]-technetium tricarbonyl
PA complex in two different media was measured using TLC and/or
HPLC techniques and counted in a well-type -scintillation counter at
different time intervals (at 3, 6, 12, 24, and 48 h).

2.3.2 Biodistribution and animal studies: Animal experiments (using
Swiss Albino mice of 35-40 g) were approved by Ethical Committee
of the Labeled Compounds Department. Animals were randomly
distributed in six groups (n = 5). All animals were intravenously
injected with 0.2 mL (200-300 KBq) of [*™Tc]-technetium tricarbonyl
PA complex via the tail vein. The animals were sacrificed at various
time points of post injection (at 5, 15, 30, 60, 120, and 180 min) and
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were used to determine the quantitative biodistribution of [*™Tc]-
tricarbonyl PA complex in different organs (at each time point). All
organs were separated and measured in contrast to a standard solu-
tion of the labeled substrate. In addition, fresh blood, bone, and
muscle samples were also taken and measured [91-100]. The mean
percentage of the administered dose per gram (% ID/g + SD) was
calculated. The blood, bone, and muscle weight ratios were estimated
to be 7, 10, and 40% of total body weight, respectively [35, 36]. During
the experiments, corrections for background radiation and decay were
done. The data were estimated using one way ANOVA test. Results for
P were reported and all the outcomes were given as mean + SD. The P
values < 0.05 were considered as statistically significant.

2.3.3 Blocking study: Various concentrations of unlabeled PA as 1 mg
PA: 0.15 mL ethanols, 0.15 mL pH 9 at room temperature to give total
volume of 0.4 mL of mixture/1 mg PA were used ranging from O to 1 mg
(0.4 mL of mixture). The study was performed according to the method
described in the literature [37-40]. Unlabeled PA, was injected in the
range of 0.40 mL (1 mg PA) to 0.10 mL (0.25 mg PA) into the animals
5 min before the administration of the radiotracer, [*™Tc]-technetium
tricarbonyl PA complex, and the percentage of cardiac uptake was
measured 5 min post injection of the labeled compound [101-110].

3 Results and discussion

3.1 Evaluation of radiolabeling yield by TLC,
HPLC, and PE

The radiolabeling yield of [*™Tc]-technetium tricarbonyl
procainamide complex compared to free pertechnetate and
[*™Tc]-technetium tricarbonyl core was calculated using
the percentage (%) on TLC at Rf 0.8 to 1.0, Rf 0.3 t0 0.4, and
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counter, an optimal conversion of 98.0% was determined
[111-120]. HPLC analysis was used to determine the purity
of the [*™Tc]-technetium tricarbonyl PA. As shown in
Figure 24, the R, values of free [*™Tc]-pertechnetate and
[**™Tc]-technetium tricarbonyl core were 11.66 and 4.7 min,
respectively. The HPLC chromatogram of reaction mixture
revealed two peaks for [*™TIc]-technetium tricarbonyl
procainamide complex and [*™Tc]-technetium tricarbonyl
core at Rt 9.6 and 4.11 min, respectively (Figure 2B). As
shown in Figure 2B, A single and solitary peak (at R; = 9.6)
against the flat background of the HPLC chromatogram
revealed the formation of only one complex, [®™Tc]-tech-
netium tricarbonyl procainamide with 99% purity, which
can be isolated, evaporated, and then immediately injected
into mice. Also, paper electrophoresis was used where
[*™Tc0,7], [**™Tc]tricarbonyl core, and [**™Tc]tricarbonyl
procainamide moved to different distances away from the
spotting point towards the anode (positive electrode) and
cathode (negative electrode) to give a distance from spot-
ting point = 11, -2.9, and 0 cm respectively, i.e. this com-
plex has neutral charge.

3.2 Reaction optimization

Many radiolabeling parameters, including reaction dura-
tion, substrate quantity (ligand, PA), and pH (acidic-to-
basic), were adjusted to achieve 98% radiochemical purity
of [®™Tc]-technetium tricarbonyl PA complex [121-129].
Table 1 indicates that when the ligand concentration
increased to 200 pg, the conversion to [*°™Tc]-technetium

Rf 0.1, respectively. Using a Nal (Tl) y-ray scintillation tricarbonyl PA complex reached the maximum
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Table 1: Effect of changing substrate on radiochemical yield of
[**™Tc]-technetium tricarbonyl PA complex.

Substrate [**Tc]-tricarbonyl [**™Tc]-tricarbonyl
amount (pg) procainamide precursor
50 55.0 + 0.19 45.0 + 0.17
100 70.0 £ 0.16 30.0 + 0.66
150 88.0 £ 0.20 12.0+£0.14
200 98.5 +0.15 1.5+0.12
250 98.2 +0.14 1.8 +0.34
500 95.0 £ 0.18 5.0 + 0.24
700 94.0 +£ 0.98 6.0 + 0.60
900 93.0 £ 0.16 7.0 +0.61

Values represent the mean + SEM, n = 3.

(98.5 + 0.15%), while the other reaction conditions
remained constant. The pH is an important factor influ-
encing the stability of the labelling process, which must
also be maintained. The optimal pH was determined to be

Table 2: Effect of changing pH of reaction mixture on radiochemical
yield of [°™Tc]-technetium tricarbonyl PA complex.

pH [**Tc]-tricarbonyl [**™Tc]-tricarbonyl

procainamide precursor
3 56.0 £ 0.17 44.0 +0.19
4 70.0 £0.18 30.0 £ 0.91
5 75.0 £ 0.20 25.0 £ 0.12
7 85.0 £ 0.15 15.0 £ 0.13
8 92.0 £ 0.17 8.0 £0.30
9 98.5 +0.19 1.5+0.17
10 80.0 £ 0.15 20.0 £ 0.23
12 70.0 £0.18 30.0 + 0.88

T T T T T T
16 18 20 22 24

T T T
tricarbonyl and [*™Tc]-technetium
tricarbonyl PA complex were 4.11 and

9.6 min, respectively.

pH 9, and the radiochemical purity of [*™Tc]-technetium
tricarbonyl PA complex was 98.5%. As shown in Table 2,
the pH value of the reaction mixture below and above 9 has
a substantial impact on the optimal radiochemical yield of
[®™Tc]-technetium tricarbonyl PA complex. In addition,
the highest radiochemical yield of [*™Tc]-technetium tri-
carbonyl PA complex was obtained using the optimal re-
action duration of 30 min (Table 3). Finally, the stability of

Table 3: Effect of reaction time on radiochemical yield of [°*™Tc)-
technetium tricarbonyl PA complex.

Reaction time [**™Tc]-tricarbonyl [**™Tc]-tricarbonyl

(minutes) procainamide precursor
1 80.0 + 0.49 20.0 £ 0.36
15 90.0 + 0.25 10.0 + 0.17
30 98.5 +0.11 1.5 +0.10
45 98.6 + 0.20 1.4 +0.51
60 98.4 +0.70 1.6 + 0.19

Values represent the mean + SEM, n = 3.

Table 4: In-vitro stability in rat serum of [**™Tc]-technetium tricarbonyl
PA complex.

Time (h) [®*™Tc]-tricarbonyl [**™Tc]-tricarbonyl

procainamide precursor
3 98.6 + 0.18 1.4 £ 0.55
6 98.3+0.17 1.7 £ 0.61
9 95.0 + 0.33 5.0 + 0.48
12 94.0 + 0.16 6.0+ 0.12
24 92.0 + 0.15 8.0 £ 0.39
48 84.0 £ 0.77 16.0 + 0.29

Values represent the mean + SEM, n = 3.

Values represent the mean + SEM, n = 3.
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Table 5: In-vitro stability in saline of [°™Tc]-technetium tricarbonyl
PA complex.

Time (h) [**Tc]-tricarbonyl [**™Tc]-tricarbonyl

procainamide precursor
3 98.5+0.39 1.5+ 0.98
6 98.6 + 0.12 1.4+ 0.78
9 98.4+0.77 1.6 + 0.93
12 98.0 + 0.12 2.0+0.17
24 97.0 £ 0.95 8.0+ 0.38
48 92.0 + 0.62 8.0+ 0.81

Values represent the mean + SEM, n = 3.

the [*™Tc]-technetium tricarbonyl PA complex in two
distinct mediums was investigated in vitro [130—144]. The
percentage of radiochemical purity in rat serum was 92%
after 24 h and 84% after 48 h (Table 4). The radiochemical
purity in saline solution was 97%, and it was shown to be
stable for up to 24 h (Table 5).

3.3 Blocking study

Mice were given different doses of PA (0-1 mg/kg) 5 min
before receiving the [*™Tc|-technetium tricarbonyl PA
complex. At 5 min after injection, the heart uptake dropped
from 32.39 to 6% ID/g organ. This is because unlabeled PA
binds preferentially to sodium channels in the heart. As a
consequence of this study, we can conclude that the
compound [**™Tc]-technetium tricarbonyl PA may be suc-
cessfully used to image sodium channel blockers in the
heart of mice (Figure 3) [40].
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3.4 Biodistribution study

In normal Swiss Albino mice, a bio-distribution study of the
radiotracer [*™Tc]-technetium tricarbonyl procainamide
complex was carried out, and the absorption in various
organs and fluids is given in Table 6. All levels of radio-
activity are expressed as average percent-injected dose
per organ (% ID/g organ + SD) [25-27]. Furthermore, at
5 min post-injection, the radiotracer [*™Tc]-technetium
tricarbonyl procainamide was rapidly distributed in most
organs such as heart, lungs, liver, intestine, kidneys, heart,
stomach, spleen including blood [15]. After 1 h post injec-
tion, the uptakes of the liver, intestine, and muscle were
8.55, 5.15, and 4.11%, respectively, and decreased to 2.15,
2.11, and 1.13% at 3 h post injection. In addition, the renal
uptake was determined to be 23.9%, at 60 min post infec-
tion, and at 3 h post injection, it was reduced to 8.16%.
Therefore, the labelled molecule, [*™Tc]-technetium tri-
carbonyl PA complex, is mostly eliminated through the
hepatobiliary and urinary pathways [35]. The stomach
uptake was determined to be 1.11% at 5 min post injection
and reduced to 0.99% at 3 h post injection, demonstrating
the stability of [**™Tc]-technetium tricarbonyl PA complex
in vivo [22]. At 5 min post injection, the uptake of heart was
found to be 32.39%, and at 3 h post injection, it was found
to be 5.17%. These findings suggest that the labelled
compound, [*™Tc]-technetium tricarbonyl PA complex,
has a higher propensity for accumulation than **"Tc-PA
[28]. After 5, 15, 30, 60, 120, and 180 min post injection, the
heart-to-liver ratios of the [*™Tc]-technetium tricarbonyl
PA complex were 10.87, 7.34, 4.61, 1.68, 1.95, and 2.40%,

[99mTc]tricarb0nyl procainamide complex
30
)
R
Q -
e
2
< 20
~—
(=7
=
- ]
=
<
D
= 10-
=
0 . . . i Figure 3: [®™Tc]-technetium tricarbonyl PA
0.00 ' 0.25 ' 0.50 ' 0.75 1.00 complex inhibition heart uptake in normal

Cold procainamide amount,mg

male Swiss Albino mice at 5 min post
injection (%ID/g + SD, n =5).
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Table 6: Biodistribution of [**™Tc]-technetium tricarbonyl PA complex in normal mice at different times.
Organs % 1.D./g at different times post injection

5 min 15 min 30 min 60 min 120 min 180 min
Blood 8.77 £ 0.08 4.67 £ 0.11 2.15+0.13 2.12+0.10 1.11 £ 0.20 1.00 + 0.28
Bone 1.12 £ 0.01 1.10 £ 0.02 0.99 + 0.00 0.94 +0.00 0.91 + 0.00 0.89 + 0.00
Muscle 3.17 £ 0.10 3.88 £ 0.02 4.11 + 0.04 3.16 + 0.02 2.15 £ 0.02 1.13 £ 0.01
Brain 1.00 + 0.01 0.98 + 0.04 0.95+0.01 0.91+0.03 0.89 + 0.00 0.85+0.00
Lungs 3.11 £ 0.15 2.17 £ 0.05 2.00 £ 0.15 1.19 £ 0.12 1.15+0.13 1.11 £ 0.02
Heart 32.39+0.88 29.14 £ 0.33 25.11 + 0.44 14.37 +£ 0.67 8.12+0.29 5.17 £ 0.19
Liver 2.98 +0.11 3.97 £ 0.22 5.44 +0.15 8.55+0.52 4.16 + 0.03 2.15+0.68
Kidneys 4.12 + 0.13 11.27 £ 0.88 18.67 +0.18 23.90 £ 0.11 14.22 + 0.27 8.16 + 0.09
Spleen 1.15 £ 0.01 1.10 £ 0.02 1.00 £ 0.01 0.95 + 0.00 0.90 + 0.00 0.80 + 0.00
Intestine 2.12+0.03 3.44 +0.16 4.35+0.02 5.15+0.88 4.17 £ 0.08 2.11 + 0.04
Stomach 1.11 £ 0.10 1.10 £ 0.01 1.00 +£ 0.02 0.99 £ 0.01 0.98 + 0.00 0.99 + 0.00
Heart/blood 3.70 £ 0.02 6.24 +0.09 11.68 + 0.23 6.78 £ 0.45 7.31+0.31 5.17 £ 0.69
Heart/lungs 10.41 + 0.52 13.43 £ 0.78 12.56 + 0.19 12.10 £ 0.77 7.10 £ 0.82 4.66 + 0.33
Heart/liver 10.87 + 0.66 7.34+£0.73 4.61 +0.42 1.68 + 0.02 1.95+0.02 2.40 £ 0.04

Mean + SD (mean of five experiments).

respectively (Table 1). Additionally, heart-to-lungs ratios of
[®™Tc]-technetium tricarbonyl PA complex was noted to be
10.41, 13.43, 12.56, 12.10, 7.10 and 4.66% at 5, 15, 30, 60, 120
and 180 min post injection, respectively. In comparison to
the ?™Tc-PA radiotracer, the [**™Tc]-technetium tri-
carbonyl PA complex had higher heart-to-liver and heart-
to-lungs ratios as reported for heart-to-liver ratios of 2.98,
2.60, 2.40, 2.06, 0.95, and 0.49% at 5, 10, 15, 30, 60, and
120 min post injection, respectively; and heart-to-lungs
ratios of 4.63, 4.81, 5.13, 6.38, 5.40, and 3.62% at 5, 10, 15,
30, 60, and 120 min post injection, respectively. In terms of
heart-to-liver or lung ratios, the proposed radiotracer
[®™Tc]-technetium tricarbonyl PA complex outperformed
the ™Tc-PA complex.

4 Conclusions

An optimized methodology for the synthesis of the radio-
tracer [*™Tc]-technetium tricarbonyl PA complex with a
high radiochemical yield of 98% was established. The
stability of the newly synthesized radiotracer was found to
be stable (radiolabeling purity of about 98%) in normal
saline and rat serum for up to 6 h. The biodistribution
studies in mice revealed that [*™Tc]-technetium tri-
carbonyl PA complex had a high cardiac uptake of 32.39%
ID/g at 5 min post injection, which decreased to 5.17%at 3 h
post injection. The % ID/g organ values of the [*™Tc]-
technetium tricarbonyl PA complex is higher than those of
the ®™Tc-PA complex. Therefore, the radiotracer [*™Tc]-
technetium tricarbonyl PA complex may be considered a
novel cardiac imaging agent.
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