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Abstract
This study was designed to investigate the capability of a small-animal SPECT imager, FastSPECT
II, for dynamic rat heart imaging and to characterize the in vivo kinetic properties of 99mTc-C2A-
GST, a molecular probe targeting apoptosis and necrosis, in detecting cell death in ischemic-
reperfused rat hearts.

Methods—C2A-GST was radiolabeled with 99mTc via 2-iminothiolane thiolation. Myocardial
ischemia-reperfusion was induced by 30-minute ligation of the left coronary artery followed by 120-
minute reperfusion in seven rats. FastSPECT II cardiac images of 99mTc-C2A-GST in list-mode
acquisition were recorded for 2 hours using FastSPECT II.

Results—Tomographic images showed a focal radioactive accumulation (hot spot) in the lateral
and anterior walls of the left ventricle. The hot spot was initially visualized 10 minutes after injection
and persisted on the 2-hour images. Quantitative analysis demonstrated that the hot spot radioactivity
increased significantly within 30-minute post-injection and experienced no washout up to the end of
the 2-hour study. The ratio of the hot spot/viable myocardium was 4.52 ± 0.24, and infarct-to-lung
ratio was 8.22 ± 0.63 at 2 hours post-injection. The uptake of 99mTc-C2A-GST in the infarcted
myocardium was confirmed by triphenyl tetrazolium chloride (TTC) staining and autoradiography
analysis.

Conclusions—FastSPECT II allows quantitative dynamic imaging and functional determination
of radiotracer kinetics in rat hearts. An in vivo kinetic profile of 99mTc-C2A-GST in the ischemic-
reperfused rat heart model was characterized successfully. The pattern of accelerated 99mTc-C2A-
GST uptake in the ischemic area-at-risk after reperfusion may be useful in detecting and quantifying
ongoing myocardial cell loss induced by ischemia-reperfusion.
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1. Introduction
Acute myocardial infarction (AMI) is characterized by extensive cardiac cell death in the
ischemic area-at-risk (IAR). As major forms of cell death, apoptosis and necrosis take place
in multiple types of cardiac cells and contribute significantly to the irreversible damage of the
myocardium in ischemic-reperfused hearts [1–3]. The significance in identifying cell death
and its pathways is that it can provide a novel therapeutic opportunity and lead to the design
of a new class of therapeutic agents aimed at preventing cell death and lessening AMI. At least
in theory, molecular imaging techniques that detect the molecular signatures of cell death can
provide highly specific assessment of AMI. In practice, this can be accomplished using
molecular probes, which recognize the molecular markers of cardiac cell death.

While apoptosis and necrosis are distinctly different modes of cell death, a common molecular
marker, the exposure of anionic phospholipids (APLDs), allows their detection as a single
comprehensive category in dead and dying tissues [4–6]. In normal cells, the APLDs, including
phosphatidylserine (PtdS) and phosphatidylinositides (PtdIs), are strictly constituents of the
inner leaflet of the plasma membrane. With the onset of apoptosis, PtdS is externalized and
exposed onto the cell surface [6]. Since the redistribution of PtdS takes place in the execution
phase of apoptosis and downstream of caspase activation, cells with externalized PtdS, which
have already committed to the programmed cell death, are regarded as non-salvageable. In
necrotic cells, the APLDs become accessible to the extracellular milieu as a passive
consequence of compromised plasma membrane integrity. In essence, the exposure of APLDs
embodies a common molecular marker for both apoptosis and necrosis. Being the major
phospholipid components of the plasma membrane, once accessible, the APLDs provide
abundant binding targets for detection.

APLD-binding proteins hold promise as molecular probes for the imaging of cell death, owing
to their high affinity and specificity interactions with APLDs in membranes. To this end,
derivatives of Annexin V in the detection of apoptosis in a wide range of model systems have
been described [7–13]. The potential utilities of another protein, the C2A domain of
Synaptotagmin I, have also been demonstrated [14–17]. Although both bind APLDs in a
calcium-dependent fashion, Annexin V and C2A are rather structurally distinct proteins. In
terms of binding activities, Annexin V binds PtdS almost exclusively, while C2A is more
accommodative and interacts with PtdS and PtdIs with relatively high affinity.

C2A assay offers the possibility of detecting apoptosis and necrosis in vitro and in vivo. A
fusion protein of C2A and glutathione-s-transferase (C2A-GST) can be radiolabeled
with 99mTc and result in 99mTc-C2A-GST for in vivo scintigraphic imaging [16].
Potentially, 99mTc-C2A-GST imaging with SPECT will be one of the most sensitive methods
for noninvasive detection of cardiac cell death. Using planar imaging, quantitative gamma
counting, and autoradiography analysis, it has been demonstrated recently that 99mTc-C2A-
GST accumulates avidly in the ischemic area-at-risk and binds predominantly to the infarcted
myocardium [16,18]. When 99mTc-C2A-GST was injected 2 hours after reperfusion, it was
retained in the infarcted tissues with little washout (less than 10%) for at least 24 hours [18].
However, this temporal uptake profile of 99mTc-C2A-GST in the infarcted myocardium was
obtained by intravenously injecting 99mTc-C2A-GST at different time points after infarction
(30-minute ischemia) and counting the tissue radioactivity using a gamma counter. The in
vivo kinetic profile of 99mTc-C2A in myocardium with ischemia-reperfusion has not been
clarified by imaging individual animals dynamically.

In order to quantify radiopharmaceutical kinetics in vivo in small animals, a high-resolution
stationary SPECT system is essentially required. The Radiology Research Laboratory at the
University of Arizona has designed and built a stationary small-animal SPECT imager, called
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FastSPECT II, which consists of 16 modular cameras with a true-list-mode architecture
acquiring SPECT projections simultaneously. Consequently, this study was designed to
investigate the capability of the new stationary SPECT system for determining uptake and
clearance kinetics of cardiovascular radiopharmaceuticals. Using FastSPECT II, we wanted to
extend the existing finding and characterize the dynamic uptake profile of 99mTc-C2A-GST
in a rat heart model with ischemia-reperfusion injury.

2. Materials and Methods
2.1. Radiopharmaceutical preparation

The fusion protein of C2A and glutathione-s-transferase (C2A-GST) was overexpressed in E.
Coli, purified, and labeled with 99mTc, as previously described in detail [16]. Briefly, 200 μl
of C2A-GST (2 mg/ml) was dissolved in PBS and incubated with 2 μl 2-iminothiolane (2-IT)
(10 mg/ml in DMSO) at 37°C for 1 hour. Five hundred μl of 99mTcO4

− in 0.9% NaCl was
added to a stannous glucoheptonate mixture (80 μg SnCl2 versus 8 mg sodium glucoheptonate).
Four hundred μl of 99mTc-glucoheptonate was then mixed with 200 μl of thiolated C2A-GST.
The mixture was incubated at room temperature for 30 minutes, and the radiolabeled product
was purified using Sephadex G-25 (column PD-10) pre-equilibrated with PBS, pH 7.4. The
radiochemical purity (RCP) of 99mTc-C2A-GST was determined by instant thin-layer
chromatography (ITLC-SG; Gelman Sciences) using 2 solvent systems as the mobile phase:
saline and NH3.H2O/alcohol/H2O (1:2:5). After gel-filtration purification, 99mTc-C2A-GST
RCP was more than 98%. The stability of the labeled protein was greater than 96% in a 24-
hour period in saline.

2.2. Ischemic-reperfused rat heart model preparation
Seven Sprague-Dawley rats (male, 250–300 g) were initially anesthetized with sodium
pentobarbital (50 mg/kg) intraperitoneally. After intubation, respiration was maintained using
a volume-controlled Inspira Advanced Safety Ventilator (Harvard Apparatus, Holliston, MA)
with a mixture of oxygen and room air. The proximal left anterior descending coronary artery
(LAD) was occluded for 30 minutes using a 6.0 Prolene suture at about 1 mm below the left
atrial appendage. The onset of acute ischemia was confirmed by the pale appearance in the
area-at-risk region immediately upon occlusion, and changes in ECG profiles, including the
elevation of ST segment and a significant increase in the QRS complex amplitude and width.
After reperfusion, the chest wall was closed in sutured layers, and ventilation was maintained
until the rat could regain spontaneous respiration. The loose suture was left in place for ischemic
area-at-risk staining.

2.3. Dynamic high-resolution SPECT imaging
The small-animal SPECT system, FastSPECT II, was built in the Radiology Research
Laboratory at the University of Arizona. FastSPECT II employs 16 modular scintillation
cameras, each with a NaI(Tl) scintillation crystal and 3 × 3 arrays of 1.5-inch-diameter PMTs
[19]. Using a standard cylindrical aperture with 16 1-mm diameter pinholes in this study, the
spatial resolution of this novel SPECT imager on reconstructed subjects is about 1.0 mm, and
the system sensitivity is 10 cps/μCi. FastSPECT II provides dynamic imaging with a true-list-
mode architecture. This powerful stationary SPECT system can digest 48 gigabits of raw
information per second. FastSPECT II is capable of acquiring projection data without any
motion of the object or detection system to produce excellent dynamic tomographic images.

The rat was anesthetized with 1.0%-1.5% isoflurane and placed inside the aperture using a
translation stage. The animal was positioned so that the heart localized in the center of the field
of view. At 120 minutes of reperfusion, 99mTc-C2A-GST (111–148 MBq, 0.5 ml) was injected
intravenously via a pre-installed jugular vein catheter using a Harvard PHD2000 syringe pump
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(Harvard Apparatus, Holliston, MA), followed by a 0.1-ml saline flush. Immediately after
injection, dynamic cardiac images in list-mode acquisition were recorded over a 2-hour period
using FastSPECT II. A total of 16 projections were obtained, one from each camera, to generate
a data set for tomographic reconstruction.

2.4. Image processing
Tomographic reconstructions of FastSPECT II data were processed using 25 iterations of the
OS-EM algorithm with 4 subsets, 4 projections per subset. Using AMIDE 0.8.7 software, 3D
images were computed to provide images in a 41 × 41 × 41 voxel format. The oblique re-
orientation of transaxial data was performed by computerized procedures to generate
tomographic short-axis (transverse), coronal, and sagittal slices with one-voxel thickness (1.0
mm).

For each rat, a 3D region-of-interest (ROI) analysis was applied to generate myocardial time-
activity curves (TACs). ROIs around the “hot-spot” radioactive accumulations of 99mTc-C2A-
GST on the 120-minute images were created on all transverse slices from the base to the apex,
which could be viewed simultaneously on the coronal and sagittal slices. The 120-minute ROIs
were applied to all of the dynamic images from 1 to 120 minutes for determining averaged hot
spot TACs, which were corrected for ROI size (pixels), radioactive decay, and acquisition time.
The remote normal myocardial TACs were generated using similar ROI analysis. Care was
taken to draw an ROI on the normal zone and avoid the overlapping of the ROI into the blood
pool on the early time-point images. To do that, the tomographic 1-minute cardiac blood pool
images were co-registered with 120-minute images to ensure the ROI establishment off the
left ventricular cavity.

Based on the time-activity curves, the averaged fractional washout and retention at each time-
point image relative to the initial radioactivity on the 1-minute image and 10-minute image, as
well as the ratios of hot spot activities to remote normal myocardial activities, were calculated
subsequently.

2.5. Histological and autoradiograph analysis
To confirm the distribution of 99mTc-C2A-GST in cardiac tissues, each rat was sacrificed by
intraperitoneal injection of an overdose of sodium pentobarbital (200 mg/kg). After
thoracotomy, the heart was excised and rinsed with cold saline solution. Two ml of pre-warmed
TTC solution (2.5% in PBS, w/v, pH 7.4) were perfused in retrograde manner into the entire
myocardium via the aorta within one minute. The heart was incubated with TTC solution for
15 minutes at 37°C, and then was subsequently fixed in 10% PBS-buffered formalin overnight
at 2–8°C to terminate TTC reduction reaction and to preserve the tissue morphology. The fixed
heart was sliced into consecutive slices of 0.5 mm each. The TTC-stained tissue sections were
photographed using a digital photodocumentation camera.

The spatial distribution of radioactivity was examined using autoradiography. The tissue slices
were covered with 1 layer of plastic wrap and exposed to the FujiFilm phosphor imaging plates
for 5–15 minutes. A FujiFilm BAS5000 Bio-Imaging Analysis System (Stamford, CT) was
used to scan the plates for digital autoradiograph collection.

2.6. Data analysis
All quantitative results were expressed as mean ± S.E.M. Comparisons between two variables
were assessed performed with one-way analysis of variance. Probability values less than 0.05
were considered significant.

Liu et al. Page 4

Nucl Med Biol. Author manuscript; available in PMC 2008 August 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2.7. Ethics
The animal experiments were performed in accordance with the Principles of Laboratory
Animal Care from the National Institutes of Health (NIH Publication 85–23, revised 1985) and
were approved by the Institutional Animal Care and Use Committee (IACUC) at the University
of Arizona.

3. Results
3.1. FastSPECT II images of myocardium with ischemia-reperfusion

The in vivo uptake profile of 99mTc-C2A-GST in the infarcted hearts was depicted in dynamic
tomographic images. As shown in Figure 1, blood-pool signals were seen at the time of tracer
injection on the 1-minute image. Then, the wall of the left ventricle was partly visualized in
the stenosis zone, which exhibited a distinct focal radioactive accumulation (hot spot) in the
lateral and anterior walls of the left ventricle. By 10–30 minutes post-injection, the hot spot
has become apparent. The spatial distribution of focal radioactivity uptake remains persistent
over time, while becoming increasingly prominent over the 2-hour post-injection period,
presumably due to a receding blood-pool background and/or continuous uptake of 99mTc-C2A-
GST. The overall distribution of 99mTc-C2A-GST in the chest and upper abdomen at 120
minutes post-injection is shown in Figure 2. High radioactive uptake in the liver was observed
on the tomographic coronal and sagittal slices of FastSPECT II images with 99mTc-C2A-GST.
The most prominent radioactive uptake in the chest was found on the anterior wall, lateral wall,
and apex of the left ventricle, which corresponded to the ischemic area-at-risk of the LAD-
supplied area. In all of the animals with myocardial ischemia-reperfusion, FastSPECT II
tomographic images depicted well-defined hot spot uptake. The presence of radioactivity in
the lungs was low.

3.2. Quantitative analysis of 99mTc-C2A-GST imaging
Myocardial TACs were generated using computerized ROI analysis with background, decay,
and acquisition time correction. Tracer kinetics of 99mTc-C2A-GST is summarized in Figure
3. The difference observed at each point in time from 5 minutes to 120 minutes between the
LCA hot spot and normal zone was significant. The difference between the LCA hot spot and
lung started from 10 and 15 minutes. The time-dependent plots indicate that essentially no
washout took place in the ischemic-reperfused myocardium during the 2-hour acquisition
period. Instead, an increased uptake pattern of 99mTc-C2A-GST was observed in the infarcted
zone, where the radioactivity was markedly accelerated within the first 30-minute post-
injection, and then slowly increased until 120 minutes post-injection.

When the hot spot radioactivity at the 120-minute image was normalized to the initial peak
activity at 1 minute post-injection, the fractional retention (%) of 99mTc-C2A-GST from the
hot spot was significantly higher than that from the remote viable zone in all hearts (167.2 ±
12.8 vs. 46.6 ± 10.8, P < 0.01). The radioactivity at the 120-minute point was furthermore
normalized by the activity at 10 minutes to calculate the percentage of radioactive retention.
The fractional retention (% 10-minute peak) in the hot spot at the conclusion of imaging was
still higher than that in the normal zone in all hearts (150.3 ± 7.6 vs. 51.5 ± 7.6, P < 0.01).
Relative to the normal myocardium, in which 99mTc-C2A-GST radioactivity exhibited lower
than initial level, the ischemic area-at-risk (hot spot) at the end of imaging session showed
50.3% extra accumulation compared to the radioactive level at 10-minute post-injection.

Figure 4 shows that the ratios of the hot-spot/normal myocardium and the hot-spot/lung activity
increased with time following 99mTc-C2A-GST administration. At 2 hours after injection, the
average ratio of hot spot to remote viable myocardium was 4.52 ± 0.24 (max: 15.4 ± 2.0; min:
1.13 ± 0.06), and the infarct-to-lung ratio was 8.22 ± 0.63.
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3.3. Histological and autoradiograph analysis
Myocardial infarction in the ischemic-reperfused hearts was confirmed by postmortem
triphenyl tetrazolium chloride (TTC) staining. The infarct size (% left ventricle) quantified by
SigmaScan analysis was 25.3 ± 3.7. As shown in Figure 5, tracer uptake in tissue sections
consistently co-localized with TTC-deficient infarcted regions. Within the infarcted
myocardium, the distribution of radioactivity appears to be prominent and heterogeneous.
According to semi-quantitative autoradiography, at 2-hour post-injection, the level of
radioactivity in the infarcted myocardium was significantly higher than that in the remote
normal myocardium. The average ratio of infarct/normal myocardium was 10.7 ± 0.9 with a
range from 5.2 to 22.7.

4. Discussion
Myocardial cell death during ischemia-reperfusion can take place via apoptosis and necrosis.
The individual contributions of these two phenomena, and at what point they contribute to
tissue death, are unclear. It is believed that necrotic myocytes may also undergo early changes
of apoptosis [20] or share common molecular pathways [1,21–23]. Clinically, there is a need
for new methods to gain more understanding of the role of necrosis and apoptosis in the
ischemic-reperfused heart and assess therapeutic interventions aimed at decreasing myocytic
damage. A useful technique would be one that identifies not only the presence of damage, but
also its site and extent, to permit a stratified approach to therapy.

One of the merits in the current study is the exciting use of the newly designed small-animal
SPECT system, FastSPECT II. This dynamic SPECT imager has 16 cameras acquiring SPECT
projections simultaneously with a true-list-mode architecture [19]. The front-end “list-mode
event processors” can examine incoming digitized data streams for valid events and package
up the measurements associated with an event in a byte packet, i.e., a list-mode data entry.
PCI-bus back-end boards accumulate the data, which include the time of each event to the
nearest 30 nanosecond clock tick and append each valid event packet as it arrives from a front
end to the appropriate list. In addition, FastSPECT II has more flexibility in choosing
magnification, resolution, and field-of-view than the original FastSPECT design. As
demonstrated in the current study, FastSPECT II produces excellent static and dynamic images
with quantitative analysis capabilities to facilitate the characterization of the real-time uptake
profile of 99mTc-C2A-GST along with the evolving myocardial damage.

The dynamic images of 99mTc-C2A-GST acquired by FastSPECT II consistently reflected the
location and extent of irreversible myocardial damage in the ischemic-reperfused rat heart
model. The high affinity of 99mTc-C2A-GST to APLDs in the ischemically injured
myocardium made the infarction visualizable about 30 minutes after intravenous
administration. The focal uptake of radioactivity results in a prominent hot spot, which co-
registers with the infarcted myocardium. The radioactivity level remained persistent for an
extended period of time without washout. The infarct was well-defined for at least 120 minutes
following injection. The location of infarction and distribution of 99mTc-C2A-GST were
consequently confirmed by biochemical assay and autoradiograph analysis.

Quantitative analyses on dynamic FastSPECT II images with 99mTc-C2A-GST made it
possible to identify the progression of myocardial injury induced by ischemia-reperfusion. The
appearance of 99mTc-C2A-GST time-activity curves showed a rapid early clearance phase
followed by a slow second phase in the normal myocardium and lungs. The occurrence of
myocardial ischemia-reperfusion injury altered the kinetic profile of 99mTc-C2A-GST in the
necrotic myocardium and produced an increased uptake pattern of 99mTc-C2A-GST. The
kinetic uptake of 99mTc-C2A-GST was markedly accelerated within the first 30-minute post-
injection. Beginning at 15 minutes after injection, the radioactivity in the infarcted myocardium
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reached a statistically higher level than that initial 1 minute after injection. This observation
cannot be explained completely by the receded blood pool background. Most likely, the
continuously increasing uptake of 99mTc-C2A-GST was due to the ongoing myocytic apoptosis
in the reperfusion phase, which is a gradual and continuous process. Myocardial apoptosis is
primarily triggered or accelerated during reperfusion and acts as a crucial pathway in expansion
of injury. When reperfusion of the ischemic area begins, apoptotic cell death occurs during
both the early and late phases of reperfusion from hours to days [24,25]. Based on our
knowledge, the finding regarding the continuously increased uptake of 99mTc-C2A-GST in the
ischemic-reperfused myocardium is the first imaging demonstration of the in vivo ongoing
myocardial damage noninvasively and dynamically. Thus, dynamic 99mTc-C2A-GST SPECT
imaging with quantitative analysis may allow interrogation of the ischemic-reperfused
myocardium undergoing apoptosis pathway at different phases and thereby permit detection
and treatment of injuries before the onset of severe cardiac functional failure.

Several categories of molecular probes have been applied experimentally and clinically for
imaging detection of myocardial cell death [26]. Although a direct comparison
between 99mTc-C2A-GST and other probes is beyond the objective of this study, the difference
of 99mTc-C2A-GST and 99mTc-glucarate kinetic profiles obtained from dynamic SPECT
imaging in our laboratory using similar ischemic-reperfused rat heart models provides a good
example to demonstrate the important role of a stationary SPECT system in preclinical
investigation of cardiovascular radiopharmaceuticals. 99mTc-glucarate can mark acute necrotic
cells, but does not localize in acute myocardial apoptosis [27]. We previously characterized
in vivo radiopharmaceutical kinetics of 99mTc-glucarate and found that 99mTc-glucarate
exhibited biphasic washout from the LCA ischemic-reperfused area and normal myocardial
zone [28]. The early phase showed fast washout, and the late phase showed slow washout. The
kinetic analysis indicates that 99mTc-glucarate may not provide the information regarding the
ongoing myocytic injury during reperfusion, which is primarily accelerated in a time-
dependent manner through apoptosis. In contrast, 99mTc-C2A-GST exhibited biphasic
continuous uptake and experienced no washout up to the end of the 2-hour study. The
radioactive uptake reached a plateau within 30 minutes after radiotracer injection, followed by
a relatively slower increasing tendency. The quantitative analysis of radioactive hot spot
accumulation in the ischemic-reperfused myocardium reveals the characteristic difference
between 99mTc-C2A-GST and 99mTc-glucarate in specific detection of myocytic cell death.

The pathophysiological changes in the ischemic-reperfused myocardium induce not only
various forms of cell death, but also exacerbate vascular permeability and increase interstitial
space [29]. As a result, the radioactivity detected in the ischemic-reperfused myocardium in
the present study might be a combination of specific APLD binding and nonspecific leakage
of the tracer. Studies by Zhao and associates have shown that the passive distribution due to
elevated vascular permeability was diminished from continuous washout [16]. The accelerated
kinetic uptake of 99mTc-C2A-GST observed in the ischemic-reperfused myocardium thereby
reflects the prominent specific binding of the molecular probe. Thus, 99mTc-C2A-GST uptake
determined by dynamic SPECT imaging indicated that there were continuous myocytic injuries
in the rat heart model, whereas passive leakage alone was insufficient for such observation.

Using a γ-camera with parallel-hole collimator, 99mTc-C2A-GST in vivo planar imaging of
AMI in rats was described previously [16]. The images were obtained at a single time point.
Although a hot spot uptake was visible as early as 40 minutes after injection on the planar
images, the quantitative analysis of in vivo 99mTc-C2A-GST kinetics was hindered in the rat
heart models because of poor temporal and spatial resolution of the planar camera. In order to
determine washout rates and other kinetic parameters of radiolabeled agents using small-animal
models, the temporal resolution of a small-animal SPECT system needs to be high to extract
accurate estimates of these parameters. In our rat heart models of the present study, dynamic
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cardiac images were obtained in list-mode acquisition with FastSPECT II. The myocardial
radioactivities in the ischemic-reperfused zone and remote viable zone could be quantified
accurately, and the uptake kinetics of 99mTc-C2A-GST was determined effectively. The pattern
of kinetic profile in infarcted myocardium determined by FastSPECT II imaging was similar
to that obtained by sacrificing animals at different time points after intravenous injection
of 99mTc-C2A-GST and measuring tissue radioactivites using γ-counting [18].

5. Conclusion
FastSPECT II allows quantitative dynamic imaging and functional determination of radiotracer
kinetics in rat hearts. Using dynamic FastSPECT II imaging, an in vivo kinetic profile
of 99mTc-C2A-GST in the rat heart model with ischemia-reperfusion injury was characterized
successfully. The pattern of accelerated 99mTc-C2A-GST uptake in the ischemic area-at-risk
after reperfusion may be clinically useful in detecting and quantifying ongoing myocardial cell
loss induced by ischemia-reperfusion.
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Figure 1.
Representative dynamic tomographic images of 99mTc-C2A-GST using a series of the same
transaxial slice at each time point in a rat heart with ischemia-reperfusion (injected dose = 3.4
mCi). The rat was anesthetized with 1.2% isoflurane. The number in the upper right corner
represents the post-injection time. The integrated images were parsed and split into dynamic
1-minute images. The cardiac blood pool (dashed mark) is evident on the 1-minute image. A
good infarct definition with a regional hot spot in the left ventricular wall was achieved 10–30
minutes after radiotracer administration. The hot spot becomes increasingly prominent in size
and radioactivity from 10 to 120 minutes post-injection. The arrow on 120-minute indicates
the site of the infarct.
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Figure 2.
Representative FastSPECT II transversal (left), coronal (middle), and sagittal (right)
tomographic slices 2 hours post-injection of 99mTc-C2A-GST in a rat heart with myocardial
infarction (injected dose = 3.4 mCi, 5-minute acquisition). The rat was anesthetized with 1.2%
isoflurane. 99mTc-C2A-GST “hot spot” accumulations localized in the lateral wall, anterior
wall, and apex of the left ventricle. The radioactive distribution of the remote normal
myocardium and the lungs was low. The prominent liver uptake of 99mTc-C2A-GST was
observed on the coronal and sagittal slices.
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Figure 3.
99mTc-C2A-GST time-activity curves from infarcted myocardium, remote viable zone, and
lungs in the rat hearts with ischemia-reperfusion injury. The curves were corrected by decay
and acquisition time. * = P < 0.05 compared to remote viable zone, # = P < 0.05 compared to
lung.
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Figure 4.
Ratios of the infarct/normal myocardium and the infarct/lung activity increased with time
following 99mTc-C2A-GST administration in the ischemic-reperfused rat hearts.
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Figure 5.
Photographs of TTC staining (first and third row) and autoradiograph images (second and
fourth row) from a representative ischemic-reperfused rat heart. The location and size of
myocardial infarction (negative TTC staining) were consistent with the positive accumulation
of 99mTc-C2A-GST determined by autoradiograph imaging.
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