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Abstract
Objective Angiogenesis is an important process facilitating the healing process after myocardial infarction. 125I-RGD imag-
ing may be a promising candidate to image angiogenesis but may also detect inflammation.
Methods Left coronary artery was occluded for 30 min, followed by reperfusion in a rat model (n = 31). One, 3, 7 and 
14 days, 1 and 2 months later, Triple-tracer autoradiography was performed. 125I-RGD (1.5 MBq) and 201Tl (15 MBq) were 
injected at 80 and 10 min before sacrifice. Left coronary artery was reoccluded and 99mTc-MIBI (150–180 MBq) was injected 
1 min before sacrifice to verify the area at risk. Angiogenesis and macrophage infiltration were evaluated by immunohisto-
chemical analysis with anti-alpha-smooth muscle actin and anti-CD68, respectively.
Results 125I-RGD uptake ratio in the area at risk was weak at day 3 (1.23 ± 0.23 but increased markedly and peaked at day 
7 (2.27 ± 0.37) followed by a gradual reduction until 1 and 2 months later (1.93 ± 0.16 at 1 month, 1.58 ± 0.15 at 2 month). 
In the immunohistochemical analysis, copious staining of anti-CD68 cells was observed, with anti-SMA cells stained only 
minimally at day 3. The number of anti-CD68 cells was decreased significantly at day 7 but largely absent at 1 month. Anti-
SMA positive cells peaked at day 7 and reduced gradually until 1 month.
Conclusions Myocardial 125I-RGD uptake reflects angiogenesis rather than inflammation after myocardial infarction.
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Introduction

After myocardial infarction, the repair process of cardiac 
tissue starts. Cardiomyocyte death initiates the inflammatory 
process by triggering cytokine, chemokine, and adhesion 
molecule expression leading to recruitment of leukocytes 
including macrophages into the infarcted area, where they 

are responsible for removing cellular debris, thereby mini-
mizing the area of apoptosis. As the wound is cleared of 
debris, the reparative phase begins. Myofibroblasts accumu-
late in the infarcted area and deposit extracellular matrix and 
angiogenesis progresses. Then scar tissues are formed and 
replace the infarct area during the maturation phase [1, 2].

Angiogenesis is considered as one of the essential factors 
underlying the repair process after myocardial infarction [3]. 
After inflammatory infiltrates are replaced by granulation 
tissue, endothelial cells form microvessels that provide oxy-
gen and nutrients to the healing wound.

αvβ3 integrin is a receptor expressed on endothelial cells 
that regulates cell growth, survival, and migration [4] and 
has attracted attention as an important molecule in the inte-
grin family as a marker of angiogenesis [5]. A cyclic argi-
nine–glycine–aspartic acid (RGD) peptide is a peptide which 
is thought to be a high affinity selective αvβ3 integrin antago-
nist [6]. More recently it has been considered a potential 
marker of angiogenesis imaging by targeting αvβ3 integrin 
expressed by angiogenic endothelial cells [7]. RGD has the 
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favorable characteristic for in-vivo imaging of rapid blood 
clearance via the hepatobiliary and urinary systems [8].

Some researchers reported that RGD uptake reflect angio-
genesis in myocardial infarction induced by ischemia and 
reperfusion [9, 10]. However, other researchers reported that 
αvβ3 integrin expression can be used as a potential marker 
of inflammation because αvβ3 integrin is also expressed 
by macrophages [11]. In myocardial infarction, Eo et al. 
reported that not a little RGD uptake reflect macrophage 
infiltration with a rat model of myocardial infarction induced 
by permanent ligation of coronary artery [12].

From these previous studies, imaging with RGD has 
been potentially considered to have a property as a marker 
of inflammation imaging in addition to angiogenesis imag-
ing. It remains unclear whether RGD uptake mainly reflect 
angiogenesis or both angiogenesis and inflammation in acute 
myocardial infarction because these previous studies did 
not evaluate the simultaneous spatiotemporal relationship 
between radiolabeled RGD uptake, micro-vessel formation, 
and macrophage infiltration.

Therefore, the purpose of this study was to clarify 
whether 125I-RGD uptake reflects an inflammatory process 
or angiogenic processes or both after myocardial infarction 
and to define the potential role of 125I-RGD autoradiographic 
imaging after myocardial infarction. To this end, we exam-
ined the time course of 125I-RGD uptake in a rat model of 
severe myocardial ischemia and reperfusion and correlated 
it with perfusion tracer distribution and pathological find-
ings including inflammatory and angiogenic processes. We 
also attempted in-vivo SPECT/CT imaging with 123I-RGD 
and 99mTc-MIBI.

Materials and methods

RGD synthesis and preparation of  [125I]c[RGDy(3‑I)K] 
and  [123I]c[RGDy(3‑I)K] (125I‑RGD and 123I‑RGD)

Cyclic [Arg(Pmc)-Gly-Asp(OtBu)-D-Tyr(tBu)-Lys(Boc)] 
was synthesized manually by the standard Fmoc-based 
solid-phase methodology [13]. For deprotection, crude 
Cyclic [Arg(Pmc)-Gly-Asp(OtBu)-D-Tyr(tBu)-Lys(Boc)] 
was treated with a mixture of 95% TFA, 2.5% water, and 
2.5% triisopropylsilane for 24 h at room temperature. The 
fraction containing c(RGDyK) peptide was determined by 
mass spectrometry and collected using RP-HPLC. The sol-
vent was removed by lyophilization to provide c(RGDyK) 
(46.8%) as a white powder.

c(RGDyK) was labeled with 123I and 125I using the 
chloramine-T method [14]. Briefly, 125I-NaI solution 
(111 MBq/20 μL) or 123I-NaI solution (167 MBq/15 μL) 
was added to c(RGDyK) in 100 μL of 0.1 M PBS pH 7.4 

(1 mg/mL). pH was adjusted to approximately 7 in the case 
of 123I labeling.

Following mixing, 10  μL of chloramine-T aqueous 
solution (1 mg/mL) was added. After 5 min of standing at 
room temperature, the reaction mixture was quenched with 
10 μL of  Na2H2SO5 aqueous solution (10 mg/mL) and then 
purified by RP-HPLC. The radiochemical yields of  [125I]
c[RGDy(3-I)K] (125I-RGD) and  [123I]c[RGDy(3-I)K] (123I-
RGD) were 75.6% (SD 8.48) and 48.0%, respectively. The 
specific activity of 125I-RGD and 123I-RGD was estimated to 
be approximately 8.1 ×  1016 Bq/mol and 8.7 ×  1018 Bq/mol, 
respectively. The radiolabeling was performed with carrier-
free radionuclides and under non-carrier-added condition. 
Radioiodinated RGD peptide  [125I]c[RGDy(3-I)K] or  [123I]
c[RGDy(3-I)K] and the precursor c(RGDyK) were com-
pletely separated by the HPLC purification. After purifica-
tion using HPLC, the radiochemical purities were all > 95%.

Animal model of acute ischemia and reperfusion

All experimental procedures involving animals were con-
ducted in accordance with the institutional guidelines set by 
the Institute for Experimental Animals, Kanazawa Univer-
sity Advanced Science Research Center.

The materials and methods are based on our previous 
experiments [15, 16]. Briefly, 8 to 10-week-old male Wistar 
rats (n = 31) were anesthetized with an intraperitoneal 
administration of 40 mg of Secobarbital sodium per kilo-
gram and ventilated mechanically with room air. After left 
thoracotomy and exposure of the heart, a 7–0 polypropyl-
ene suture on a small curved needle was passed through 
the myocardium beneath the proximal portion of the left 
coronary artery (LCA), and both ends of the suture were 
passed through a small vinyl tube to make a snare. The 
suture material was pulled tight against the vinyl tube to 
occlude the LCA. Myocardial ischemia was confirmed by 
regional cyanosis of the myocardial surface and ST-segment 
elevation on the electrocardiogram. After a 30-min of LCA 
occlusion, reperfusion was achieved by release of the snare 
and confirmed by a myocardial blush over the area at risk. 
The snare was left loose on the surface of the heart until 
just before sacrifice, when it was retightened to identify the 
area at risk.

Groups of animals were studied at 1 (n = 6), 3 (n = 5), 
7 (n = 4), 14 days (n = 6), 1 month (n = 6) and 2 months 
(n = 4) after reperfusion. At the time of the study, 1.5 MBq 
of 125I-RGD was administered via the tail vein at 80 min 
before sacrifice. Then 15 MBq of 201Tl was injected 10 min 
before sacrifice to assess myocardial viability. One minute 
before sacrifice, 99mTc-MIBI (hexakis-2methoxyisobutyli-
sonitrile) (150–180 MBq) was injected via the tail vein just 
after the reocclusion of the proximal portion of the LCA for 
delineation of the area at risk. One minute later, the rat was 
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euthanized, and the heart was removed for analysis (Fig. 1). 
The excised heart was rinsed in saline, frozen in isopentane, 
cooled in dry ice, and embedded in methyl cellulose. Serial 
short-axis heart sections of 20-μm thickness were obtained 
by sectioning on a cryostat to create a series of rings for 
autoradiography.

Blocking study

The specificity of 125I-RGD uptake was proofed by the 
blocking study in rats (n = 4) with 30 min ischemia and 
7 days reperfusion. 18 mg/kg of non-radiolabeled c(RGDyK) 
peptide, a selective antagonist of αvβ3 integrin [9, 17, 18], 
was injected at 20 min before 125I-RGD (1.5 MBq) injection. 
Then the same procedure was performed as mentioned above 
for autoradiography.

Triple‑tracer autoradiography

Triple-tracer autoradiography of the left ventricular short-
axis slices was performed for the assessment of 125I-RGD 
uptake, 201Tl uptake, and the area at risk (ischemic area in 
the 99mTc-MIBI image). The first autoradiographic exposure 
on an imaging plate (BASMS; Fuji Film) was performed for 
15–20 min to visualize the area at risk expressed by 99mTc-
MIBI distribution at 1–2 h after sacrifice. Three days later 
(12 half-lives of 99mTc), the second exposure was performed 
for 4 h to image 201Tl distribution. One month later, the third 
exposure was performed for 1 week to visualize the 125I-
RGD uptake.

Data analysis

Tracer accumulations were evaluated in 3 myocardial slices 
spaced 1 mm apart from one another at the mid ventricular 
level. The distribution of the tracers was determined by anal-
ysis of the digitized autoradiography. The photostimulated 
luminescence in each pixel (50 · 50 μm) was determined 
using a bioimaging analyzer (BAS-5000; Fuji Film). For 
quantitative analysis, the uptake values of each region of 
interest (ROI) were expressed as the background-corrected 
photostimulated luminescence per unit area (0.25   mm2). 
A background ROI was set adjacent to the left ventricle. 

Ischemic and normally perfused areas were defined from 
the 99mTc-MIBI image, and these ROIs were applied to 
125I-RGD images to evaluate the uptake of 125I-RGD. The 
ischemic area was divided into salvaged and infarcted areas 
arbitrarily, based on 201Tl uptake (≥ 60% uptake and < 60% 
of normally perfused area, respectively) [19]. The 125I-RGD 
uptake ratio was calculated by dividing the uptake value in 
an ischemic area by the value of a normally perfused area. 
The 125I-RGD uptake ratios of salvaged and infarcted areas 
were also calculated. A significant 125I-RGD uptake area was 
also defined manually as a ROI. The ratio of the 125I-RGD 
uptake ROI area to the ischemic ROI area was defined as the 
percentage of the 125I-RGD uptake area.

Immunohistochemical staining

Short-axis frozen Sects.  (5  μm thick) adjacent to the 
slices for autoradiography were mounted on slides. They 
were washed with phosphate-buffered saline and immu-
nostained with mouse antirat CD68 macrophage antibody 
(clone ED1; MBA Biomedical) to determine macrophage 
infiltration and fluorescein isothiocyanate–conjugated 
anti-smooth-muscle α-actin (SMA) (clone 1A4; Sigma). A 
diaminobenzidine–H2O2 solution was used to demonstrate 
peroxidase-conjugated secondary antibody binding. The fol-
lowing secondary antibodies were used: fluorescein isothio-
cyanate–conjugated goat antimouse IgG (MBL) and Alexa 
Fluor 546 F (ab9)2 fragment of goat antirabbit IgG (H1L) 
(Molecular Probes). The samples were observed under a 
conventional fluorescent or light microscope (Olympus), and 
images were recorded with a cooled charge-coupled device 
camera. The immunofluorescent signals for each stain were 
converted into pseudocolor and superimposed using Photo-
shop (Adobe).

123I‑RGD SPECT/CT

123I-RGD SPECT/CT was performed in the rat models 
(n = 2) with 7 days after reperfusion (30 min ischemia and 
reperfusion model). All rats were imaged using a small ani-
mal SPECT system (versatile emission computed tomogra-
phy, VECTor) equipped with a general-purpose rat/mouse 
collimator (MIlabs, The Netherlands) [20].

Fig. 1  Experimental protocol
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90 MBq of 123I-RGD was administered via the tail vein at 
60 min before SPECT. The animals were scanned in 20 min 
for in-vivo 123I-RGD SPECT images under 1–2% isoflurane 
anesthesia. Then, 185 MBq of 99mTc-MIBI was adminis-
tered via the tail vein, and at 10 min later, the SPECT was 
performed again to reduce physiological uptake in the liver. 
The animals were scanned in 10 min for in-vivo 99mTc-MIBI 
SPECT images under 1–2% isoflurane anesthesia. CT acqui-
sition was performed after each SPECT acquisition.

SPECT data were acquired in list mode and photopeak 
windows (159 keV for 123I and 140 keV for 99mTc, 20% 
width) were set after acquisition. Triple energy window 
scatter correction was employed in both acquisitions (a 20% 
photopeak window centered at 159 keV for 123I and 140 keV 
for 99mTc, abutting the upper and lower scatter windows 
4.5% in width).

SPECT images were reconstructed using pixel-based 
ordered-subsets expectation maximization algorithm with 
32 subsets and 8 iterations without attenuation correction 
based on computed tomography [21, 22]. The voxel size 
was 0.8 × 0.8 × 0.8 mm. The obtained SPECT images were 
observed using an image-processing application (AMIDE 
Imaging software, version 1.0.1) [23]. 123I-RGD SPECT 
images and 99mTc-MIBI SPECT images were fused to com-
pare the accumulation areas.

Statistical analysis

All results were expressed as the mean ± SD. Statistical anal-
yses were performed using a Windows computer (Microsoft) 

with JMP software (15.0.0). Group comparisons were per-
formed using the Tukey–Kramer method to identify differ-
ences among groups. Comparisons of RGD uptake ratio 
between salvaged and infarcted areas at each reperfusion 
time were performed by paired t testing. A value of P less 
than 0.05 was considered statistically significant.

Results

Size of area with 125I‑RGD uptake against area at risk

The percentages of 125I-RGD uptake areas against area at 
risk in rats with 30 min ischemia and reperfusion were simi-
lar at 3, 7, and 14 days, 1 and 2 months after reperfusion 
(60.0% ± 4.5%, 53.7% ± 7.5%, 58.1% ± 6.8%, 57.0% ± 10.0%, 
and 49.2% ± 14.0%, respectively, P = not significant) (Fig. 2).

125I‑RGD uptake in autoradiography

In the visual analysis, 1 day after reperfusion, the uptake 
of 125I-RGD was mildly reduced in the area at risk. At day 
3, 125I-RGD uptake increased slightly and peaked at day 7. 
Then, the accumulation of 125I-RGD gradually decreased 
until 1  month (M1) and was significantly decreased at 
2 months later (M2) (Fig. 3).

In the quantitative analysis, 125I-RGD uptake ratio in the 
area at risk against normally perfused area at day 1 was 
0.71 ± 0.13, at day 3, was increased slightly (1.23 ± 0.23) 

Fig. 2  Time course of 125I-RGD 
uptake area against area at 
risk (% area). One day after 
reperfusion, no increased uptake 
of 125I-RGD was observed. 
Percentage areas of 125I-RGD 
uptake were similar from 3 days 
to 2 months after reperfusion
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and peaked at day 7 (2.27 ± 0.37) followed by a gradual 
reduction until M1 (2.04 ± 0.17 at day14, 1.93 ± 0.16 at 
M1) and was decreased at M2 (1.58 ± 0.15) (Fig. 4).

Both 125I-RGD uptake ratios in the infarcted and sal-
vaged areas against normally perfused area were less than 
1 at day 1 and lower in the infarcted area (0.58 ± 0.094 vs 
0.88 ± 0.15, p < 0.005). At day 3 both uptakes were simi-
larly slightly increased (1.40 ± 0.14 vs 1.18 ± 0.12, p = ns). 
After day 7, RGD uptake was more significantly increased 
especially in the infarcted area than salvaged area until M1 
(2.39 ± 0.64 vs 1.54 ± 0.20 at day7 (p < 0.05), 2.19 ± 0.12 
vs 1.61 ± 0.20 at day 14 (p < 0.001), 2.27 ± 0.20 vs 
1.59 ± 0.12 at M1 (p < 0.0001), respectively). At M2, 
whole RDG uptake was decreased but the uptake in the 
infarcted area (1.63 ± 0.18) was still higher than that in 
the salvaged area (1.25 ± 0.078) (p < 0.01).

Blocking study

125I-RGD uptake was significantly suppressed by non-radi-
olabeled c(RGDyK) peptide in rats 1 week after reperfusion 
(2.06 ± 0.46 vs 1.33 ± 0.19, P < 0.01) (Fig. 5).

Comparison of autoradiography 
and histopathologic findings

For the evaluation by immunohistochemical analysis of 
angiogenesis and macrophage infiltration, double staining 
of anti-CD68 and anti-SMA in the area corresponding to 
RGD uptake was performed (Fig. 6).

Macrophages are stained by anti-CD68 as green. Myofi-
broblasts are stained by anti-SMA as orange. At day 3, 
numerous macrophages can be seen, but only few myofi-
broblasts. At day 7, the number of myofibroblasts increased 

Fig. 3  Autoradiography of 
125I-RGD and 99mTc-MIBI. One 
day after reperfusion, 125I-RGD 
uptake decreased in the area at 
risk (99mTc-MIBI defect area). 
However, at day 3, 125I-RGD 
uptake increased slightly and 
peaked at day 7. The uptake 
largely persisted at day 14 and 
1 month later (M1), followed by 
a reduction at 2 month (M2)

Fig. 4  Time course of 125I-
RGD uptake ratios, calculated 
by dividing 125I-RGD count 
density in area at risk by that 
of nonischemic area. 125I-RGD 
uptake reduced at day 1, but 
slightly increased at day 3, and 
increased significantly and 
peaked at day 7, followed by a 
gradual decrease until 1 month 
later (M1) and decreased sig-
nificantly at 2 months (M2)
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dramatically, while that of macrophages decreased signifi-
cantly. At day 14, many myofibroblasts can still be seen, but 
the number of macrophages further declined. At M1, some 
myofibroblasts could be seen, but most macrophages had 
disappeared. Orange staining showed ring-like and tubular 
configurations, suggesting micro-vessel formation. These 
results demonstrated that the time course of 125I-RGD uptake 
is closely correlated with that of anti-SMA cell staining but 
not with macrophage infiltration.

123I‑RGD SPECT/CT

In vivo SPECT imaging of 123I-RGD were feasible and the 
image can be fused with 99mTc-MIBI SPECT image (Fig. 7). 

Uptake of 123I-RGD was observed in 99mTc-MIBI defect area 
in all rats.

Discussion

Imaging with RGD has been developed and designed to 
assess angiogenesis, because RGD has a high selective affin-
ity for αvβ3 integrin, which is expressed on activated neovas-
cular endothelial cells during angiogenesis. However, αvβ3 
integrin expression on macrophages has also been reported. 
Some subsequent studies documented the ability of RGD 
imaging for inflammatory imaging.

Fig. 5  Results of blocking 
studies in rats treated with non-
radiolabeled c(RGDyK) peptide 
in rats 7 days after reperfusion

Fig. 6  Double staining of anti-
CD68 (green) and anti-SMA 
(orange) in area correspond-
ing to RGD uptake. At day 3, 
numerous anti-CD68 cells can 
be seen (green stained cells), 
whereas anti-SMA cells are 
stained only slightly (orange 
stained cells). At day 7, the 
number of anti-SMA cells 
increased dramatically, while 
anti-CD68 cells decreased 
significantly. Anti-SMA cells 
decreased gradually but can be 
seen until 1 month, but anti-
CD68 cells mostly disappeared. 
Anti-SMA staining showed 
ring-like and tubular configura-
tions, suggesting micro-vessel 
formation
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We confirmed that spatiotemporal 125I-RGD uptake 
approximately corresponded to the staining of anti-SMA 
but not CD68 staining throughout the post infarct process. 
Accordingly, the accumulation of 125I-RGD in the area at 
risk correlated closely to the presence of myofibroblasts and 
micro-vessel formation, but not to macrophage infiltration 
until 2 months after infarction. In addition, the uptakes were 
always higher in infarcted areas than in salvaged ones from 
7 days to 2 months after reperfusion. To our knowledge, 
this is the first study to focus on the relationship between 
RGD uptake and inflammatory processes after myocardial 
infarction. Furthermore, 125I-, 123I-RGD has never been used 
to evaluate αvβ3 integrin expression after myocardial infarc-
tion. 125I-RGD autoradiographic imaging could be used as a 
potential marker for the process of angiogenesis early after 
myocardial infarction. We also confirmed the feasibility of 
in-vivo SPECT imaging of 123I-RGD.

It was reported that, with a rat model of myocardial 
infarction induced by permanent ligation of coronary 
artery, not a little RGD uptake reflect macrophage infiltra-
tion. Eo et al. reported that 68 Ga-NOTA-RGD accumulated 
in infarcted areas, with its accumulation corresponding 
both to the amount of macrophage infiltration and expres-
sion of vascular endothelial growth factor.12 Uptake of 
68 Ga-NOTA-RGD was observed in infarcted areas and 
peaked at day 1 and gradual decrease until day 14. VEGF 
(vascular endothelial growth factor) and CD68 staining 
was observed in area corresponding to 68 Ga-NOTA-RGD 
uptake at 19–28 days after infarction. However, there was a 
big discrepancy in the results with us in the time course of 
RGD uptake. Although, it is difficult to discuss the details 
because, in their study, the immunohistochemical analysis 
was performed only once at late stage of the time course (at 
19–28 days after infarction) and hence the time course of the 
histopathological change was not evaluated, there seems to 

be two potential possibilities to explain the difference com-
pared to our results. The one is that the biological charac-
teristics of 68 Ga-NOTA-RGD might be slightly different by 
the introduction of a metal complex, though, its affinity for 
αvβ3 integrin was not expected to change so significantly in 
that the molecular structure is similar in RGD portion of 
125I-RGD [24, 25]. The other one is that the difference of 
the methods of producing infarction, i.e., permanent coro-
nary artery occlusion or transient occlusion and reperfusion. 
In permanent coronary occlusion, macrophage infiltration 
might be delayed and more prolonged. In permanent coro-
nary occlusion model, there is little cell infiltration including 
macrophage in the center of the infarcted area because of 
poor perfusion [26]. Whereas reperfusion accelerates blood 
flow inside of the infarcted area, and also accelerates influx 
of macrophages in the reperfused infarcted area [26]. The 
strength of our experiment over previous one is that the spa-
tiotemporal relationship between 125I-RGD uptake, micro-
vessel formation, and macrophage infiltration was simultane-
ously investigated. And we found that only weak 125I-RGD 
uptake was observed at day 3, at that time, huge amount of 
CD68 stained macrophages and minimal staining of myofi-
broblast were observed (Fig. 6), which indicates 125I-RGD 
uptake dose not mainly reflect macrophage infiltration. On 
the other hand, 125I-RGD uptake increased and peaked at 
day 7 with the dramatically increased number of anti-SMA 
positive cells and micro-vessel formation, while anti-CD68 
positive cells decreased significantly, which indicates that 
125I-RGD uptake mainly reflects angiogenesis.

Meanwhile, two studies using similar model with us, i.e., 
infarction was induced by ischemia and reperfusion. Higu-
chi et al. evaluated the 18F-Galacto-RGD uptake in myo-
cardial infarction and noted the time course of the uptake 
in the areas at risk to correlate closely to the vascular den-
sity as measured by anti-CD31 staining (marker of vascular 

Fig. 7  SPECT/CT of 123I-RGD 
and 99mTc-MIBI 7 days after 
reperfusion. 123I-RGD accu-
mulated in the defect area of 
99mTc-MIBI
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endothelial cells) [9]. Gao et al. also evaluated the expres-
sion of αvβ3 integrin after myocardial infarction by 18F-AlF-
NOTA-PRGD2 and compared with CD31 and CD61 stain-
ing (marker of β3 integrin) [10]. The both accumulation of 
the tracer followed a similar time course to that of 125I-RGD, 
and was consistent with angiogenesis in the infarcted myo-
cardial area. It is considered that the animal model used in 
these two studies were almost identical to our animal model 
in that αvβ3 integrin expression was evaluated in ischemia 
and reperfusion model, though the reperfusion time varies 
but remained limited to rather narrow time window from 25 
to 45 min, and the occluded coronary artery was LCA or 
LAD, those covered similar area of the left ventricle. These 
two studies had not evaluated the macrophage infiltration, 
however, the findings of the time course of RGD uptake 
corresponded closely to the results of our study and support 
the conclusion that 125I-RGD is not inferior to previously 
reported 18F-labeled RGD tracers in terms of imaging ability 
for the assessment of angiogenesis.

To limit infarct size and prevent post-ischemic remod-
eling, modifications of the angiogenic response to ischemia 
by means of cytokines and cell-based therapy are now being 
explored as potential treatment strategies [27].

To monitor the response after the treatment of myocar-
dial infarction, current clinical cardiac imaging modalities 
including myocardial perfusion and functional recovery are 
insufficient [2], and it would be beneficial to devise novel 
approaches to monitor the repair process including angio-
genesis. 123I-RGD SPECT imaging has advantage in avail-
ability over PET imaging, because conventional single pho-
ton nuclear medicine imaging has been in more widespread 
use than PET imaging.

This study had some limitations. It should be emphasized 
that this result was obtained with 30 min ischemia and reper-
fusion model, and it may not be able to adapt to different ani-
mal model, i.e., permanent or much longer ischemia (hours 
of ischemia) model because the degree of angiogenesis and 
macrophage infiltration should be different. In addition, 
we did not conduct histologic autoradiography to confirm 
which cells in the infarcted area accumulated 125I-RGD. 
However, the time course of 125I-RGD uptake corresponded 
to the presence of myofibroblasts and vessel-like formation 
throughout the post-infarct process in our pathologic and 
immunohistological studies.

Conclusions

Myocardial 125I-RGD uptake in rats with 30 min myocar-
dial ischemia and reperfusion mostly reflects angiogenesis, 
not an inflammatory process demonstrated by macrophage 
infiltration. In vivo 123I-RGD SPECT imaging was also fea-
sible, and in future, 123I-RGD SPECT may have potential as 

a marker for the process of angiogenesis during the healing 
process after myocardial infarction.
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