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Summary
Strategies to establish the functional benefit of cell therapy
in cardiac regeneration and the potential mechanism are
needed. Aims: Development of a semi-quantitative
method for non invasive assessment of cardiac viability and
function in a rat model of myocardial infarction (MI) based
on the use of microPET. Animals, methods: Ten rats were
subjected to myocardial imaging 2, 7, 14, 30, 60 and 90
days after left coronary artery ligation. Intravenous 18F-flu-
oro-2-deoxy-2-D-glucose (18F-FDG) was administered and
regional 18F activity concentrations per unit area were
measured in 17 regions of interest (ROIs) drawn on cardiac
polar maps. By comparing the differences in 18F uptake be-
tween baseline and each of the follow up time points, para-
metric polar maps of statistical significance (PPMSS) were
calculated. Left ventricular ejection fraction (LVEF) was
blindly assessed echocardiographically. All animals were
sacrificed for histopathological analysis after 90 days. Re-
sults: The diagnostic quality of 18F-FDG microPET images
was excellent. PPMSS demonstrated a statistically signifi-
cant decrease in 18F concentrations as early as 48 hours
after MI in 4 of the 17 ROIs (segments 7, 13, 16 and 17;
p <0.05) that persisted throughout the study. Semi-
quantitative analysis of 18F-FDG uptake correlated with
echocardiographic decrease in LVEF (p <0.001). Con-
clusion: The use of PPMSS based on 18F-FDG-microPET
provides valuable semi-quantitative information of heart
glucose metabolism allowing for non-invasive follow up
thus representing a useful strategy for assessment of novel
therapies in cardiac regeneration.
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Zusammenfassung
Strategien zur Ermittlung des funktionellen Nutzens einer
Zelltherapie zur kardialen Regeneration und der potenziel-
len Mechanismen werden benötigt. Ziele: Entwicklung ei-
nes semiquantitativen Verfahrens zur nicht invasiven Be-
stimmung der kardialen Vitalität und Funktion in einem
Rattenmodell für Myokardinfarkt (MI) basierend auf der
Untersuchung mittels microPET. Tiere, Methodik: Bei
zehn Ratten erfolgte 2, 7, 14, 30, 60 und 90 Tage nach ei-
ner Ligatur der Arteria coronaria sinistra eine myokardiale
Bildgebung. 18F-Fluor-2-deoxy-2-D-glukose (18F-FDG)
wurde intravenös verabreicht und die regionalen 18F-Aktivi-
tätskonzentrationen pro Gebiet in 17 ROIs (regions of inte-
rest), die auf Polar-Maps definiert wurden, gemessen. Mit-
tels eines Vergleichs der Differenzen der Aufnahme von 18F
zwischen dem Ausgangswert und jedem der Zeitpunkte der
Nachbeobachtung wurden parametrische Polar-Maps der
statistischen Signifikanz (parametric polar maps of statisti-
cal significance, PPMSS) berechnet. Die linksventrikuläre
Ejektionsfraktion (LVEF) wurde geblindet echokardiogra-
phisch untersucht. Alle Tiere wurden nach 90 Tagen zur his-
topathologischen Analyse getötet. Ergebnisse: Die diag-
nostische Qualität der 18F-FDG-microPET-Bilder war ausge-
zeichnet. In den PPMSS zeigte sich bereits 48 Stunden nach
dem MI eine statistisch signifikante Verringerung der
18F-Konzentrationen in vier der 17 ROIs (Segmente 7, 13,
16 und 17; p <0,05), die während der gesamten Studie
persistierte. Die semiquantitative Analyse der 18F-FDG-Auf-
nahme korrelierte mit der echokardiographischen Verringe-
rung der LVEF (p <0,001). Schlussfolgerung: Die Ver-
wendung von PPMSS auf Basis der 18F-FDG-microPET er-
gibt wertvolle semiquantitative Informationen des kardia-
len Glukosemetabolismus und ermöglicht die nicht invasive
Nachbeobachtung. Sie ist nützlich zur Beurteilung der
Wirksamkeit neuer Therapien zur kardialen Regeneration.

18F-FDG-Metabolismus im
Rattenmodell für chronischen
Infarkt:
Eine semiquantitative Analyse
mit 17 Sektoren

M yocardial infarction (MI) and its
consequence heart failure is the
leading cause of death in the de-

veloped countries. Translational cardiovas-
cular research increasingly relies on the use
of small animals like rats and mice (4, 13).
However, examination of rodent heart func-
tion in vivo remains challenging because of
its small size. The availability of properly
validated techniques that might permit re-
peated non-invasive measurement of heart
function in detail would be of enormous
value in cardiovascular research for the
evaluation of novel pharmaceutical, cellular
and gene therapy based therapies. The de-
velopment of high-resolution small animal-
dedicated PET scanners has opened new
perspectives on the use of PET imaging of
myocardial function in rodents. In the study
of rat heart, these so-called microPET de-
vices are most recently being used for car-
diac transgene expression studies (2, 6) al-
though there is also great interest in the de-
tailed analysis of rat myocardial innervation
and metabolism with microPET (3, 8).

This study was designed to non-invasively
assess, in a chronic rat model of MI whether
there was spontaneous recovery of myo-
cardial glucose metabolism during long-term
(up to three months) follow up using
18F-FDG-microPET for assessment of car-
diac function. We carried out detailed 17-sec-
tor semi-quantitative analysis of myocardial
18F-FDG uptake and analyzed the evolution
of the infarction by means of PPMSS. We
demonstrate that the use of 18F-FDG-micro-
PET provides valuable semi-quantitative in-
formation and allow non-invasive follow up
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of heart glucose metabolism, representing a
useful strategy for assessment of novel ther-
apies in cardiac regeneration.

Animals, material, methods
Model for myocardial infarction
Sprague-Dawley rats (Harlan Interfauna
IBERICAS.L)weighing200to250gwereused
in this study. Chronic myocardial infarction was
induced by ligation of the left anterior descend-
ing coronary artery as previously described (1).
All animal procedures were approved by the
University of Navarra Institutional Committee
on Care and Use of Laboratory Animals.

PET imaging, image reconstruction,
and semiquantitative evaluation
Animals had water and food ad libitum until the
begin of the PET study, as we have previously
found that suchconditionsalongwitha longup-
take time (120 min) of the radiopharmaceutical
yield the best microPET images of 18F-FDG
heart uptake. Rats were momentarily anaesthe-
tized with 2% isoflurane in 100% O2 gas for
18F-FDG injection (75 MBq in 100–200 µl) in a
tail vein. Two hours after tracer injection, ani-
mals were anesthetized with isoflurane, placed
prone on the PET scanner cradle and kept dur-
ing the overall study under continuous influx of
the anesthetic.

A static 60-minute sinogram was ac-
quired in a Mosaic (Philips) small animal
dedicated imaging tomograph as we have
previously described (10). No transmission
scan was performed. Ten animals were re-
peatedly imaged using similar conditions at
different time points: before the MI, and 2,
7, 14, 30, 60 and up to 90 days later.

Sinograms were reconstructed using the
3D-Ramla algorithm – a true 3D-reconstruc-
tion – with two iterations and a relaxation par-
ameter of 0.024, into a 128×128 matrix with a
1 mm voxel size (12). Scanner efficiency nor-
malization, dead time and decay corrections
were applied during reconstruction. Images
were reoriented for further processing and
polar maps obtained using the specific cardiac
imaging software package of the PET scanner.

The area of each of the sectors does not corre-
spond to anyanatomical area, but it canbe seen
as a simplified representation of volumes of
tissue located in different planes along the
heart axis. The bigger the volume considered
the bigger the area of the sector. Furthermore,
the areas are defined following the same areas
that are used to calculate the wall motion score
index regional contractility using echocardio-
graphy analysis.The standard and 17-segment
cardiac grid widely used in cardiology assess-
ment (Fig. 1) was superimposed on each of the
polar maps displays and 17 regions of interest
(ROIs) drawn accordingly (10). So in that
sense the division in 17 segments is validated
by their wide use in cardiology assessment.

Individual quantification of the 18F-FDG
uptake in each of them was calculated. The
total number of counts obtained for each of
the ROIs was divided by its corresponding
area to obtain counts per area unit. For each
PET study, the maximal value of the 17
ROIs was considered as 100% and the re-
maining data so transformed into percen-
tage values. All further calculations and
statistical analysis were performed on these
sets of re-scaled numerical data.

Relative values were used trying to make
the quantification procedure simpler, as they
are the same if derived from raw data (without
taking into account the calibration tables of
the PET scanner), from radioactivity concen-
tration or from SUV values. For the two latter
cases, a calibration of the PET scanner is
mandatory to convert raw data into Bq/cc.

By using ratios, results are not dependant
on the calibration factor of the equipment that
as it is well established are very different de-
pending on the size (diameter) of the phan-
tom used for such calibration. Hence, differ-
ences in the size of the animals used (that
could of course occur as the study lasted for
three months) would not affect the results.

Echocardiography, histopathology
Two-dimensional echocardiography,
M-mode recordings, and Doppler ultrasound
measurements were performed using a Sonos
4500 ultrasound system (Philips) with a 12
MHz linear array transducer as described (1).
Echocardiographic studies were performed
at baseline (before infarct), and 14, 30, 60 and
up to 90 days later. All the studies were done
by the same investigator. Measurements were
done in three cycles and the mean value was
obtained. The coefficient of variation (CV)
was 4.5% for LV end-diastolic volume and
CV 7.6% for LVEF.

Animals were sacrificed for histopath-
ological studies 90 days after infarction in a
CO2 chamber. Hearts were explanted and
fixed in 10% formaldehyde solution. Six 2
mm thick transversal sections were obtained
and were routinely processed and embedded
in paraffin. Paraffin-embedded blocks were
cut into 4 µm sections and stained with hae-
matoxilin and eosin, Gallego’s trichrome
method and Sirius red staining (7).

Statistics
Statistical analysis was performed with the
SPSS 13.0 for windows software package.
Comparisons were performed using the
paired and unpaired t test when appropriate,
once normality was demonstrated with the
Shapiro-Wilk and Kolmogorov-Smirnov
normality test. In case of non-normal dis-

Fig. 1 Polar map with 17 regions of interest for measur-
ing regional myocardial 18F activity concentrations:
segments 1, 7, 13: basal (1), mid (7), and apical (13) anter-
ior segments, the
segments 4, 10, 15: basal (4), mid (10), and apical (15) in-
ferior segments,
septum (5 segments): basal anteroseptal (2), basal infero-
septal (3), mid anteroseptal (8), mid inferoseptal (9), and
apical septal (14).
The lateral wall is divided into the basal anterolateral (6),
basal inferolateral (5), mid anterolateral (12), mid infero-
lateral (11), and apical lateral (16). The long-axis segment
is called apex (17).
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tribution, Wilcoxon test was used. Compari-
sons for repeated measurements were per-
formed with ANOVA or Friedman test. Lin-
eal regression analysis was performed using
Pearson correlation coefficients. Descriptive
analysis is presented as mean (SEM) for
quantitative variables or median (IQR) for
categorical variables. Differences were con-
sidered statistically significant when p <0.05.

Results
Image quality and semiquantitative
values

The two hour 18F-FDG uptake protocol ren-
dered images of excellent diagnostic
quality, with a high myocardial uptake of the
tracer and a very low background (Fig. 2).
Such good quality images were obtained in
all the studies, and no image was deemed as
non-evaluable. Furthermore, the liver up-
take was very low, thus avoiding possible
problems of artificially increasing the 18F
activity on the inferior wall of the heart.

The 18F-FDG uptake in the baseline state
of the different segments was not uniform
with slightly higher uptake observed in the
basal and mid anterior segments, basal ante-
roseptal, mid anteroseptal, mid inferoseptal
and apical septal segments. However, a simi-
lar uptake pattern was obtained for a specific
ROI in all animals studied, with very small
variability between animals (Tab. 1,Fig. 3).

18F-FDG uptake after infarction
A significant decrease in 18F-FDG uptake in
certain segments was patent in the micro-
PET-18F-FDG images as soon as 48 h after
the infarction, and persisted during the three
months of follow up (Fig. 3).

To determine whether any single segment
showed either a decreased or increased
18F-FDG uptake after the MI, we performed
segment by segment individual comparisons
at each time point with baseline 18F-FDG up-
take (Fig. 4). Moderate to severe decrease in
myocardial metabolism was observed in the
apex, apical anterior and apical lateral seg-

Fig. 2 MicroPET imaging of 18F-FDG heart uptake: Transverse (A), sagittal (B) and coronal (C) 2 mm-thick images ob-
tained in an animal at baseline before the MI. A very low background and an intense heart uptake permit a good delineation
of the organ. (D) Polar map of the myocardial 18F-FDG uptake obtained from a representative animal 2 days after the MI. The
17-segment grid has been superimposed to define the ROIs used for the analysis. (E) Cone-revolution 3D representation of
the polar map. (F) Three dimensional rendering of the left ventricle derived from the polar coronal images of the heart. Lack
of 18F-FDG uptake in the sectors affected by the infarct produces a hole-like image in the corresponding region (arrow) as com-
pared with the non-infarct heart.

Tab. 1 Myocardial 18F-FDG uptake for each ROI (sector).
Uptake is homogeneous in all the sectors before the infarc-
tion. Mean (%) and variation coefficients (VC) of 18F-FDG
uptake at baseline is shown for each of the seventeen sec-
tors.

sector # mean (%)

01 92.5

02 93.9

03 85.8

14 91.5

15 80.4

16 79.7

17 82.4

VC (%)

5.2

6.0

6.8

5.5

8.5

8.4

7.7

04 76.7 6.5

10 84.4 6.0

11 85.8 1. 0

12 87.2 6.2

13 88.5 5.3

05 81.4 7.1

06 83.0 4.9

07 95.9 4.8

08 98.8 2.0

09 92.3 3.6

ments. Such decreases initiated very early
after MI. Myocardial metabolism in apical in-
ferior and apical septal segments was also de-
creased but to a lesser extent. Interestingly,
the mid anterolateral segment initially shows
a pronounced reduction in 18F-FDG uptake
that was reversed two weeks after MI and re-
mained stable throughout the rest of the study.

Statistical significance
For proper statistical assessment of differ-
ences between segments along the study,
non-parametric Wilcoxon tests for paired
samples were performed to compare each of
the segments with the baseline state and to
facilitate the interpretation of the statistical
calculations, we generated PPMSS (Fig. 3).
Such parametric maps were made by color-
ing on the 17-sector grid those sectors in
which statistically significant differences
between the basal state and the correspond-
ing time were found. In Figure 3, we can see
the comparison of each of the segments in
the different PET studies along time with
the myocardial 18F-FDG uptake in each seg-

17
-se

cto
ri

ma
gin

go
fr

at
my

oc
ar

diu
m



Nuklearmedizin 4/2007

152

Peñuelas et al.

ment before the MI.These PPMSS provide a
topographical image of differences between
segments that can help understand the pro-
gression of the infarct and to determine
whether there is spontaneous recovery of
18F-FDG myocardial uptake after MI. Ac-
cording to the PPMSS, a statistically sig-
nificant (p <0.05) decrease in the apex, api-
cal anterior, apical lateral and mid anterior

segments (17, 13, 16 and 7, respectively)
was observed. Such diminution was already
observed two days after MI and increased
progressively during the three months fol-
low up. The mid anterolateral segment
(number 12) initially showed a statistically
significant (p<0.05) decrease at days 2 and
7 but then recovered by day 14 (Fig. 4,
Fig. 5).

Echocardiography, histopathology
The effect of MI in the left ventricular function
was analyzed by echocardiography. As ex-
pected, there was a marked reduction in LVEF
frombaseline (68.5±1.1) to14dayspost infarct
(38.3±4.1)witha furtherdecrease at 30, 60and
90 days (36.9 ± 3.0; 33.8 ± 2.5; 32.1 ± 2.93 re-
spectively) (p <0.05) (Tab. 2).The effect on car-
diac remodeling after MI was also quantified by
assessment of ventricular volumes and diam-
eters,demonstratingastatisticallysignificant in-
crease in LV end-systolic and diastolic volumes
and diameters (p <0.05) (Tab. 2). A correlation
between LVEF and the decrease in 18F-FDG (r
= 0.85; p <0.001, r = 0.95; p <0.01 for 17 and 4
segments respectively) was observed (Fig. 5).

Finally, todetermine theassociationbetween
histological and 18F-FDG uptake findings ana-
lyzed by microPET we visually compared the
size and location of the MI area in the postmor-
tem tissue and the corresponding polar map re-
gion (Fig. 6).The infarct area was clearly ident-
ified macroscopically showing a progressive
slimming of the left ventricle wall in the medi-
al andapical regions, corresponding to the func-
tional 18F-FDGuptakedefectaffecting theapex,
apical anterior, apical lateral and mid anterior
segments (17, 13, 16 and 7, respectively).

Discussion
Doppler measurement of rat heart function is
relatively easy, but does not allow for a detailed
sectorbysectoranalysisas theonewehavecar-
riedout using microPET anddividing the polar
map into17sectors.Although thepossibility to
non-invasively analyze in detail the radioactiv-
ity accumulation in the rat heart at high resol-
ution by microPET imaging has been pre-
viously validated (8), in this study we develop
a semiquantitative analysis that allows the
evaluation of cardiac metabolism and the as-
sessment and quantization of cardiac defects
associated with myocardial infarction. This
model based on the analysis of 17-segments or
ROIs facilitates the time dependent follow up
of cardiac function as well as the evaluation of
the effect of novel therapies. As it is not fore-
seeable to have large increases in myocardial
metabolic activity after such treatments, a
gross visual scale (5) would be of little value,

Fig. 3 Evolution of the
MI shown by 18F-FDG
myocardial uptake
(A, B) Polar maps and
three dimensional cone-
revolution reconstructions
of the microPET scans
made before the infarc-
tion and 2, 7, 14, 30, 60
and 90 days after it. All
images correspond to
studies performed to the
same animal. Color bar
represents percentage up-
take.
(C) Corresponding PPMSS
(parametric polar maps of
statistical Significance):
Shadowed sectors repre-
sent those in which statis-
tical significant differences
were found between the
corresponding time point
and the baseline (see
text).
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so to have the chance to correctly evaluate a
possible response, detailed quantitative or
semiquantitative analysis as the one described
should be necessary.

Thereasonnot touseattenuationcorrection
of themicroPETimage inourstudy is twofold:
from a practical point of view, transmission
scans with the available sources for microPET
imagingdevices implyasubstantial increaseof
the overall microPET protocol duration, as
they require a prolonged period of time. In ad-
dition, Kudo et al. (8) have demonstrated that
correction for photon attenuation has no sys-
tematic effect on activity concentrations in any
myocardial regions in the study of 18F activity
in rat heart. These authors have shown that ac-
tivity concentrations derived from corrected
and uncorrected images correlate linearly with
the true activity concentrations. Furthermore,
theuse ofuncorrected images didnot affect the
coefficients of variation of 18FDG activity con-
centration in the myocardium (8).

Tracer kinetic modeling used in conjunc-
tion with PET can ideally be used for non-
invasive quantization of physiological, bio-
logical and molecular processes and their al-
terations due to disease. However, tech-
niques that have been established and vali-
dated to serially measure blood activity con-
centrations in humans need to be carefully
revised for animal experiments, especially
for small animals such as rats. In rodents the
vascular access is quite problematic, the
heart rate very high and the blood volume
usually a limiting factor (9). Consequently,
the possibility to perform absolute quantiz-
ation of 18FDG myocardial uptake in small
laboratory animals, although feasible is
complex. Taking into account the long
protocol we have used (120 min uptake and
60 min imaging), for proper absolute quan-
tization of FDG myocardial uptake, a 3 h
period of anaesthesia would have been
required. In addition, an absolute quanti-
tative model using blood sampling is very
invasive for rodents and might probably not
even be feasible when a single animal has to
undergo many PET studies in a short time
interval, as is our case. Furthermore, re-
peatedly withdrawing a certain volume of
blood for radioactivity analysis in severely
infarct animals might probably alter the
natural evolution of the lesion and somehow
mask the results.

Fig. 4 Semiquantitative values of radioactivity accumulation: 18F-FDG normalized uptake calculated at baseline and 2, 7,
14, 30, 60 and 90 days after MI for each of the 17 segments. Each bar represents the mean ± SEM of 18F-FDG uptake of all
animals.

Fig. 5 Correlation between LVEF and 18F-FDG uptake: Semiquantitative values of radioactivity accumulation calculated as
the mean value of the FDG uptake of the 17 sectors together (A) (r = 0.85; p <0.001) or the median uptake of the infarcted
segments (B) at baseline and premortem (r = 0.95; p <0.01) were statistically correlated with LVEF.

Tab. 2 Echocardiographic parameters (mean ± SEM; *p <0.05 versus baseline)
LVEF: left ventricular ejection fraction; LVEDV: left ventricular end-diastolic volume; LVESV: left ventricular end-systolic vol-
ume; LVEDD: left ventricular end-diastolic diameter; LVESD: left ventricular end-systolic diameter

LVEF (%)

baseline 68.5 ± 1.1

15 days 38.3 ± 4.1*

30 days 36.9 ± 3*

LVEDV (ml)

0.47 ± 0.038

0.778 ± 0.122

1.043 ± 0.127*

LVESV (ml)

0.152 ± 0.015

0.493 ± 0.095*

0.695 ± 0.103*

LVEDD (mm)

0.576 ± 0.017

0.674 ± 0.046

0.755 ± 0.022*

LVESD (mm)

0.381 ± 0.015

0.563 ± 0.044*

0.646 ± 0.036*

60 days 33.8 ± 2.5* 0.999 ± 0.077* 0.681 ± 0.070* 0.758 ± 0.022* 0.651 ± 0.028*

90 days 32.1 ± 2.9* 1.151 ± 0.081* 0.814 ± 0.075* 0.797 ± 0.023* 0.691 ± 0.027*
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As expected for a model of MI, myocardial
18F-FDG uptake was significantly reduced in
the affected segments very early.As soon as 48
hours after the infarction the activity in seg-
ments 13, 16, 17 and 7 (apical anterior, apical
lateral, apex and mid anterior) was reduced
downtovaluesaround50%.Ontheotherhand,
the 18F-FDG uptake in segment 12 (mid ante-
rolateral) showed a statistical significant re-
duction in the PET images obtained at day 2
and at day 14 post-infarction, but the myo-
cardial 18F-FDG metabolism was recovered by
day 30 as compared to the basal state. We can-
not consider this phenomenon the result of a
spontaneous recovery after reperfusion of an
infarct area but probably related to myocardial
stunning. Decreased 18F-FDG uptake maybe
observed after myocardium stunning and may
increase once myocardial function has been re-
covered.This may be the case for the observed
recovery of 18FDG uptake in segment 12. Due
to the impossibility of measuring regional con-
tractility by echocardiography for each seg-
ment, we cannot establish whether segment 12
recovered normal function, and hence it might
have been classified as a „stunning” sector.

Importantly, the semiquantitative analysis
of 18F-FDGuptakeshowedastrongcorrelation
with LVEF measured by echocardiography
both when only those segments with decreased
viability were analyzed but also when the de-
crease in uptake was diluted by analyzing all
17-segments. Although LVEF is a measure of
global heart function the amount of non-viable
tissuecorrelateswith the functionalcapacityof
the heart and validates our approach as a
measurement of cardiac function.

Making a 17-sector analysis might seem too
coarse, but once the methodology has been es-
tablished, making either a 5, 11 or 17-sector

analysis does not make a significant difference.
On the other hand, if the experimental thera-
peutic intervention used for (partial) recovery of
infarction gives a small response, a 17-sector
analysis might permit seeing the result, while a
less detailed analysis may neglect finding small
but significant differences due to an averaged
value from affected and non-affected sectors.

It is important topointout that thecorrelation
between the infarct area determined histopath-
ologically and the segments with decreased
18F-FDG uptake was performed visually and do
not represent a formal statistical correlation be-
tween infarct size and 18F-FDG uptake.

Conclusion
We have demonstrated the possibility to analyze
and quantify in detail the radioactivity accumu-
lation and glucose metabolism in the rat heart by
microPET imaging and used this technique in a
small animal model of MI.This technique offers
thepossibilityofnot invasivelyfollowupofheart
glucose metabolism thus representing a useful
strategyforassessmentofdifferenttherapies(i.e.
gene therapy, stem cell based approaches) in car-
diac regeneration and screening for novel drugs
designed to reduce acute damaged to the myoc-
ardium after ischaemia.
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Fig. 6 Postmorten histopathological correlation with in vivo PPMSS: Representative picrosirius red–stained sections of
postmortem myocardial slices of infarct area from a rat sacrificed 90 days after MI corresponding to segments 7–12 (A), 13–16
(B), and 17 (C) from the polar map and the corresponding polar map showing decreased 18F-FDG uptake in apex, apical an-
terior, apical lateral and mid anterior segments (17, 13, 16 and 7) (D). Collagen stains red in the area corresponding to seg-
ment 7 and 12 (A), 13 and 16 (B) and 17 (C) while normal cardiac muscle stains yellow.
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