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Phosphoinositide turnover mediates the signaling of angiotensin
Il, which plays a pivotal role in ventricular remodeling after
myocardial infarction (MI). We tested the hypothesis that phospho-
inositide turnover can be visualized by 1-[1-1C]butyryl-2-palmitoyl-
rac-glycerol (:C-DAG) in both infarcted and noninfarcted myocar-
dium after Ml in rats. Methods: Rats received an injection of
1C-DAG 7 d after left coronary artery ligation, and myocardial
lipids were extracted from both infarcted and noninfarcted areas
of myocardium (n = 3). Metabolites of 1C-DAG were determined
by thin-layer chromatography. Quantitative autoradiography of
hearts was performed to visualize myocardial phosphoinositide
turnover in rats that received an injection of ®'C-DAG 1d (n = 3)
and 7 d (n = 5) after Ml and 7 d after a sham operation (n = 3).
Quantitative autoradiography with 2°1TICI| was also performed to
evaluate myocardial blood flow in rats 7 d after Ml (n = 3). Cells
occupying the infarcted myocardium were identified by immuno-
histochemistry. Results: The radioactivity incorporated into the
intermediates of phosphoinositide turnover was predominant in
both the infarcted (67.1% = 5.2% of the total activity) and the
noninfarcted (57.4% = 3.2%) myocardium. 1C-DAG radioactivity
in the infarcted region normalized to that in the noninfarcted
region was 1.09 = 0.04 in rats 7 d after MIl, which was
significantly higher than that in rats 1 d after MI (0.38 £ 0.03, P <
0.001). 2017 radioactivity in the infarcted region normalized to
that in the noninfarcted region was only 0.19 *+ 0.01 7 d after MI.
11C-DAG radioactivity in the noninfarcted region normalized to
that in the right ventricular free wall tended to be increased in rats
1 and 7 d after Ml compared with the sham-operated rats; the
differences, however, were not statistically significant (1.30 =
0.15, 1.20 = 0.07, and 1.13 = 0.02, respectively). Immunohisto-
chemistry revealed that abundant fibroblasts, myofibroblasts,
and macrophages occupied the infarcted myocardium 7 d after
MI, but the cellularity was low during the first day after MI.
Conclusion: These data suggest that *C-DAG may be useful for
visualizing regions with activated phosphoinositide turnover after
MI. Because wound healing and fibrogenic processes are impor-
tant factors of ventricular remodeling, 1C-DAG and PET may
offer new information benefiting patient management after Ml.
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L eft ventricular remodeling, expansion of the infarct
zone, and changes in the noninfarcted myocardium greatly
affect ventricular function and prognosis in patients who
survive after myocardial infarction (MI)1j. Angiotensin-
converting enzyme inhibitors have been shown to improve
the depressed left ventricular function or prognosis after Ml
(2-4). These findings suggest that angiotensin Il, the recep-
tors for which are expressed predominantly in the infarcted
area with active fibrogenesis rather than in the noninfarcted
area b-7), plays a pivotal role in the process of left
ventricular remodeling after Ml.

Phosphoinositide turnover and its two second messengers,
inositol 1,4,5-trisphosphate and 1,2-diacylglyce®)| have
been shown to mediate angiotensin Il signaling in many
kinds of cells, including both cardiac myocytes and fibro-
blasts 9,10. An estimation of the myocardial phosphoinosi-
tide turnover activity, which may be closely linked to the
process of ventricular remodeling after MI, should therefore
be helpful. In previous studie41-14, we showed regional
alterations of phosphoinositide turnover in the neurotransmis-
sion process using PET and 14G]butyryl-2-palmitoyl-rac-
glycerol (!C-DAG), a 'C-labeled diacylglycerol. In this
study, we investigated whether the phosphoinositide turn-
over activity in both infarcted and noninfarcted regions can
be visualized witH'C-DAG in rats after MI.

MATERIALS AND METHODS

Animals and Radiopharmaceutical

The experiments were performed according to the guidelines for
the care and use of laboratory animals of our institutions. The left
coronary artery of 8-wk-old male Wistar rats (Funabashi Farms,
Shizuoka, Japan) was ligated. The rats were anesthetized with
sodium pentobarbital (50 mg/kg intraperitoneally), intubated, and
ventilated through an endotracheal tube attached to a respirator.
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Through a left-sided thoracotomy, the left coronary artery waseptum (1.0 mrhin area) and the right ventricular free wall (0.2
ligated with a 6-0 silk suture. In sham-operated rats, the chest amd? in area). To estimate the myocardial blood flow distribution in
the pericardium were opened, but the coronary artery was mats 7 d after MI, we performed quantitative autoradiography with
ligated. 'C-DAG (specific activity, 186 GBg/umol) was synthe-?°ITICI. Ten minutes after the injection of 17.5 MB&TICI (n =
sized by the ketene method as previously reporid)l §nd was 3), the hearts were removed and processed as described in the
dissolved in saline with 25% human serum albumin for intravenosevious section. The sections (20 um) were exposed to imaging
injection. 2°1TICI for autoradiography was purchased from Nihorplates for 1.5 h. The autoradiographic intensity was measured by
Mediphysics (Osaka, Japan). the BAS3000 system.
"'C-DAG Metabolites . _ Immunohistochemistry

To confirm the validity of!C-DAG as a probe specific t0 | 1mnohistochemical analysis was performed on 4 hearts 7 d
myocardial phosphoinositide turnover, we injected 0.74-2.22 G%‘ﬂter MI. For the staining of vimentin ang-smooth muscle actin,
. - ; =
'C-DAG into the rats through the tail vei7 d after MI (n= 3). 0 hearts were fixed with neutral buffered 10% formalin after
_Thlrty mlnutes after the injection, the rats were kll_led by ethetgjation and embedded in paraffin. Sections (2.5 pm) were
inhalation and the hearts were removed. Both infarcted agghhated overnight with murine monoclonal antivimentin or
noninfarcted myocardium was dissected from visually identifiegl\+i_._smooth muscle actin antibodies (DAKO, Golstrup, Den-

scar tissue and nonscar tissue, respectively. Myocardial lipids wege ) at 4 dilution of 1:100 in phosphate-buffered saline solution
extracted by a previously reported3] modification of Folch’s containing 1% bovine serum albumin. After being washed in

method. Briefly, samples of the infarcted and noninfarcted myocajjosphate-buffered saline solution for 15 min, the sections were
dium were homogfenlzed sepa'rately by grinding with 0.5 mi,c hated with biotinylated horse antimouse IgG (Vector Laborato-
solvent (chloroform:methanol, 3:2, volume in volume) and centrj;og Inc., Burlingame, CA) for 30 min and finally with streptavidin—

fuged at 3000 rpm at 10°C for 3 min. The supernatant containing, qiqase complex (DAKO) for 30 min. The color was developed
lipids was spotted on thin-layer chromatography plates (Silica Ggliiy giaminobenzidine.

60; Whatman International, Maidstone, UK) that had been acti- £ the staining of ED-1, smooth muscle myosin heavy chain

vated fo 1 h at 1OQ°C before use. T_he.solvent s.yst.er-n Wa3nd von Willebrand factor, the hearts were frozen with liquid
chloroform:methanol:ammonium hydroxide:water, 20:15:3:2, VOkjtrogen after isolation. Cryostat sections (4 um) were fixed with
ume in volume. . _ periodate—lysine—paraformaldehyde for 30 min. They were then
The developed thin-layer chromatography plates were put infg.pated with murine monoclonal antirat mononuclear phagocyte
contact with general-use imaging plates (Fuji Photo Film, Toky@anti £p-1) antibody (Pharmigen, San Diego, CA) at a dilution of
Japan) and exposedrfd h (15). The positions of the various 1.g50 murine monoclonal antirat smooth muscle myosin heavy
pho;phollpld rad|o§0t|V|t|es were visualized apd quantlf!ed USINGain (Santa Cruz Biotechnology, Santa Cruz, CA) at a dilution of
an image-processing system (BAS2000; Fuji Photo Film). They0g or rabbit antihuman von Willebrand factor (DAKO) at a

thin-layer chromatography plates were also exposed to iodigtion of 1:1500. The sections were processed further for
vapors to reveal the authentic compounds, which consisted ;

; X ’ . |ﬁ‘fmunostaining as described previously:
1,2-diacylglycerol, phosphatidylcholine, phosphatidylethanol-

amine, phosphatidic acid, phosphatidylinositol, phosphatidylinosiz asistical Analysis
tol-4-monophosphate, phosphatidylinositol-4,5-bisphosphate, an
butyryl coenzyme A (CoA). We calculated the percentage of t
fraction of each!'C-labeled metabolite as follows: autoradio
graphic intensity of each fraction/sum of intensities of all fractigns

100 (%).

tatistical analysis was performed using ANOVA for compari-
l%%n among 3 groups or an unpaired Studemest for comparison
between 2 groups. Values are presented as me@EM.P < 0.05
was considered significant.

Quantitative Autoradiography RESULTS
In vivo quantitative autoradiography was performed as d

ic. i
scribed previously5,16. We injected 185 MB4@'C-DAG into the € PAG Metakl;)olltes . hin-| h
rats through the tail vein 1 (& 3) and 7 (n= 5) d after Ml and 7 d Figure 1 shows a representative thin-layer chromatogra-

after the sham operation ¢ 3). Thirty minutes after the injection, Phy profile of “C-DAG metabolites obtained from the
the rats were killed by ether inhalation. The hearts were théafarcted and noninfarcted myocardium in a rat 7 days after
removed and frozen with powdered dry ice. Forty-micrometdYll. Figure 2 summarizes the incorporationt8® radioactiv-
sections taken perpendicular to the long axis of the left ventricle iy into various metabolites fC-DAG. Phosphatidic acid,

the midventricular level were prepared using a cryomicrotome phosphatidylinositol, phosphatidylinositol-4-monophos-
—20°C. The sections were mounted on cover slides, dried on a fi{ate, and phosphatidylinositol-4,5-bisphosphate, which are
plate, and exposed to imaging plates for 1 h. These sections Wgig intermediates of phosphoinositide turnover, were the
also stained with hematoxylin—eosin after the exposure to identj edominant metabolites. The percentage of the sum of the
both infarcted and noninfarcted regions of myocardium. A secti termediates of phosphoinositide turnover was 67.1%

containing the largest infarcted region was selected from e or - . o
heart, and the autoradiographic intensity was measured byaéf % in the infarcted myocardium and 57.483.2% in the

e’ . ) .
BAS2000 system. Consecutive circular regions of interest Wepé)nlnfarcted myocardium. In both the infarcted and nonin-

placed circumferentially on both infarcted (0.2 fin area) and farcted myocardium, phosphatidylcholine and phosphati-
noninfarcted (1.0 méin area) regions as well as on the rightdylethanolamine appeared as less than 5% of the total
ventricular free wall (0.2 mfin area). For the sham-operated ratsiadioactivity. The percentage of the butyryl CoA fraction,
circular regions of interest were placed on the interventriculavhich is a product of the degradation’®C-DAG by lipase,
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(0.38+ 0.03,P < 0.001) (Fig. 4). The result was the same
when we normalized the radioactivity in the infarcted region
to that in the right ventricular free wall (1.3% 0.09 versus
0.49+ 0.03,P < 0.001). The radioactivity in the infarcted
region normalized to that in the noninfarcted myocardium
was also higher fot'C-DAG than for?°'Tl in rats 7 days
after Ml (1.09+ 0.04 versus 0.1% 0.01,P < 0.001; Fig.
4). 'C-DAG radioactivity in the noninfarcted myocardium
- normalized to that in the right ventricular free wall tended to
be increased in rats 1 dn7 d after Ml compared with
sham-operated rats; the differences, however, were not
statistically significant (1.30+ 0.15, 1.20*+ 0.07, and
1.13=+ 0.02, respectively; Fig. 5).

Neutral lipids

PE
PC

Phosphatidylinositol

Ao
-
Phosphatidic acid &
PIP i Immunohistochemistry 7 Days After Mi
Histologic examination using sections stained with hema-
toxylin—eosin revealed abundant cells similar to fibroblasts
and macrophages surrounding the necrotic myocytes in the

Butyryl CoA infarcted regia 7 d after Ml (Fig. 6A). Immunohistochemi-
cal analysis showed that almost all cells surrounding the
necrotic myocytes were positively stained for vimentin and
that some of these cells were also labeled desmooth
muscle actin or for ED-1 but not for smooth muscle myosin

PI‘P2 heavy chain or von Willebrand factor (Fig. 6). The relatively
high background level in the staining for smooth muscle
myosin heavy chain was the same as for the negative control
(data not shown). These data suggest that the predominant
. cells in the infarcted regio7 d after Ml were myofibroblasts
Infamte_d Non'nfar(_;ted (a-smooth muscle actin—positive), macrophages (ED-1-
myocardium myocardium positive), and fibroblasts (vimentin-positive and both
a-smooth muscle actin—negative and ED-1-negative).

FIGURE 1. Thin-layer chromatography profiles of C-DAG
metabolites obtained from infarcted and noninfarcted myocar-
dium 7 d after MIl. PC = phosphatidylcholine; PE = phosphati-
dylethanolamine; PIP = phosphatidylinositol-4-monophosphate;
PIP, = phosphatidylinositol-4,5-bisphosphate. 80 -

I Infarcted myocardium
[ Noninfarcted myocardium
was 22.9%* 1.2% in the infarcted myocardium, and _
34.9%=+ 8.1% in the noninfarcted myocardium. 6o —
Quantitative Autoradiography

Figure 3A shows a representative autoradiograph of
heart obtained from a rat in whié¢HC-DAG was injected 7 d
after the sham operation. TR&EC-DAG distribution in the
left ventricle was homogeneous. Figure 3B shows arepres
tative autoradiograph obtained from a rat in whigB-DAG
was injectd 1 d after MI. The autoradiographic intensity
was low in the infarcted region. As shown in Figure 3C, the
autoradiographic intensity was extremely low in the in- o
farcted region in rats that received®dTICI injection 7 d & &
after MI. In contrast, as shown in Figure 3D, the autoradip- & Q\*} $ & &S
graphic intensity oft!C-DAG in the infarcted region was ® @ A
comparable with or even slightly higher than that in th
noninfarcted region in rat7 d after MI11C-DAG radioactiv- FIGURE 2. Incorporation of 'C radioactivity into various me-

tabolites of 1C-DAG in infarcted and noninfarcted myocardium 7

ity in the infarcted region normalized to that in the noning™ ¢ coronary ligation. PC = phosphatidylcholine: PE =

farcted region was 1.0& 0.04 in ras 7 d after MI. This phosphatidylethanolamine: Pl = phosphatidylinositol. Bars repre-
value was significantly higher than that ingdt d after Ml sent mean = SEM.

40 -

QD
Metabolite ratio (%)

11
7

20
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FIGURE 3. Representative autoradiographs of *C-DAG distri-
bution in rat heart 7 d after sham operation (A), *C-DAG
distribution in rat heart 1 d after coronary ligation (B), 20Tl
distributions in rat heart 7 d after coronary ligation (C), and
LC-DAG distributions in rat hearts 7 d after coronary ligation (D).
In each image, right ventricular free wall is at upper left,
interventricular septum is at middle, and left ventricular free wall
is at lower right.

DISCUSSION
The incorporation of'C radioactivity into the intermedi-

ates of phosphoinositide turnover was the predominant

metabolic fate of'C-DAG both in the infarcted and in the
noninfarcted myocardium in r&t7 d after MI. The in vivo
guantitative autoradiography witHC-DAG revealed that
the radioactivity in the infarcted region wasid. d after Ml

and increased remarkab¥ d after, even though the blood

flow distribution in this area was limited. These finding

suggest that phosphoinositide turnover is activated in t

healing and fibrogenic process after MI. These results ag
with those of a recent study by Ju et dl8) showing that the

The reason for the minimal differences HC-DAG
distribution among the noninfarcted regions Hahd after
MI and the myocardim 7 d after the sham operation is not
clear. In our preliminary study, heart weight significantly
increased by 13% in rat7 d after MI compared with
sham-operated rats. The hypertrophic response in nonin-
farcted myocardium, therefore, should be initiated at this
time after MI. This observation has several possible explana-
tions. First, as suggested by Ju et 4B)( the contribution of
phosphoinositide turnover to the process of left ventricular
remodeling may be less important in noninfarcted myocar-
dium than in infarcted myocardium. This notion may be
further supported by our recent repor2l) in which
SH-labeled phorbol 12,13-dibutyrate binding was signifi-
cantly greater in infarcted tissue than in noninfarcted
myocardium but was similar in noninfarcted myocardium
and in myocardium from sham-operated rats. These data
suggest that protein kinase C, which is in the downstream
pathway of phosphoinositide turnover, may be activated in
the infarcted tissue but not in the noninfarcted tissue.
Second, in our preliminary experiment, the average infarct
size of our experimental Ml model was 38% of the total left
ventricle, and no rats in this study had apparent signs of heart
failure. We may need more extensive MI to detect a
significant increase in th€C-DAG distribution in nonin-
farcted myocardium. Third, the percentage of the butyryl
CoA fraction, which is a product of the degradation of
11C-DAG by lipase, tended to be higher in the noninfarcted
myocardium than in the infarcted myocardium. Therefore,
the phosphoinositide turnover activity in the noninfarcted
myocardium may have been underestimated.
Our data may not agree with earlier reports showing that

Infarcted region/ noninfarcted region uptake ratio

p<0.001 p<0.001
) 1 1

5
ne
€€ 10

1.2

Ggo/phospholipase @, pathway, the upstream signaling
system for phosphoinositide turnover, is upregulated predomi-
nantly in scar tissue in rats 8 wk after MI. In our study,
histologic examination revealed that abundant fibroblasts,

myofibroblasts, and macrophages occupied the infarcted g 4

0.8

0.6

E b

myocardiun 7 d after MI. On the other hand, the cellularity

was extremely lov 1 d after MI. Earlier studies by others| 4o |

underscored the role of phosphoinositide turnover in the

activation of fibroblasts 1(0), myofibroblasts 19), and 0.0

macrophages2(), suggesting that these cells are respon- iday  7days 7days
["C-DAG] ['C-DAG] [*'T]]

sible for the acceleratetlC-DAG distribution in the in-
farcted region. We observed a few live cardiac myocytes In
: . : FIGURE 4.
the subendocardial layer of the infarcted region. Thegey -+ in noni
cardiac myocytes may partially explain the increast

DAG radioactivity in the infarcted region.

Ratio of radioactivity in infarcted region normalized
nfarcted region in rats injected with *C-DAG 1 and
7 d after coronary ligation and in rats injected with 291T| 7 d after
coronary ligation. Values are mean = SEM.
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Noninfarcted region/ RV free wall
uptake ratio of ""C-DAG
14 T
12 T _
1.0
0.8
0.6
04
0.2
0.0
1day 7day 7 day
Mmi Mi Sham
FIGURE 5. Ratio of *C-DAG uptake in noninfarcted region to

that in right ventricular (RV) free wall in rats 1 and 7 d after
coronary ligation (MI) and 7 d after sham operation (Sham).

Values are mean = SEM.

cardium than in infarcted myocardium. Our results, how-
ever, partially conflict with those of Ju et al. because Ju et al.
showed that G mMRNA and the phospholipase [§-protein

level were slightly but significantly increased in nonin-
farcted myocardium compared with those in sham-operated
rats, although the increase was apparently less prominent
than that in the scar tissue and thg, Grotein level was not
increased. Differences in the methods used for the estima-
tion of phosphoinositide turnover may explain the slight
differences in our results from those of Ju et al.

This study has several possible limitations. First, the
1C-DAG supplied to the infarcted myocardium is probably
low because the blood flow in the infarcted area is low.
1C-DAG radioactivity in the infarcted region, therefore,
should be interpreted carefully. We may have underesti-
mated the phosphoinositide turnover activity in the infarcted
region because of the limited blood supply. Second, because
we did not measure absolute counts in the myocardium and
plasma, we could not obtain tA&C-DAG uptake expressed
as a percentage of the injected dose, the uptake normalized
by flow, or data analyzed by a kinetic model. Third, in the
1C-DAG metabolite studyC-butyryl CoA, which is a
product of the degradation &fC-DAG by lipase and is not
an intermediate of phosphoinositide turnover, was the sec-
ond predominant metabolite 6fC-DAG. In our previous

phosphoinositide turnover plays a pivotal role in the hypestudy, we showed that'C-butyryl CoA appeared in the
trophic response in cultured neonatal rat cardiac myocytelasma 10 min after the injectiod), suggesting that a part

stimulated by mechanical stretcR2j, endothelin-1 23),
aj-adrenergic stimulation2@), and angiotensin 119). The

of butyryl CoA in the myocardium was derived from plasma
UC-butyryl CoA. It is also possible thatC-butyryl CoA

difference between our results and those of others may Wwas produced by lipase in cardiac myocytes and cells in the
caused by differences between adult and neonatal cardiafarcted myocardium afteC-DAG was taken into those
myocytes or differences between long-term in vivo ancklls 25). Finally, because the infarcted myocardium in rats
short-term in vitro experimental models. In contrast, ouf d after Ml was occupied by macrophages, myofibroblasts,
findings for the noninfarcted myocardium are consisteand fibroblasts, all 3 of these types of cells may have
with a recent report by Ju et all§) showing that upregula- contributed toC-DAG uptake in this area. Although
tion of the upstream signaling pathway for phosphoinositideacrophages play a pivotal role in scavenging necrotic
turnover is apparently less prominent in noninfarcted myoayocytes, and phosphoinositide turnover is suggested to

FIGURE 6. Hematoxylin—eosin staining
(A) and immunohistochemical labeling for
vimentin (B), a-smooth muscle actin (C),
ED-1 (D), smooth muscle myosin heavy
chain (E), and von Willebrand factor (F) in
infarcted area in rat 7 d after MIl. Necrotic
myocytes () are surrounded by spindle-
shaped cells similar to fibroblasts and mac-
rophages. Almost all these cells were stained
for vimentin. Some were also labeled for
a-smooth muscle actin or for ED-1 but not
for smooth muscle myosin heavy chain or
von Willebrand factor (except for vascular
endothelial cells [arrow]). Relatively high
background level in staining for smooth
muscle myosin heavy chain was same as in
negative control. Scale bar represents
50 pm.
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play an important role in the activation of macrophadgs®,( 6 De Carvalho Frimm C, Sun Y, Weber KT. Angiotensin Il receptor blockade and

. . . . i~ ~_ Mmyocardial fibrosis of the infarcted rat heart.ab Clin Med.1997;129:439-446.
we cannot determine the relative contribution of phosph0|no7_ Weber KT. Fibrosis, a common pathway to organ failure: angiotensin Il and tissue

sitide turnover by macrophages to the total phosphoinositide repair.semin Nephrol1997;17:467-491.
turnover activity. 8. Nishizuka Y. Studies and perspective of protein kinas8aznce1986;233:305—
Afurther study to analyze the uptake®$€-DAG by cells _ 32

. . i i 9. Sadoshima J, Izumo S. Signal transduction pathways of angiotensin Il induced
in more detail, such as by a kinetic model, as well as a study c-fos gene expression in cardiac myocytes in vitro: roles of phospholipid-derived

to identify which cells are responsible for the increased second messengeGirc Res1993;73:424-438.

1C-DAG uptake, is required. An investigation to determinéo' .Crabos M, Roth M, Hahn_AW,_Erne P. Charact«_enzatlor? of aﬁgmtensm Il receptors
in cultured adult rat cardiac fibroblasts: coupling to signaling systems and gene

the effect of angiotensin-converting enzyme inhibitor or eypressions Clin Invest1994;93:2372-2378.
angiotensin Il type 1 receptor blockade is also needed. Imahori Y, Fuji R, Ueda S, et al. Membrane trapping of carbon-11-labeled

Because the final goa| is to visualize myocardial phosphoino- 1,2-diacylglycerols as a basic concept for assessing phosphatidylinositol turnover
in neurotransmission processNucl Med.1992;33:413-422.

sitide turnover in humans USing PET! a StUdy that measur1§.slmahori Y, Fujii R, Ueda S, Ohmori Y, Wakita K, Matsumoto K. Phosphoinositide
1C-DAG uptake by the liver to assess the impact of liver turmnover imaging linked to muscarinic cholinergic receptor in the central nervous
metabolism on imaging in vivo is also required. system‘by posmonl emlss!?n tomographyucl Med.1993;34:lA54‘3—1551. .
13. Imahori Y, Ohmori Y, Fujii R, Matsumoto K, Ueda S. Rapid incorporation of
carbon-11-labeled diacylglycerol as a probe of signal transduction in glioma.

CONCLUSION Cancer Res1995;55:4225-4229.

. 14. Matsumoto K, Imahori Y, Fujii R, et al. Evaluation of phosphoinositide turnover

The resu_lts Of t.hIS stu_dy SuggeSt t_Hgt'DAG may be . onischemic human brain with 1-[2€]-butyryl-2-palmitoyl-rac-glycerol using

useful for visualizing regions with activated phosphoinosi- PET.J Nucl Med1999;40:1590-1594.

tide turnover after MIl. Because wound hea"ng and thié: Yamane, Ishide N, Kagaya Y, et al. Quantitative double-tracer autoradiography
fib . . tant fact f tricul with tritum and carbon-14 using imaging plates: application to myocardial
Ibrogenic process are importan actors or ventricular metabolic studies in ratd.Nucl Med.1995;36:518-524.

remodeling after Ml,llC-DAG and PET may offer new 16. YamaneY, Ishide N, Kagaya Y, et al. Heterogeneous fatty acid uptake early after
information that benefits patient management after MI. reperfusion in rat heart&m J Physiol1998;274:H923-H929.
17. Fukuchi M, Hussain SNA, Giaid A. Heterogeneous expression and activity of
endothelial and inducible nitric oxide synthesis in end-stage human heart failure:
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