Dual Tracer Autoradiographic Study
with Thallium-201 and Radioiodinated Fatty
Acid in Cardiomyopathic Hamsters

Chinori Kurata, Akira Kobayashi, and Noboru Yamazaki

The Third Department of Internal Medicine, Hamamatsu University School of Medicine,

Hamamatsu, Japan.

To investigate the usefulness of myocardial scintigraphy with radioiodinated 15-
(p-iodophenyl)-3-R,S-methylpentadecanoic acid (BMIPP) in cardiomyopathy, quantitative dual
tracer autoradiographic study with 2°'Tl and ['#]]BMIPP was performed in 27 cardiomyopathic
Bio 14.6 Syrian hamsters and eight normal hamsters. Furthermore, 16 Bio 14.6 Syrian
hamsters aged 21 days were divided into verapamil-treated (during 70 days) and control
groups (respectively, n==8), and autoradiography with ?°'Tl and ['%5I]BMIPP was performed.
Quantitative autoradiography demonstrated an uncoupling of 2'Tl and ['?*/|BMIPP
distributions and a regional heterogeneity of ['2°1]BMIPP distribution in cardiomyopathic
hamsters aged more than 2 mo, while normal hamsters showed only mild heterogeneity of
['#1]BMIPP distribution without an uncoupling of tracers. Age-matched comparison between
normal and cardiomyopathic hamsters (5-8 mo old) demonstrated that a difference between
their ['?*1]BMIPP distributions are more marked than that between their 2°'Ti distributions.
Furthermore, ['#I]BMIPP visualized effects of verapamil on cardiomyopathy more distinctly
than did 2°'T1. In conclusion, myocardial imaging with ['21]BMIPP could be useful for
investigating cardiomyopathy and evaluating the efficacy of therapeutic intervention in

patients with cardiomyopathy.
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Emary cardiomyopathies have been classified and
recognized on the basis of anatomic and functional
abnormalities regardless of the underlying metabolic
processes. Biochemical studies by means of positron
emission tomography have been expected not only to
enhance our understanding of cardiomyopathies as well
as their detection and characterization, but also to aid
in the development of effective treatment (/-3). Var-
ious radiolabeled fatty acids have been proposed as
means for detecting metabolic alterations of the myo-
cardium in patients with cardiomyopathy as well as
coronary artery disease (4). Among these fatty acids,
the physiologic carbon-11 (*'C) palmitate with positron
emission tomography has been considered an accurate
agent for the quantitation of regional myocardial fatty
acids utilization (5). However, the major limitation of
positron imaging is the worldwide scarcity of the rela-
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tively expensive imaging devices and cyclotrons. There-
fore, attention has been focused on gamma-emitting
radionuclides labeled to fatty acids. For example, sev-
eral radioiodinated fatty acids have been used for in-
vestigating accumulation and turnover of fatty acids ‘n
the myocardium of patients with cardiomyopathy (6-
8).

Radioiodinated 15-(p-iodophenyl)-3-R,S-methylpen-
tadecanoic acid (BMIPP) is a new myocardial imaging
agent (9). BMIPP is obtained by attaching an iodide
label to a benzene ring located at the omega-end of a
pentadecanoic acid molecule, to avoid in vivo deiodi-
nation (/0), and by inserting a methyl radical in the
beta-position to inhibit beta-oxidation and prolong
myocardial retention (/7) (Fig. 1). BMIPP showed
much longer myocardial retention than did the straight
chain 15-(p-iodophenyl)-pentadecanoic acid in rats and
human beings (12,13).

A recent quantitative dual tracer autoradiographic
study performed in hypertensive rats revealed a disso-
ciation between regional perfusion assessed by thallium-
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201 (**'T1) and regional fatty acid utilization assessed
by [1-'*C]-3-R,S-methylheptadecanoic acid in the myo-
cardium (74). Such an uncoupling of regional perfusion
and fatty acid utilization might exist in the myocardium
of primary cardiomyopathy.

The Bio 14.6 Syrian hamster develops a hereditary
cardiomyopathy terminating in congestive heart failure
and provides a good model for the experimental study
of cardiomyopathy (15-17). In this strain, myocardial
oxidation of fatty acids has been reported to be substan-
tially decreased (/8). During ~1 mo of age, the animals
appear well and there is no pathological evidence of
disease. At ~1 mo, focal myocardial necrotic lesions
appear. At about 3 to 4 mo of age, many of the necrotic
lesions have healed, few new lesions appear, hypertro-
phy of the heart begins and calcification of the degen-
erating muscle appears. After about 6 mo of age,
marked cardiac dilation appears and many animals die
from congestive heart failure (15-17,19). In addition,
verapamil, a calcium antagonist, has been reported to
inhibit the progression of myocardial damages in the
Bio 14.6 Syrian hamsters (20-23).

The present study was primarily concerned with the
usefulness of BMIPP imaging in cardiomyopathy. For
this purpose, we performed quantitative dual tracer
autoradiographic study with 2°'T1 and ['*I]BMIPP in
the Bio 14.6 Syrian hamsters and, also, investigated the
question of whether BMIPP imaging can detect the
therapeutic effect of verapamil on cardiomyopathy.

METHODS

Radiopharmaceutical

Injectable solution of ['>’I|BMIPP was obtained from Ni-
hon Medi-Physics Co., Ltd., Chiba, Japan. The method of the
preparation of ['*I]BMIPP was as follows. Commercially
obtained BMIPP (EMKA Chemie GmbH, Markgroenigen-
Talhausen, West Germany), was labeled with iodine-125 ('%I)
by isotope exchange reaction using acetic acid as a solvent and
CuSO; as a catalyst. The radiochemical yield was over 95%
which determined by thin layer chromatography, and the
specific activity ranged between 0.50 and 2.16 Ci/mmol. The
crude product was purified by solvent extraction, and identi-
fied by the thin layer chromatography. The radiochemical
purity of this purified product was nearly 100%. The labeled
product was evaporated to dryness and dissolved into 6%
HSA saline solution (ethanol free preparation). The solution
was finally sterilized by Millipore (0.22 gm) filtration.

Volume 30 * Number 1 ¢ January 1989

(CH,),,— CH—CH,—COOH

FIGURE 1
15-(p-iodophenyl)-3-R,S-methylpen-
tadecanoic acid (BMIPP). An iodide
label to a benzene ring located at the
omega-end avoids in vivo deiodina-
tion, and a methyl radical in the beta-
position inhibits beta-oxidation and
prolong myocardial retention.

Dual Tracer Autoradiography in Cardiomyopathic
and Normal Hamsters

Twenty-seven Bio 14.6 Syrian hamsters were divided into
four age groups, namely, five animals aged 1 mo, six animals
aged 2 to 2.5 mo, seven animals aged 3 to 5 mo and nine
animals aged 6 to 12 mo. Eight normal golden hamsters, aged
5 to 8 mo, were used as controls.

All animals were first injected intravenously with 16 xCi to
64 uCi of ['**I)BMIPP, then 20 min later with 160 to 640 uCi
of 2°'T1. The dose ratio of ['>*I)BMIPP and **'T1 (uCi) was 1/
10 in all animals. The hearts were removed 10 min after the
second injection, frozen in liquid nitrogen, embedded in car-
boxy-methyl-cellulose, and sectioned in the direction perpen-
dicular to the longitudinal axis of the left ventricle with a
cryomicrotome. The myocardial sections of 20-um thickness
and graded standards were placed on x-ray films for exposure.
The first autoradiographic exposure was carried out for 11 hr
to reveal the thallium distribution. The second exposure was
initiated 30 days later following the decay of 2°' Tl activity and
the imaging of ['*I]BMIPP required 30 days for adequate
image quality. In the single tracer autoradiography of each
tracer under the same condition as that of the dual tracer
autoradiography, it was confirmed that 2*'T] images were not
visualized under the condition of exposure for imaging ['**I]
BMIPP uptake and that ['>I)BMIPP images were not visual-
ized under the condition of exposure for imaging °' T1 uptake.

To quantitate myocardial distributions of 2°'Tl and ['*I]
BMIPP, a myocardial section was divided into five regions,
that is, the right ventricular wall, the right ventricular side of
the interventricular septum, the left ventricular side of the
interventricular septum, the endocardial region of the left
ventricular free wall, and the epicardial region of the left
ventricular free wall. These selected regions of 'Tl and '*I
autoradiograms were digitized and quantitated using a video-
densitometric system, a CCD camera (Sony, Japan) with an
image processor (TOSPIX, Toshiba, Japan) (24). For each
region, the relative uptake of the tracer was defined as the
ratio of the regional optical density to the maximum optical
density in the five regions. It was confirmed, using graded
standards exposed and digitized under the same condition as
heart images, that regional optical densities measured by a
videodensitometric system in this study were within the range
of linear relation to tissue tracer concentrations. Therefore,
the relative uptake defined above reflects the relative distri-
bution of the tracer in the myocardium and affords the
information on the clinical availability of ['>*I)BMIPP imaging
using conventional gamma camera system because of the
relatively large size of selected regions.

Detection of Effects of Verapamil by Autoradiography

Sixteen Bio 14.6 Syrian hamsters aged 21 days were divided
into two groups and treated as follows. Eight verapamil-treated
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animals were injected intraperitoneally with 5 mg/kg of ver-
apamil twice daily during the 21th to 90th day of life. Eight
saline-treated animals were injected with the same volumes of
physiological saline solution during the same period as ver-
apamil-treated group. All animals were killed at age 90 days
and quantitative dual tracer autoradiography was carried out
using 2°'T1 and ['*I]BMIPP as described above. It has been
already reported by our group that such early treatment with
verapamil protects against histopathological damages in the
myocardium of the Bio 14.6 Syrian hamsters (25).

Statistical Analysis

All values of relative uptakes were expressed as mean +
standard deviation. Comparisons of *'Tl and ['*I)BMIPP
were performed by the paired, two-tailed Student’s t-test.
Intergroup comparisons were performed by the unpaired, two-
tailed Student’s t-test. One-way analysis of variance was used
to compare relative uptakes among the five regions for each
tracer and each group. A p value greater than or equal to 0.05
was considered to indicate the lack of a significant difference.

RESULTS

Dual Tracer Autoradiography in Cardiomyopathic and
Normal Hamsters (Fig. 2, Table 1 and 2)

As examples shown in Figure 2, in the control ham-
ster, the 2'T1 distribution was uniform and the ['%]]
BMIPP distribution was also uniform except for a
slightly low uptake in the endocardial region of the left
ventricle. By contrast, in the Bio 14.6 Syrian hamster
aged 11 mo, the 2°'Tl distribution showed diffusely
scattered small defects, and the BMIPP distribution was

FIGURE 2

llustrative digitized dual tracer au-
toradiograms with 2°'TI and ['*1]
BMIPP in the control and cardiomy-
opathic hamsters. A 2°'TI autoradi-
ogram of a 8-mo-old normal hamster
shows uniform distribution (A). A
['**1]BMIPP autoradiogram of the
same section as A shows uniform
distribution except for a slightly low
uptake in the endocardial region of
the left ventricle (B). A 2°'Tl autora-
diogram of a 11-mo-old Bio 14.6 Syr-
ian hamster shows diffusely scat-
tered small defects (C). A ['*I]BMIPP
autoradiogram of the same section
as C shows decreased uptakes in
the right ventricular wall, interventric-
ular septum and endocardial region
of the left ventricular free wall (D).
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decreased in the right ventricular wall, interventricular
septum and endocardial region of the left ventricular
free wall. As shown in Table 1, in the control group
and Bio i4.6 Syrian hamsters aged | mo, the relative
uptakes of *'Tl and ['>I]BMIPP did not significantly
differ in any of the regions. In the Bio 14.6 Syrian
hamsters aged 2 to 2.5 mo, however, ['*I)BMIPP up-
take was significantly lower than that of ' Tl in the left
ventricular side of the interventricular septum (p <
0.01) and right ventricular wall (p < 0.05). Furthermore,
in the Bio 14.6 Syrian hamsters aged 3 to 5 and 6 to 12
mo, ['*I)BMIPP uptake was significantly lower than
that of ' Tl in the right ventricular wall (p < 0.01) and
endocardial region of the left ventricular free wall (p <
0.01) as well as the left ventricular side of the interven-
tricular septum (p < 0.01). Relative uptakes of 2°'Tl
were not significantly different among five regions in
any groups of cardiomyopathic hamsters (p > 0.05) as
well as the control group (p > 0.05). By contrast, relative
uptakes of ['**IJBMIPP among five regions were slightly
but significantly different in the control group (p <
0.05) and markedly different in the cardiomyopathic
hamsters aged more than 2 mo (p < 0.01).

Eight animals of the same age as the control group,
that is, 5 to 8 mo old were selected from 27 Bio 14.6
Syrian hamsters and the age-matched comparison be-
tween control and Bio 14.6 Syrian hamsters was per-
formed. As shown in Table 2, ?°'Tl uptake in the left
ventricular side of the interventricular septum of the
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TABLE 1
Relative Uptakes in Control and Cardiomyopathic Hamsters

Regions
Groups Tracers RV SepR SepL LVendo LVepi p Values'

Control o 093+007 096+0.03 097+004 093+0.03 0.95+0.04 N.S.

[BMIPP 091+0.05 095+005 090+0.06 087+007 0.97+0.05 <0.05
Bio 2017 085+014 093+0.05 092+009 094+0.08 0.95+0.06 N.S.
(1 mo) [*)BMIPP 088+0.09 093+0.07 098+003 095+004 0.95=+0.04 N.S.
Bio 27 093+006 096+004 092+005 095+008 0.91+0.07 N.S.
(2-2.5 mo) ['*)BMIPP 0.86+0.09° 094+003 078+0.08¢ 0.82+0.13 0.99+0.02 <0.01
Bio 2017) 088+008 094+008 091+010 094+007 0.95=+0.09 N.S.
(3-5 mo) ['*]BMIPP  0.67 £0.10* 0.85+0.09 0.69+0.05% 070+0.13* 0.99+0.02 <0.01
Bio om 093+012 089+007 087+005 095+005 0.94+0.06 N.S.
(6-12 mo) ('*BMIPP  0.67 £0.11* 0.82+0.13 068+0.09®° 0.73+0.13* 1.00+0.01° <0.01

Values are means + standard deviation. The significance of the differences is as follows: 2'Tl versus ['**)BMIPP, " p < 0.05, *p <
0.01; *refers to comparisons among relative uptakes in five regions (one-way analysis of variance). Bio (x mo) = Bio 14.6 Syrian
hamsters (x months old); BMIPP = 15-(p-iodophenyl)-3-R,S-pentadecanoic acid; Control = control hamsters; LVendo = endocardial
region of the left ventricular free wall; LVepi = epicardial region of the left ventricular free wall; N.S. = not significant (p > 0.05); RV =
right ventricular wall; SepL = left ventricular side of the septum; SepR = right ventricular side of the septum.

Bio 14.6 Syrian hamsters was slightly but significantly
lower than that in the same region of the control group
(p < 0.05). By contrast, the Bio 14.6 Syrian hamsters
displayed a significantly low uptake of ['*I)BMIPP in
the right ventricular wall (p < 0.01), endocardial region
of the left ventricular free wall (p <0.01), left ventricular
side of the septum (p < 0.01) and right ventricular side
of the septum (p < 0.05), as compared with the control
group.

Detection of Effects of Verapamil by Dual Tracer
Autoradiography (Fig. 3 and Table 3)

As examples shown in Figure 3, in the saline group,
both 2°'T1 and ['*I)BMIPP demonstrated diffusely scat-

tered small defects as well as decreased ['>I)BMIPP
uptake in the right ventricular wall, septum, and en-
docardial region of the left ventricular free wall. By
contrast, neither defects nor reduced regional uptakes
of either tracer were detectable in the verapamil group.
Table 3 shows the comparison between the saline and
verapamil groups with respect to the relative uptakes of
each tracer. The ?'Tl distribution of the saline and
verapamil groups did not differ in any of the regions (p
> 0.05). By contrast, the relative uptake of ['*I]BMIPP
in the left ventricular side of the interventricular septum
was significantly greater in the verapamil group than in
the saline group (p < 0.05). In the saline group, relative
uptakes of 2°'TI were slightly but significantly different

TABLE 2
Age-Matched Comparison of Relative Uptakes in Control and Cardiomyopathic Hamsters
Regions
Tracers Groups RV SepR SepL LVendo LVepi
207 Control 0.93 + 0.07 0.96 + 0.03 0.97 + 0.04 0.93 +0.03 0.95 + 0.04
Bio 0.93 +0.09 0.93 + 0.04 0.89 + 0.06° 0.95 + 0.06 0.96 + 0.06
['#1)BMIPP Control 0.91 £ 0.05 0.95 + 0.05 0.90 + 0.06 0.87 + 0.07 0.97 £ 0.05
Bio 0.67 + 0.05' 0.83 +0.13 0.69 + 0.09' 0.71 £ 0.14t 1.00 + 0.01

Values are means + standard deviation. The significance of the difference is as follows: control versus Bio, " p < 0.05, ' p < 0.01.
Bio = Bio 14.6 Syrian hamsters aged 5-8 mo; Control = control hamsters aged 5-8 mo; other abbreviations are as in Table 1.
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FIGURE 3

llustrative dual tracer autoradi-
ograms with 2'Tl and ['**I]BMIPP in
the saline and verapamil groups. A
20'T] autoradiogram of a saline-
treated hamster shows diffusely
scattered small defects (A). A ['*]]
BMIPP autoradiogram of the same
section as A shows decreased up-
takes in the right ventricular wall,
interventricular septum and endocar-
dial region of the left ventricular
free wall (B). Both a ?°'Ti and ['#l]
BMIPP autoradiograms (respec-
tively, C and D) of a verapamil-
treated hamster show neither de-
fects nor reduced regional uptakes.

among five regions (p < 0.05) and relative uptakes of
['*1)BMIPP were markedly different among five re-
gions (p < 0.01). By contrast, in the verapamil group,
relative uptakes of either ' Tl or ['*I]BMIPP showed
no significant differences among five regions (p > 0.05).

DISCUSSION

Heterogeneity of ['*I]BMIPP Distribution

The myocardial distribution of ['*I]BMIPP in car-
diomyopathic hamsters aged more than 2 mo was dif-
ferent from that of ' Tl and also different from that of

['*I)BMIPP in normal hamsters. In normal hamsters,
20'T] accumulation was homogeneous and ['*I]BMIPP
accumulation was almost homogeneous other than
slightly decreased uptake in the left ventricular side of
the interventricular septum. In cardiomyopathic ham-
sters aged 1 mo, both 2'Tl and ['*I]BMIPP accumu-
lations were homogeneous. In cardiomyopathic ham-
sters aged more than 2 mo, however, ['>*[]BMIPP ac-
cumulation was highly heterogeneous with significantly
decreased uptake in the endocardial region of the left
ventricular free wall, left ventricular side of the inter-
ventricular septum and right ventricular wall. The older

TABLE 3
Comparison of Relative Uptakes in Saline and Verapamil Groups
Regions
Tracers Groups RV SepR Sepl LVendo LVepi p Values'

o Saline 0.85 £ 0.12 0.88 + 0.08 0.85 + 0.08 0.91 + 0.08 0.98 + 0.03 <0.05

Verapamil 0.89 £ 0.12 0.91 + 0.06 0.85 + 0.07 0.89 + 0.06 0.93 + 0.07 NS
['*1BMIPP Saline 0.77 £ 0.11 0.87 £ 0.09 0.72+0.09 0.87 £ 0.10 0.98 + 0.03 <0.01

Verapamil 0.84 £ 0.09 0.93 +0.13 0.84 +0.10° 0.86 + 0.05 0.94 + 0.06 NS

Values are means + standard deviation. The significance of differences is as follows: saline versus verapamil, " p < 0.05;  refers to
comparisons among relative uptakes in five regions (one-way analysis of variance). Saline = saline-treated hamsters; Verapamil =

verapamil-treated hamsters; other abbreviations are as in Table 1.
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the Bio 14.6 Syrian hamsters, the more distinctly the
regional heterogeneity of myocardial distribution of
['*1)BMIPP.

2'T] Autoradiograms

Numerous, small defects in *'T1 autoradiograms,
which were thought to reflect histologic changes of
cardiomyopathy such as necrosis, fibrosis, and calcifi-
cation, were observed in the Bio 14.6 Syrian hamsters
of the late phase. These defects, however, were too small
and too diffusely scattered to be detectable by the
analysis of the regional relative uptake defined in this
study. Therefore, if such alterations of ?°'Tl and ['*I]
BMIPP distributions as observed in the Bio 14.6
Syrian hamsters exist in patients with cardiomyopathy,
abnormalities of ['ZI]BMIPP distribution will be more
feasible for visualization by single photon emission
computed tomography (SPECT) than those of °'Tl
distribution. Namely, ['ZI]BMIPP imagings with
SPECT could be applied in human subjects to detect
possible alterations in myocardial fatty acid metabolism
in patients with cardiomyopathy of the early stage when
no perfusion defects are detectable by *°'T] imagings
with SPECT.

Uncoupling of *'T1 and ['**]]BMIPP Distributions

It has been reported that an uncoupling of myocar-
dial distributions of °'T1 and [1-'*C]-3-R,S-methylhep-
tadecanoic acid occurs in hypertensive rats of the Dahl
strain (/4). Clinical study with positron emission to-
mography showed that [''C]palmitate accumulation in
the myocardium of patients with cardiomyopathy was
highly heterogeneous and that such heterogeneity could
not be explained by regional differences in myocardial
perfusion assessed by °' Tl scintigraphy (2). Subsequent
study demonstrated that myocardial distribution of
['*'1]BMIPP was essentially the same as that of 1['*C]-
3-R,S-methylheptadecanoic acid in normotensive and
hypertensive rats (26). In our study, also, an uncoupling
of 2°'T1 and ['*I]BMIPP distributions was observed in
the myocardium of the Bio 14.6 Syrian hamsters aged
more than 2 mo. What does such an uncoupling of
20'T] and radiolabeled fatty acid mean? Yonekura et al.
(14) suggested that substrate utilization is altered in
prolonged severe hypertension before ischemia occurs
in hypertensive rats. In the Bio 14.6 Syrian hamsters,
an uncoupling of myocardial distributions of %'Tl and
['*I]BMIPP became more significant according to ag-
ing. A regional change in *'T] uptake was seen in a
later phase and with a lower intensity than that in ['?’]
BMIPP uptake. It is, therefore, suggested that regional
fatty acid utilization could alter either independent of
regional perfusion or before alterations of regional per-
fusion in the Bio 14.6 Syrian hamsters. If cardiomyop-
athy begins at the biochemical level and subsequently
shows structural and anatomical impairments, myocar-
dial imaging with radiolabeled fatty acids such as ['*]]
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BMIPP could play an important role in the diagnosis
of cardiomyopathy of the early stage when myocardial
perfusion or function is still normal.

Influence of Congestive Heart Failure

There is a possibility that the abnormality of myo-
cardial distribution of ['>*I]BMIPP in the Bio 14.6
Syrian hamsters may not be due to cardiomyopathy
itself but due to congestive heart failure secondary to
cardiomyopathy (27,28). The abnormality of ['*I]
BMIPP distribution, however, was observed in the ham-
sters of the early phase, in which an overt heart failure
is seldom observed (16,17,19). It is, therefore, unlikely
that congestive heart failure alone could account for
the abnormality observed in ['>[]BMIPP autoradi-
ogram of the Bio 14.6 Syrian hamsters of the early
phase. The abnormality of ['*I]BMIPP distribution in
the late phase might be accelerated by congestive heart
failure.

Evaluation of Effect of Verapamil

['**I)BMIPP visualized the effects of verapamil on
cardiomyopathy more distinctly than did *'Tl. The
uncoupling of *'Tl and ['*I]BMIPP distributions ob-
served in the saline group disappeared in the verapamil
group. Verapamil may improve cardiomyopathy by
preventing the toxic effects of calcium overload, and
may also prevent focal damages by preventing micro-
vascular spasm (20,22,29). The verapamil-induced ho-
mogeneity of ['*I]BMIPP distribution might be due to
restoration of fatty acid metabolism secondary to inhi-
bition of voltage-dependent calcium uptake (30). Nu-
merous, small defects in 2°'T1 autoradiograms also dis-
appeared by treatment with verapamil. But, as men-
tioned above, these changes in *'Tl autoradiograms
which may reflect histopathological improvements
could not be easily visualized by SPECT with 2'TI.
Therefore, SPECT study with ['2*I]BMIPP may provide
an efficient means of designing therapies to reserve or
halt abnormal metabolic processes and evaluating the
efficacy of therapeutic interventions in patients with
cardiomyopathy.

Other Radioiodinated Phenyl Fatty Acids

Several radioiodinated phenyl fatty acids have been
used in experimental and clinical studies (8,13,31,32).
Especially, the straight chain 15-(p-iodophenyl)-penta-
decanoic acid (IPPA) has been widely used in the eval-
uation of coronary artery disease (31,32). However, the
myocardial distribution of ['*I]IPPA may change sig-
nificantly during acquisition of SPECT because of the
rapid oxidation and subsequent clearance from the
myocardium (/3). With respect to myocardial reten-
tion, 15-(p-iodophenyl)-3,3-dimethylpentadecanoic
acid (DMIPP) has been reported to show longer reten-
tion than BMIPP as well as IPPA, because DMIPP is
apparently not catabolized by the myocardium (/3,33).
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Recently, Kubota et al. (34) reported quantitative au-
toradiographic study with ['*'I]DMIPP in the cardiom-
yopathic hamsters. Their result was almost similar to
ours. However, the investigation of “regional relative
uptakes” as performed in our study, which examined
the clinical availability with SPECT, were not indicated
in their study with ['*'IJ]DMIPP. Furthermore, in the
tissue distribution studies of ['**I)DMIPP in rats, Knapp
et al. (33) have shown that the mean heart-to-liver
ratios (% injected dose/g of tissue) are much less than
1 during 2 hr after injection. On the other hand, it has
been reported that the heart level of ['>I]BMIPP (%
injected dose/g of tissue) in rats is almost equal to the
liver level at 30 min after injection and significantly
higher than the liver level at 60 min after injection (9).
Therefore, the liver level of DMIPP may be too high
for clinical application of DMIPP to myocardial imag-
ing.

Mechanisms of Myocardial Accumulation of
BMIPP

It is still unclear whether regional alterations in the
myocardial accumulation of ['*I]BMIPP is due to a
defect in membrane transport, an impairment in energy
production or utilization, or a reduction in the ratio of
capillaries to sarcomeres. Ambrose et al. (/3) have
demonstrated that BMIPP shows primarily equal dis-
tribution in the mitochondrial, microsomal and cyto-
plasmic fractions and rapid incorporation into triglyc-
erides. It is possible that myocardial retention of BMIPP
represents not only beta-oxidation of fatty acids but
also activity of myocardial uptake of fatty acids or
esterification of fatty acids into neutral lipids. Nonethe-
less, since myocardial oxidation of ['*C]palmitate has
been reported to be significantly depressed in the Bio
14.6 Syrian hamster (/8), regional heterogeneity of
myocardial distribution of BMIPP is likely to reflect
regional impairments in fatty acid metabolism. Fur-
thermore, since marked heterogeneity of myocardial
distribution of [''C]palmitate has been reported in pa-
tients with cardiomyopathy (2), myocardial imagings
with BMIPP could be applied in patients with cardio-
myopathy to detect possible alterations in fatty acid
metabolism. While applying BMIPP to clinical studies,
further experimental studies are needed to clarify the
relationship between myocardial uptake of BMIPP and
activity of beta-oxidation of fatty acids.

CONCLUSION

Our dual autoradiographic study demonstrated an
uncoupling of °'Tl and ['*I)BMIPP distributions in
the myocardium of the Bio 14.6 Syrian hamsters aged
more than 2 mo. Myocardial distribution of ['*I]
BMIPP in the Bio 14.6 Syrian hamsters was signifi-
cantly different from that in normal hamsters. The early
treatment with verapamil restored the uncoupling of
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20171 and ['*I)BMIPP distributions in the myocardium
of the Bio 14.6 Syrian hamsters, and ['**I]BMIPP vis-
ualized the effects of verapamil on cardiomyopathy
more distinctly than did *'Tl. It is therefore suggested
that myocardial imaging with ['>I]BMIPP could be
useful for investigating cardiomyopathy and evaluating
the efficacy of therapeutic intervention in patients with
cardiomyopathy.
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