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Myocardial fatty acid metabolism in diabetic mice
with 1*I-BMIPP
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In patients with diabetes mellitus, the existence of diabetic cardiomyopathy was substantiated. This
study was undertaken to evaluate the myocardiac fatty acid metabolism of diabetic mice (n = 21)
and controls (n = 21) in '"“I-BMIPP in fasted and unfasted states. '*I-BMIPP of 370 kBq was given
and thirty minutes later, animals from both groups were killed. Samples of hearts, liver and other
organs were removed, weighed and then counted in a scintillation counter. The percent injected
dose/g of hearts of diabetic mice was significantly reduced compared to controls in unfasted (p <
0.05) and fasted (p < 0.01) groups. These findings may reflect impaired fatty acid utilization of the

hearts in diabetic mice compared to controls.
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INTRODUCTION

IT HAS BEEN REPORTED that diabetes mellitus is associated
with an excessive cardiovascular morbidity and mortal-
ity.! Coronary and peripheral artery atherosclerosis, clini-
cally or at autopsy, is two to three times as prevalent in the
diabetic as in the nondiabetic person.2 Abnormalities of
2017, 2¥-labeled metaiodobenzylguanidine (MIBG) and
glucose metabolism in patients with diabetes mellitus has
already been documented.**® Diabetic neuropathy may
involve an MIBG abnormality in its early stages.’
Decreased MIBG uptake in the inferior wall may be a
diagnostic sign of cardiac sympathetic dysfucntion in
silent myocardial ischemia in diabetes.*

123[.1abeled 15-(p-idophenyl)-3R,S-methylpentade-
canoic acid (‘**I-BMIPP) is currently widely used as an
approved radiopharmaceutical for the evaluation of im-
pairment of myocardial fatty acid metabolism and for
myocardial viability.”'* Knapp et al. mentioned’ that this
metabolism might make '2’I-BMIPP useful in delineating
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patients with heart disease. The use of '*’I-labeled fatty
acid may provide complementary information about the
metabolic consequences of myocardial viability. Shinmura
et al. reported that BMIPP might be used to detect im-
paired myocardial fatty acid metabolism in patients with
diabetes mellitus.’

The aim of this study is to examine the myocardial
biodistribuiion of diabetic mice with '*I-BMIPP and also
to test the application of BMIPP to diabetic mice for the
detection of impaired myocardial fatty acid metabolism.

MATERIALS AND METHODS

Animal models

Fatty acid metabolic studies with **I-BMIPP were per-
formed at rest in fasting and unfasting states. The study
group consisted of male diabetic mice (KK-AY/Ta;
NIDDM) and age-matched control mice (C57BL/6J). The
mice were 8 wk of age. The body weight of diabetic mice
was 38.1 +3.75 g and that of the controls was 25.5 + 1.69
g (p < 0.01). The mice were divided into two groups: a
fasted group (controls, n = 11; diabetic mouse; n=11) and
an unfasted group (controls, n = 10; diabetic mouse, n =
10). The fasted group were maintained for 24 hr on an
overnight fast. The blood glucose level was measured
before the '2I-BMIPP study. The blood glucose of the
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Table 1 Biodistribution of '*I-BMIPP in diabetic mice and controls of (Unfasted Group)

(%ID) n=10

DM (Weight) Controls (Weight) p Values
Heart 24+04 (0.20+£0.02) 29+1.4 (0.17 £ 0.45) ns (0.34)
Liver 29.126.6 26.619.2 ns (0.50)
Lungs 38133 59+6.4 ns (0.37)
Spleen 0.7+02 0.6%0.2 ns (0.53)
Kidneys 3711 28+0.7 p <0.05 (0.04)
Digestive Organs 7120 6.1+2.1 ns (0.07)
Blood 69%59 721438 ns (0.89)
Others 44.1 £ 6.8 474176 ns (0.11)

DM: Diabetic Mellitus

Table 2 Biodistribution of '*I-BMIPP in diabetic mice and controls of (Unfasted Group)

(%ID/g) n=10

DM (Weight) Controls (Weight) p Values
Heart 122423 (0.20 £0.02) 18.0+8.2 (0.17 £ 0.45) p < 0.05 (0.04)
Liver 94126 15.4+8.0 p <0.05 (0.04)
Lungs 17.8+12.8 18.4+9.9 ns (0.91)
Spleen 68148 6.1+24 ns (0.69)
Kidneys 53%1.0 6.1+£2.1 ns (0.24)
Digestive Organs 53148 79+27 ns (0.36)
Blood 11.0£3.0 124+3.5 ns (0.60)
Others 3055 1.7+0.8 ns (0.49)

DM: Diabetic Mellitus

Table 3 Biodistribution of '*I-BMIPP in diabetic mice and controls of (Fasted Group)

(%ID)n=11

DM (Weight) Controls (Weight) p Values
Heart 1.2+05 (0.16 £0.01) 27106 (0.12£0.01) p < 0.01 (0.007)
Liver 19.3+5.1 18.6£2.8 ns (0.70)
Lungs 29%55 1.1+0.3 ns (0.35)
Spleen 0.5+0.7 0.310.1 p < 0.05 (0.04)
Kidneys 3.6+0.7 34106 ns (0.43)
Digestive Organs 72+21 59+1.9 ns (0.20)
Blood 11.0+23 9.7+28 ns (0.38)
Others 533+7.1 579+4.6 ns (0.08)

DM: Diabetic Mellitus

fasted group was 399 * 179 mg/d! for diabetic mice and
118 % 19.3 mg/d! for controls (p < 0.01).

Both groups of mice were intra-peritoneally an-
acsthetized with pentobarbital sodium (0.2 g/kg) and then
370 kBq of **I-BMIPP in 0.2 m! saline was injected into
the caudal vein.

Biodistribution protocol

Mice from both groups were killed at 30 min after the
injection. Samples of the hearts and other organs were
quickly removed, rinsed with normal saline and weighed.
Tracer deposition within the blood, hearts, other organs
and carcasses was counted with an animal scintillation
counter connected to a multi-channel analyzer. Energy
discrimination was proved by a 35% window centered at
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35 keV. The tracer activity concentration was expressed
as a percentage of the injected dose (%ID) and a percent-
age of injected dose per gram tissue (%ID/g).

Statistical analysis

All results were expressed as the mean + s.d. Tracer
accumulation in the groups was compared by unpaired t-
tests. p Values of less than 0.05 were defined as statisti-
cally significant.

RESULTS
The in vivo biodistribution of radioactivity following

administration of '>I-BMIPP in diabetic mice and con-
trols were demonstrated (Tables 1-4 and Fig. 1). The
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Fig. 1 A comparison of the biodistribution pattern of '*I-BMIPP in diabetic mice and controls at 30
min postinjection. DM: Diabetic Mellitus
Table 4 Biodistribution of '*I-BMIPP in diabetic mice and controls of (Fasted Group)
(%ID/g) n=11
DM (Weight) Controls (Weight) p Values
Heart 11.3+3.3 (0.16 £ 0.01) 222+5.6 (0.12£0.01) p<0.01 (22x10%)
Liver 11.2+2.38 164+3.2 p < 0.01 (0.0007)
Lungs 7.1%+33 9.1+2.0 ns (0.11)
Spleen 3.7+1.1 53+£24 ns (0.053)
Kidneys 62121 104+ 1.7 p<0.01 (4.2x10%)
Digestive Organs 4516 581+1.3 ns (0.07)
Blood 11.7+2.6 14.11+4.1 ns (0.12)
Others 2903 30104 ns (0.11)
DM: Diabetic Mellitus
results showed that in the unfasted group the deposition in DISCUSSION

the hearts (%ID) in diabetic mice and controls was not
statistically significant (Table 1), but the %ID/g of the
heart of this group was significantly lower in the diabetic
mice than in the controls (p < 0.05) (Table 2). In contrast,
in the fasted group, both the %ID and %ID/g of the hearts
were statistically significant between the diabetic mice
and controls (p < 0.01) (Tables 3 and 4). The %ID of hearts
in controls under fasting condition showed the highest
activity uptake (Fig. 1). That is, the %ID/g of hearts in
controls in the fasted group was almost twice that in the
diabetic mice (Fig. 1 and Table 4), but no such great
differences were noted in the unfasted group (Tables 1
and 2).
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'I-BMIPP is not metabolized by beta-oxidation, but is
trapped in the triglyceride fraction in the myocardium.”
Myocardial accumulation of this tracer is associated with
triglyceride synthesis, which in part reflects fatty acid
utilization. It is also reported that the mitochondrial con-
tribution is predominant in '2I-BMIPP metabolism.!S The
'2[-BMIPP and '*I-BMIPP has been used in clinical and
experimental studies in assessing myocardial fatty acid
metabolism and viability.”-'* Abnormal accumulation of
Z[-BMIPP in the myocardium has been reported in
various diseases and its clinical applicability has also been
discussed.*103
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In patients with hypertrophic cardiomyopathy, '*I-
BMIPP imaging may reflect impaired regional fatty acid
utilization, which is independent of regional perfusion."?
On the other hand, diabetes mellitus has been shown to be
associated with a specific cardiomyopathy by abundant
epidemiologic clinical, and pathologic data.! Various
pathogenic factors such as small vessel disease, metabolic
disease, hypertension, coronary artery disease, autonomic
dysfunction, nephropathy and interstitial disease can be
explained as pathogenic factors in diabetic cardio-
myopathy."'¢!” In addition, microvascular morphological
abnormalities have been reported in diabetic animals.'?
These microvascular abnormalities may lead to myocar-
dial ischemia in diabetic patients.!’

In our initial autoradiographic data," we have already
revealed diffuse decreased deposit of '»I-BMIPP in the
hearts of diabetic mice compared to controls. Shinmura et
al.’ reported that five of the 15 diabetes mellitus patients
without coronary artery disease had abnormal BMIPP
images.

From the results of the present study, the deposition in
hearts (%ID/g) was reduced significantly in the diabetic
mice compared to controls under unfasting (p = 0.04) and
fasting (p = 2.2 x 107) conditions (Fig. 1 and Table 4). In
controls, the deposition in the hearts was almost twice that
in the diabetic mice in the fasted group (Fig. 1 and Table
4), but no such great difference was noted in the unfasted
group. These differences shown in our biodistribution
studies are thought to be due to the following: the cardiac
muscle is capable of utilizing a variety of substrates as
sources of energy®?!; glucose and fatty acids are the
major fuels; also, free fatty acids are the major substrate
for energy production in the normal, well-oxygenated
heart in the fasted state.?®?! On the other hand, the reduced
myocardial uptake of *I-BMIPP seen in diabetic mice
can be explained as follows: during mild to moderate
ischemia, the pattern of substrate uptake changes from a
predominant reliance on lipid to a predominantly carbo-
hydrate pattern; free fatty acid uptake is reduced in pro-
portion to the reduction in mitochondrial metabolism.202!

Therefore, in our study in the fasted condition, the
control mice utilized fatty acids for major production. As
a result, they had a high %ID/g of '*I-BMIPP, but in the
diabetic mice with myocardial ischemia,'” the major en-
ergy production is changed from the fatty acid to glucose,
so that they had low %ID/g of '*I-BMIPP. On the other
hand, in the unfasted condition, the energy production
may not be different in the control and diabetic mice
compared to under the fasted condition, so that the differ-
ence between the control and diabetic mice in %ID/g of
'I-BMIPP became small. It is also noted that the concen-
trations of plasma substrates, such as blood sugar, free
fatty acids, cholesterol, triglyceride and insulin, do not
affect the total myocardial uptake, clearance or regional
accumulation of '*I-BMIPP." Therefore, '**I-BMIPP can
be used in patients with diabetes mellitus to detect im-
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paired fatty acid metabolism.'®

The results of our study suggest that the metabolism of
fatty acid in the heart was impaired in the diabetic mice
compared to controls, particularly under fasting condi-
tions. '*I-BMIPP might be useful in investigating the
pathogenesis and abnormality of the diabetic heart. In
contrast, it has been found that myocardial accumulation
of BMIPP decreased compared to flow tracers in various
types of disease such as vasospastic angina and hyper-
trophic cardiomyopathy, etc.®!2* In addition, because it
has been reported that the microvascular abnormalities
may lead to myocardial ischemia in diabetic patients,''®
the examination of fatty acid metabolism with the '*I-
BMIPP is not enough to assess the viability of the diabetic
myocardium. Further investigation to compare the flow
study and '*I-BMIPP in cases of diabetes mellitus would
be required.

CONCLUSIONS

The %ID/g of hearts of diabetic mice was significantly
reduced compared to controls in unfasted (p = 0.04) and
fasted (p =2.2 x 107%) groups. These findings may reflect
impaired fatty acid utilization in diabetic mice compared
to controls.
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