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Abstract

Aims/hypothesis. Fatty acids are an important source
of energy in the myocardium. Abnormal myocardial
fatty acid metabolism could contribute to the deterio-
ration of cardiac function frequently observed in pa-
tients with Type II (non-insulin-dependent) diabetes
mellitus. In our previous study, myocardial total up-
take of non-esterified fatty acid (NEFA) was mea-
sured in patients with impaired glucose tolerance
and found to be normal. This study aimed to investi-
gate the subsequent metabolic steps and f-oxidation
of NEFA.

Methods. A total of 6 men with impaired fasting glu-
cose (age 50 +2years, BMI 29+ 1 kg/m? means
+ SEM) and 6 healthy men (50 + 1 years, 25 + 1 kg/
m?) were studied in the fasting state. Myocardial
blood flow was measured with [*O]H,O and positron
emission tomography and myocardial NEFA metab-
olism with ['!C]palmitic acid.

Results. Myocardial blood flow was normal and not
different between the impaired glucose tolerance
and the control group (78 +6 vs 73 + 13 ml/100 g/
min, NS). The ['!C]palmitic acid uptake indices were
similar between the groups (10.4+0.5 vs 11.2 +
0.8 m1/100 g/min, respectively, NS). The clearance of
[''C]-palmitate from the myocardium, an index of
NEFA f-oxidation, was similar between the groups
(half-times of activity 17.6 + 1.6 vs 19.5 + 2.3 min, re-
spectively, NS)

Conclusion/interpretation. The results indicate that
myocardial NEFA uptake and -oxidation are not al-
tered in patients with IGT. Thus, it is not likely that
altered NEFA metabolism contributes to the deterio-
ration of the cardiac function in patients with IGT or
Type II diabetes. [Diabetologia (2001) 44: 184-187]

Keywords Impaired glucose tolerance, Type II diabe-
tes, fatty acids, myocardial metabolism, [!!C]palmitic
acid, positron emission tomography.

On the basis of both experimental and human studies,
it has been shown that diabetes could be associated
with alterations in the myocardial glucose and the
non-esterified fatty acid (NEFA) metabolism, which
could further contribute to the deterioration of cardi-
ac function [1]. The results of the recent studies with
positron emission tomography (PET) have, however,
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shown that myocardial glucose uptake during eugly-
caemic hyperinsulinaemia both in patients with Type
I (insulin-dependent) and II (non-insulin-dependent)
diabetes is normal during controlled metabolic condi-
tions (euglycaemic hyperinsulinaemia), confirming
that the heart is not insulin-resistant in diabetes [2, 3].

Studies on myocardial NEFA metabolism are
sparse. A study with ['*I]heptadecanoid acid
(['**IJHDA) and single-photon emission tomography
(SPET) found myocardial NEFA uptake and j-oxi-
dation to be reduced in patients with impaired glu-
cose tolerance (IGT) [4]. Surprisingly, the same study
found that NEFA metabolism was normal in patients
with Type II diabetes. We recently measured the
myocardial uptake of NEFA in patients with IGT
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Fig.1. An example of a biexponential curve fitted on the myo-
cardial time-activity curve (A) and myocardial [''C]palmitic
acid uptake indices (B) and activity clearance halftimes (C)

with 14(R, S)-['®F]fluoro-6-thia-heptadecanoid-acid
(["*F]JFTHA) and PET. No abnormalities in the total
uptake was found in IGT patients studied in the fast-
ing state but the skeletal muscle uptake of NEFA
was impaired [5].

The fatty acid metabolism is complex. Because
NEFA taken up by tissue will either enter oxidative
metabolism or be incorporated into triglycerides, the
possibility of defective f-oxidation cannot be com-
pletely excluded by the findings of our previous PET
study with ['F]JFTHA. The [''C]palmitic acid is a
proven and widely used tracer to assess myocardial
FFA metabolism. Specifically, f-oxidation can be re-
liably measured with [!!C]palmitate kinetics. This
study included the same patients as in our previous
PET study with [""FJFTHA [5] and re-examined
then with [!!C]palmitate. Our aim was to examine
whether myocardial NEFA f-oxidation, in addition
to NEFA uptake, is altered in IGT.

Subjects and methods

Subjects. A total of 6 men with IGT (age 50 + 2 years) as de-
fined by the criteria of the World Health Organisation
(WHO) were studied. Another 6 healthy, normal-weight men
matched for age served as control subjects. None of the sub-
jects had a history of any cardiac illness. The subjects had par-
ticipated in our previous PET study, in which we measured my-
ocardial and skeletal muscle NEFA uptake with ['SFJFTHA
[5]- The study was approved by the local ethics committee
and all subjects gave their written and informed consent.

Study design. All subjects were studied after a 12 to 15 h fast in
order to achieve high NEFA concentrations and enhance
NEFA utilization. Myocardial blood flow was measured with
[SOJH,O and PET. Myocardial NEFA oxidation was mea-
sured with ['!C]palmitic acid. The mean doses of [°O]JH,O
and [''Clpalmitic acid were 1.59 +0.02 GBq and 730 + 10
MBgq. Serum NEFA, glucose, insulin and plasma lactate con-
centrations were determined. Electrocardiogram, heart rate
and blood pressure were monitored throughout the study.
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Production of [°OJH,0 and ["'C]palmitic acid. We produced
150-labeled water using dialysis techniques in a continuously
working water module. The [''C]palmitic acid was produced
according to a method published previously [6]. The product
was obtained in higher than 98 % in radiochemical purity.

Image acquisition, processing and analysis. An ECAT 931/
08-12 tomograph (Siemens/CTI, Knoxville, Tenn., USA) was
used. All data were corrected for deadtime, decay and photon
attenuation. The median root prior (MRP) reconstruction
method was used.

Regions of interest (ROIs) were placed on the left ventricu-
lar myocardium on 4 cross-sectional slices to lateral, anterior
and septal regions. The blood flow was calculated according
to a method using a single compartment model [7]. A
[''C]palmitic acid uptake index in myocardium was calculated
by dividing the myocardial activity at 7.5 min with the integral
of the metabolite corrected plasma time-activity curve. The
NEFA uptake indices were calculated by multiplying the
[''C]palmitic acid uptake index with the serum NEFA concen-
tration. To measure [!!C]palmitic acid -oxidation, a biexpo-
nential curve was fitted on the early part (11-27.5 min) of the
down-sloping phase of the time-activity curve (Fig.1) and the
U C-activity clearance at half-time was calculated. The non-me-
tabolized fraction of ['!C]palmitic acid in blood was measured
by separating the [!!C]CO, from blood samples.

Analytical procedures. Serum NEFAs were measured using an
enzymatic method (Wako Chemicals, Neuss, Germany), serum
free insulin using a double antibody radioimmunoassay (Phar-
macia, Uppsala, Sweden) and glycated haemoglobin with fast
protein liquid chromatography (Pharmacia, Uppsala, Swe-
den). Standard methods were used to measure serum glucose,
lactate, total cholesterol, HDL-cholesterol and triglyceride
concentrations.

Statistical analysis. Data were analysed using the software
SPSS for Windows (version 6.0; SPSS, Ill., Chicago, USA). Af-
ter the normal distribution of the variables had been checked a
two-tailed Student’s ¢-test and an analysis of variance and co-
variance were carried out to study the differences between
the groups. All results are expressed as means + SEM. A p val-
ue of less than 0.05 was considered to be statistically signifi-
cant.

Results

Clinical characteristics, substrate concentrations and
haemodynamic parameters during the study. Subjects
with IGT were more obese than the control subjects
(Table 1). Fasting serum glucose (p <0.01), insulin
(p <0.01) and triglyceride concentrations (p < 0.05)
were significantly higher in the IGT group than in
the control group, whereas serum NEFA concentra-
tions and serum total, LDL and HDL cholesterol
concentrations were similar in the groups. Systolic
and diastolic blood pressure were higher in IGT sub-
jects but the double product was not significantly dif-
ferent.

Myocardial blood flow. Myocardial blood flow values
were similar in the IGT group and the control group
(78 +6 vs 73 £ 13 ml - 100g™! - min™!, NS). The flow
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Table 1. Clinical and metabolic characteristics of the subjects

IGT subjects  Control
(n=06) subjects
(n=06)

Age (years) 50+2 50+1
BMI (kg/m?) 29 + 10 25+1
S-Glucose (mmol/1) 58+02° 48+0.2
S-Insulin (mU/1) 9.8 +£2.2° 40+03
P-Lactate (mmol/l) 0.7+0.1 0.6 £ 0.1
S-FFA (mmol/l) 0.60 + 0.03 0.50 + 0.04
S-Triglycerides (mmol/l) 1.1+£0.22 0.5+0.1
S-Cholesterol (mmol/l) 48+03 48+04
S-LDL-Cholesterol (mmol/l) 3102 3.0+£03
S-HDL-Cholesterol (mmol/l) 1.23+£0.13 1.45+0.12
Systolic blood pressure (mmHg) 133+ 32 120+ 5
Diastolic blood pressure (mmHg) 82 +2° 71+3
Heart rate (1/min) 632 57+4
Double product (mmHG x min™') 8400 + 500 6900 + 700

Data are means + SEM
2p <0.05
®p <0.01

results were only available for 4 of the IGT subjects as
PET data on two subjects was lost due to technical
problems.

Myocardial [ Clpalmitic  acid  kinetics. The
[''C]palmitic acid uptake indices were similar be-
tween the IGT group and the control group
(104 +0.5 vs 11.2 + 0.8 ml - 100g™" - min~!, NS). The
NEFA uptake indices were also similar between the
groups (5.7+0.6 vs 6.2 +0.3 umol - 100g™! - min!,
NS). There was no statistically significant difference
in radioactivity clearance half-times between the
groups (17.6 = 1.6 vs 19.5 + 2.3 min, respectively, NS)
(Fig.1). The NEFA uptake index correlated with the
blood flow in the pooled population (r=0.63,
p =0.04) but not in the groups taken separately. In
the covariance analysis with the rate—pressure-prod-
uct, blood flow, BMI and triglyceride concentration
as covariates the [!!C]palmitic acid and NEFA uptake
indices were similar between the groups.

Discussion

The present study showed that myocardial NEFA up-
take and f-oxidation especially are not significantly
altered in subjects with IGT in the fasting state. This
finding is in accordance with our previous
["FJFTHA PET study suggesting that myocardial
NEFA uptake is not changed in IGT [5] but this study
extends these findings to the oxidative metabolism.
Only a few studies have been carried out on myo-
cardial NEFA metabolism in Type II diabetic or IGT
subjects and the results have been controversial. My-
ocardial NEFA uptake has been observed to be re-
duced over 30% and f-oxidation over 50% in sub-
jects with IGT in a study with SPET and ['*I]JHDA.
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The defect was not detected, however, in patients
with Type II diabetes in that study [4]. The [**I]hep-
tadecanoic acid is known to be of limitated use for
the quantification of myocardial NEFA f-oxidation
when compared with [''C]palmitic acid [8] and those
limitations could have been the reason for the finding
of reduced myocardial NEFA uptake and -oxidation
in IGT in that study.

The rapid clearance half-times of both the IGT
group and the control group (17.6+1.6 and
19.5 + 2.3 min) were similar to previously measured
halftimes in healthy subjects (19.1 +3.2 min and
17.3 min + 0.6 min) [9, 10]. In previous studies, the
fraction of ["'C]palmitic acid rapidly oxidized and
the fraction going to other intracellular lipid pools
has been estimated. The myocardial ''C-activity
curve was also biexponential in this study, but the
fraction of ["'C]palmitic acid going to other intracel-
lular lipid pools was not estimated due to limited
scanning time. Since neither NEFA oxidation nor to-
tal uptake changed, however, it can be indirectly esti-
mated that the incorporation of NEFA into triglycer-
ides is also unchanged in patients with IGT.

The ["'C]palmitic acid uptake indices obtained in
the present study were similar to the fractional uptake
of the other FFA tracer, ['"SF]JFTHA, observed in the
same subjects in the previous PET study ([!!C]palmitic
acid: 104+0.5 vs 112+ 0.8ml- 100g" - min,
[F]JFTHA: 11 +1 vs 10+ 1 ml- 100g™" - min~!, IGT
vs control group) [5]. Furthermore, the estimated
NEFA uptake indices obtained in this study were con-
cordant with the NEFA uptake values observed in our
previous study ([!!C]palmitic acid: 5.7 0.6 vs
6.2+ 0.3 umol - 100 g - min™!, ["®F]JFTHA: 5.6 + 0.4
v$ 5.2 + 0.4 umol - 100 ¢! - min™'). In addition, as can
be seen from the fact that substrate availability, an im-
portant factor for NEFA uptake, was similar in the
groups since myocardial perfusion and serum FFA
concentrations were similar in the groups. The results
of this study reflect, however, only the conditions of
subjects in the fasting state and at rest.

In conclusion, similar myocardial FFA $-oxidation
between the IGT group and control subjects in this
study argues against the hypothesis that altered FFA
metabolism contributes to the deterioration of cardi-
ac functions frequently observed in patients with
Type 1I diabetes.
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