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Cardiomyocytes consist of multiple columns of mitochondria and myofibrils that run parallel to each
other across the entire length of the cells. Previous studies based on electron microscopy (EM) images
have revealed that this columnar mitochondrial organization can be significantly altered in diseases like
type I diabetes [1]. Mitochondria in cardiomyocytes affected by diabetes form large clusters and are
distributed non-uniformly across the cell. The aim of this study is to determine how these alterations
affect bioenergetics and contractile behavior of cardiomyocytes. A previously published finite element
(FE) model of cardiac bioenergetics, incorporating cross sectional EM images of cardiomyocytes, was
used to find answers to this question [2].

Tissue blocks were prepared from the left ventricular wall of 2 control and 2 STZ induced type I diabetic
Sprague Dawley rats. These blocks were imaged using two different EM techniques — 2 nanometer-
resolution TEM (transverse electron microscopy) of individual cross sections and 50 nanometer-
resolution SBFSEM (serial-block-face scanning electron microscopy) of complete or partial cell
volumes. A detailed description of the animal and imaging protocols are available in our previous
publications [3, 4]. The collected images were automatically segmented into mitochondrial and
myofibrillar regions using an image processing algorithm for SBFSEM images [3, 4]. 9 control and 9
diabetic 2D cross sections were randomly sampled from these image stacks to generate 2D FE meshes
consisting of mitochondrial and myofibrillar regions. An experimentally validated biophysical FE
model, describing mitochondrial respiration and myofibrillar ATP consumption, was simulated over
these spatially detailed FE meshes [2].

The FE simulations revealed that myofibrils in diabetic cell cross sections have larger concentration
gradients of metabolites such as ATP and ADP when compared to control cross sections. Fig.1 shows
the results from two representative TEM cross sections. It is evident from Fig.1 that concentration of
ATP and ADP are nearly uniform across the control cell cross section. In contrast, myofibril areas of the
diabetic cell cross section have different ATP and ADP concentrations depending on the proximity of
mitochondria. When all 18 cross sections were considered, the average of interquartile ranges (IQR) of
ADP/ATP distribution in the diabetic cells was ~20% higher than that in the control cells. These
concentration gradients are a consequence of mitochondrial clustering and heterogenous arrangement of
mitochondria in diabetic cells. The non-uniform concentrations of ATP and ADP also resulted in a non-
uniform distribution of myofibrillar ATP hydrolysis rate across the diabetic cell cross sections (Fig.1).
IQRs of ATP hydrolysis rate distributions, normalized by corresponding cell cross section sizes, were
~74% higher in the diabetic cells.
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These findings suggest that heterogenous mitochondrial distribution in diabetic cells can lead to a
heterogenous metabolic landscape. Since ATP hydrolysis rate in myofibrils correlates with the speed of
muscle shortening, different parts of diabetic cells might contract at different rate, which can decrease
the energetic efficiency of the cells and damage the cell structure.
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Figure 1. Arrangement of mitochondria is irregular in the type I diabetic cardiac cell. As a result,
compared to the control cross section, ATP and ADP are distributed more non-uniformly in the diabetic
cross section. The diabetic cross section also shows large variation in the consumption rate of ATP.
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