Multi-scale modeling of time-course of muscle atrophy induced by Hindlimb Suspension Unloading
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Abstract

Altered muscle loading states due to space travel, detraining, bed rest, or immobilization can lead to many physiological changes at the whole-body, tissue/organ, and cellular levels. In this work, we present data on metabolic and physiological adaptations obtained with our experimental procedure as well as our theoretical approach aimed at the development and validation of a multi-scale model of the time course of the muscle adaptations to altered loading states.

Experimentally, the Hindlimb Suspension (HS) system is implemented in rat models with the goal of obtaining metabolite concentrations and enzyme activities that will enable us to build a multi-scale computational model for predicting structural, biochemical, and cellular changes that occur in the atrophied muscle due to unloading. Initial results show that, after 2 weeks of HS, the rat soleus “anti-gravity” muscle undergoes (i) structural changes, e.g. loss of ~40% of its mass; (ii) physiological changes, e.g. decreased maximum oxygen uptake and performance; (iii) metabolic changes, e.g. fuel shift towards greater glucose utilization (higher aerobic glycolysis) and lesser lipid oxidation associated with shifts in enzyme activities and substrate concentrations (e.g., increases in the activities of lactate dehydrogenase and hexokinase); (iv) cellular changes such as drastic remodeling of myosin heavy chain phenotype of muscle fibers.

The computational modeling component is developed in two complementary directions: first, a model linking external (macroscopic) to internal (cellular) respiration and metabolism is being developed and validated using experimental data collected from HS observations. This model incorporates oxygen data -VO2 and Myoglobin- and high energy phosphates -ATP, ADP, PCr, Pi- via ordinary differential equations and a sophisticated optimization method, namely the generalized reduced gradient (GRG2), for parameters estimation from experimental results. In parallel, a comprehensive computational model of skeletal muscle cellular metabolism and energetics is also being developed to integrate interactions at various scales and the extent to which single components of the multi-level system affect the whole metabolic network. While the designing concept and optimization approach are the same, in this case, 47 different species and 29 fluxes are considered.
