Estimates of mitochondrial capacity derived from phosphocreatine recovery Kinetics in human calf and thigh muscle differ
systematically from published measurements using invasive methods
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Introduction. Analysis using *'P MRS of the kinetics of phosphocreatine (PCr) recovery provides information about muscle mitochondrial function
in vivo hard to obtain any other way. In analyses of PCr recovery as a linear system (/) its rate constant kpc, is approximately proportional to
‘mitochondrial capacity’ (Qumax, @ function of mitochondrial numbers, function and substrate/O, supply) (2), but the argument depends on
extrapolation to ‘complete’ PCr depletion, which is likely to be complicated by e.g. glycolytic pH change and vascular O, limitations. Another
approach is based on the roughly hyperbolic relationship of oxidative ATP synthesis rate (Q, =~ PCr resynthesis rate, V) to free [ADP] (calculated
from pH and [PCr] assuming the creatine kinase equilibrium), resembling that obtainable with mitochondria in vitro, consistent with [ADP] as a
feedback signal matching ATP supply to demand: Quax = V extrapolated to ‘infinite’ [ADP] (2). Such inference depends on the shape of the V-
[ADP] relationship, of which dynamic range considerations require a degree of cooperativity (Hill coefficient ny = 2) (3), consistent with results of
detailed kinetic simulation (4). Variability of these relationships with e.g. muscle, exercise mode and intensity, and their relations to other
mitochondrial measures, are relatively unexplored. Here we compare the V-[ADP] relationship and apparent Qyax in two muscles, quadriceps (vastus
lateralis) and calf (gastrocnemius/soleus), at two exercise intensities, and with estimates of Qyax inferred from some published measurements.

Methods. 11 healthy subjects aged 20-26 years were studied in a 3T Trio scanner (Siemens, Germany) using a 18 cm dual-tuned surface coil (Rapid
Biomedical, Germany) and purpose-built rigs for isometric plantar flexion and knee extension exercise, performed on separate occasions. After
resting acquisition (TR = 10 s), data were acquired with TR=2 s during 1 min rest, 3 min 60% maximal voluntary contraction force (MVC) exercise

(0.25 Hz, 50% duty cycle), 5 min recovery, 2 min 90% MVC exercise and 5
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As noted (20), AVD estimates are substantially greater than estimates from in
vitro data, perhaps due to ‘parallel activation’ mechanisms (22) missing in vitro. The origin of the similar discrepancy identified here may be similar,
i.e. in different degrees of activation of such mechanisms in different kinds of exercise. Alternatively interactions between O, supply and demand and
cellular PO, (6) may be complicated.
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