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Fig.1. View of the incremental load exercise device
(A) and scheme of the exercise form (B) used for
study.
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Fig.2. 3'P NMR spectra at rest, during incremental
load exercise (13min) and recovery (5 min) in one
subject. Pi, inorganic phosphate ; PCr, phospho-
creatine ; ATP, adenosine triphosphate.
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Table 1. Mean Value of Each Parameter at Rest and
the End of Exercise

rest end-exercise
Heart rate (beats/min) 74.8+4.4 124.6+22.1%*
RPE e 9.6+0.5
PCr/ (PCr+Pi) 0.90+0.02 0.16+0.07**
Intracellular pH 7.0240.07 6.44+0.14**
Blood lactate (mmol/1) 0.9+0.3 1.7+0.8

RPE, rate of perceived exertion (max=10) ;
PCr, phosphocreatine ; Pi, inorganic phosphate.
Values are means+SD. **P<0.01
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Development and Availability of an Incremental Load Exercise Device to Study
Energy Metabolism in the Human Quadriceps Muscle inside a MR Magnet
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To measure the energetics of human quadriceps muscle during exercise by phosphorus nuclear
magnetic resonance spectroscopy (*'P NMR), we developed a device which allows knee exten-
sion exercise to be performed with an incremental load inside a whole body MR magnet. All
parts of this device were made from nonmagnetic materials. Using this, five male volunteers
performed the exercise to exhaustion. Heart rate and rate of perceived exertion had markedly
increased at the end-exercise compared to those at rest. Moreover, the ratio of phosphocreatine
(PCr) to PCr+inorganic phosphate and intracellular pH decreased significantly (0.9040.02 to
0.16+0.07, P<0.01 and 7.02+0.07 to 6.44+0.14, P<0.01, respectively). Although there was no
difference between blood lactate concentration measured in samples from the median vein at end-
exercise and those drawn at rest, the concentration increased significantly to 3.1#+1.1mmol/l
during the recovery phase (P<0.05). Thus, the device in this study can induce local fatigue in
the quadriceps muscle and allows comparative energetics measurement by **P NMR and
respiratory response, or analysis of fiber type composition and enzyme activity determined by
biopsy technique.
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