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Fig. 1 Exercise protocol
Exercise :
Hand grip exercise (grip length: 2.5 cm)
Contraction frequency :
1 contraction every 3 seconds
MVC:
Maximum voluntary contraction force
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Table 1 Characteristics of the subjects in each group.

Tennis player Weight lifter Control
Age (yrs) 19.9+0.2 20.4+0.3 20.0£0.4
Body height (cm) 170.8+1.3 167.6+1.9 169.9+1.6
Body weight (kg) 64.1+1.5 78.61+6.0 63.0£2.4
Forearm circumference (cm) 26.6+0.4 28.6+0.7 24.84+0.4
MVC (kg) 54.6+1.9 58.5+2.3 49.0£2.0

MVC : Maximum voluntary contraction force

Values are average+SE.
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Fig. 2 *'P magnetic resonance spectra
acquired during rest and hand grip
exercise.

Pi : Inorganic phosphate
PCr : Phosphocreatine
B-ATP : f-Adenosine triphosphate
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Fig 4 Single and double Pi peak spectra
acquired from forearm muscles at 35% MVC
(maximum voluntary contraction force).
Sub.A : Tennis player
Sub.B : Normal male
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Table 2 Intracellular pH value calculated from chemical shift of single Pi
peak and double split Pi peaks.
Values are either average+SE or actual values.

Pi peak type High pH Low pH
Tennis player Single (n=28) 6.95+0.03 —
Single (n=6) 6.85+0.05 —_—
Weight lifter Double (Sub.: W,) 7.11 6.30
Double (Sub.: Wg) 7.09 6.22
Single (Sub.: C, 6.73 —
Control Single (Sub.: Cp) 6.88 —
Double (n=6) 6.95+0.05 6.40+0.06
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Fig. 5 Changes in intracellular pH during grad-
ed grip exercise.
Values are average+SE.
MVC : Maximum voluntary contraction force
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Fig. 6 Changes in H,PO,~
exercise.
Values are average+SE.
H,PO,™ : Diprotonated phosphate
MVC : Maximum voluntary contraction force

during graded grip
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Energy Metabolism of Endurance- and Strength-Trained
Human Skeletal Muscles during Exercise Evaluated by
Phosphorus 31 Magnetic Resonance Spectroscopy (3'P-MRS)

Masasuke KUWAMORI

Department of Preventive Medicine and Public Health, Tokyo Medical College
Department of Health and Physical Education, School of Commerce, Meiji University

The purpose of this study was to clarify the characteristics of energy metabolism in endurance- and
strength-trained muscles. The subjects consisted of a group of 8 tennis players with endurance-trained
forearm muscles, a group of 8 weight lifters with strength-trained forearm muscles, and a group of 8
normal males who acted as the control group. Phosphorus 31 magnetic resonance Spectroscopy (21
P-MRS) was used to measure intracellular pH and energy metabolites in forearm muscles during rest
and graded grip exercises. The slope of exercise intensity versus Pi/PCr ratio, the indicator of muscle
oxidative capacity, was 599 and 15% higher in the tennis player group and weight lifter group
respectively when compared to the control group. At high exercise intensity, 6 of the 8 controls and 2 of
the 8 weight lifters showed double split Pi peaks, relating to recruitment of fatigable fast twitch fibers,
while all of the tennis players showed a single Pi peak. The pH drop and H,PO,~ increase, the muscle
fatigue factors, were the lowest in the tennis player group and were lower in the weight lifter group
compared to the control group. These results suggested that trained muscles, especially endurance-
trained muscles, possess higher oxidative capacity and less fatigue characteristics. In addition, the above
mentioned fatigue-related results explain why the endurance of athletes is higher than in normal
individuals. In conclusion, these results do not only contribute to the development of sports science but
should also be useful to develop adequate rehabilitation and exercise guidance during and after clinical
treatment as well as indirectly contribute to the diagnosis and treatment of patients with muscle diseases.

(Key words> Nuclear magnetic resonance, Exertion, Skeletal muscles, Energy metabolism, Sports.
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