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The Change of the Urine Composition and the Heart Rate

in Runninng Exercise

Tadashi TSUJI

In this study, the present author applied the test of five-minute running exercise on a tread-
mill at an incline of 0% to 6 healthy male nonathletes aged between 20 and 23 and examined
changes of their heart rates and renal functions, especially their urinary excretion of acid, in
order to investigate an indicator of the work load in endurance exercise.

In this experiment, it was observed that the urinary output of titratable acidity and ammonia
increased in proportion with decrease of the urine pH as the speed of running increased and that
urinary output had an inverse correlation with the Na excretion in urine. It is presumed that the
ammonia and acid in urine are excreted from the tubular cells in the ionic exchange for sodium
ion and are controlled by the adrenal cortical hormones.

At the same time, the measured rate of titratable acidity to the ammonia in urine had an
inverse correlation with the urine pH. Therefore, it is presumed that the excretion from the
kidney in form of ammonium salt is partly maintained by diffusion mechanism.

And it was observed that the formation of acid urine and the excretion of ammonia were
remarkable in the heart rate of over 170 beats per minute during the running exercise.

According to this results, the author concluded that the heart rate of 170 beats per minute

played an important role in the work load of five-minute endurance exercise.
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Fig. 2 Hourly change of heart rate in five-minute running on a treadmill
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Table 1 Change of heart rate in relation to running speed on a
treadmill  (Five-minute running at an incline of 0%)

Running speed on a treadmill

r .
120 140 160 180 200
Max. H. R. during exercise 129.5 151.0 160.7 171.0 173.2
(beats/min.) +13.1 +£8.0 £7.9 £7.1 +6.9
Max. H. R, (min, —max.) 107 — 141~ 149~ 161— 163~
(beats/min.) 140 162 169 179 183
Recovery rate of H. R. in 85.7 80.2 75.7 67.2 61.2
2 min. of recovery (%) +8.6 +13.4  +£13.5 +9.8 +8.7

Running speed on a treadmill

220 240 260 280 300

Max. H. R. during exercise 178.0 180.5 182.6 185.6 188.2
(beats/min.) +6.4 +6.8 +4.4 +3.3 +2.4

Max. H. R. (min. —max.) 171— 174~ 178~ 182— 185~
(beats/min.) 187 191 188 191 192
Recovery rate of H. R, in 60.3 55.6 51.7 47.7 44.4
2 min. of recovery +7.9 +6.3 5.3 7.1 +2.3

Values are the mean 1 S.D. of six subjects.
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Fig. 3 Change of urinary excretion of titratable acidity, ammonia, and urine pH in

running exercises with different intensities

Table 2 Change of urinary excretion of titratable acidity, ammonia, and urine pH with different

intensities

in running exercises

Running speed on a teeadmill

12’0 140 160 180 200 220 240 260 280 3\0()
Urine flow (ml/min.)
1 1.17 0.79 1.08 0.99 0.97 1.00 1.09 0.81 0.61 1.26
+0.44 +0.21 +0.54 +0.65 £0.27 +0.34 +0.45 +0.10 +0.09 20.66
2 1.23 0.92 1.35 0.93 0.78 1.48 1.01 1.27 1.34 1.53
+0.28 +0.21 +0.84 +0.57 +0.17 +1.05 +0.21 +0.62 +0.56 +0.62
3 0.91 0.74 0.98 0.76 0.84 1.17 0.84 0.58 0.52 0.78
+0.22 +0.13 +0.22 +0.21 +0.16 +0.62 +0.34 +0.09 +0.01 +0.23
Urine pH
1 6.96 6.61 6.92 6.96 6.89 7.07 6.85 6.76 6.84 6.98
+2.03 +0.50 +1.05 +0.74 +0.80 +0.52 +0.86 +0.69 +0.29 +0.73
2 6.85 6.41 6.48 6.50 6.08 6.10*** 5.60*° 5.38*** 5.15°**  5.10°°"
+0.61 +0.53 +0.79 +0.77 +0.61 +0.10 +0.43 +0.18 +0.15 +0.12
3 6.73 6.79 6.50 6.95 6.70 6.33" 6.15%**  6.00* 5.36***  5.10***
=0.70 +0.43 +0.71 +0.85 £0.72 +0.47 +0.61 +0.70 +0.14 =0.07
Titratable acidity {(uEq/min.)
1 0.8 5.9 8.2 6.3 5.4 2.5 6.3 7.3 16.9 1.8
+1.9 +4.5 +9.5 +5.4 +8.2 +2.3 +7.8 7.6 1.9 +6.7
5 5.7 9.4 10.4 10.5 13.2 16.7 24.8**%  32.2°°"  54.9*° 46,1
- +4.0 +9.5 +6.1 8.1 +10.7 +7.7 +13.1 +18.0 +18.0 +12.7
3 6.4 7.7 10.7 9.1 9.1 10.9 16.0* 22.7° 45.5%* 43.3°**
6.2 +9.6 +9.6 +8.4 +9.8 +5.8 +9.6 +16.9 +11.6 +9.0
Ammonia (uEq/min.)
1 16.0 24.9 24.7 32.1 24.3 18.9 22.2 21.9 19.5 27.3
+5.8 +6.8 +10.3 +3.3 +12.1 +4.3 +5.1 +6.0 +4.1 +10.4
9 ‘22.1 28.1 32.0 31.1 34.2 36.4°° 39.1°" 39.6° 40,9 B52.6*"*
5.9 +6.3 +7.6 +4.9 +7.2 +7.4 +7.6 +16.7 +4.5 +13.7
3 21.4 25.7 29.5 22.5 27.4 31.5%** 32.6°° 35.3* 37.5 48.3"""
+5.8 +6.6 +6.9 +7.8 +9.2 +5.5 +7.6 +13.1 +6.5 +12.9

Values are the mean & S.D. of six subjects. Numbers indicate urine sample of three
+xx: p<0.0001

45 min. daration

*: p<<0.05,

*+: p<0.01,
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Fig. 7 Relation of urinary excretion between
17-hydroxycorticorsteroids, sodium and
titratable acidity and ammonia in running
exercises with different intensities
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Fig. 8 Relation of maximum heart rate in five-
minute running at different speeds to urinary
excretion of titratable acidity plus ammonia,

17-hydroxycorticorsteroids, sodium, and urine
pH
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