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The Effect of Physical Exercise on Mineral Metabolism

Masatoshi Suzuki, Tetsuzo TAKAHASHI and Shoji Funwara®

Daily excretion and circadian rthythm of minerals were studied with human subjects under
non-exercised and exercised condition. Four healthy well-trained male students took an experimental
diet which was constant both in quentity and quality for 10 days. The meal frequency was 2 meals a day
only on 9th and 10th day, and 3 meals a day on the other days. For two of the subjects 6th, 9th and
7th, 10th day were used as exercised and non-exercised day, respectively. For the other two subjects
7th, 10th and 6th, 9th were used as exercised and non-exercised day, respectively. The exercise was
given without breakfast, and lunch included the food for breakfast in the case of 2 meals a day. The
work load was 60 per cent of maximal oxygen uptake of each subjects. Thirty minites exercise with
Monark Bicycle Ergometer at the speed of 60 cycle/min. was given once a day in the morning.

The urine volume and Na, K, Ca, Mg and P in urine, feces, sweat and experimental diet were
determined. Urine collection was made 7 times a day, at 2 hours’ interval from 8:00 a.m. to 8:00 p.m.
and for 12 hours’ from 8:00 p.m. to 8:00 a.m. next morning to observe the circadian rhythm.

The results obtained are as follows; »

(1) The balance, daily intake minus daily excretion, was positive in Na, K, Mg and P, while was negative
in Ca.

(2) Na and K were mostly excreted in urine (Na; Cont. —92%, Exer. —89%, K; Cont. —86%, Exer.
—84%), while the excretion of Ca and Mg were relatively high in feces (Ca; Cont. —60%, Exer.
—58%, Mg; Cont. —63%, Exer. —60%). The excretion of P was considerably high in urin (Cont.
—73%, Exer. —71%), but was very low in sweat.

(3) Daily urinary excretion of Na, K, Ca and P tended to decrease on exercised day, while daily dermal
excretion of Na, K, Ca, Mg and P in sweat was remarkably increased on exercised day.

(4) Urine volume decreased from the morning to the afternoon and then increased until evening,
followed by decrease during sleeping. No significant effect by physical exercise was observed.

(5) Effect of physical exercise on circadian rhythm of the urinary excretion of minerals;

i)  As to the effect of feeding condition, the amounts of Ca and Mg in the urine were significantly

higher and that of K was lower in the morning, in the case of 3 meals a day than that of 2 meals
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a day, while that of P was almost the same,

Urinary Na excretion on both exercised and non-exercised day tended to decrease from the
morning to 4:00 p.m. under the feeding condition of 3 meals a day and to 2:00 p.m. under 2
meals a day, and then increased until evening. Physical exercise produced the lowered effect on
the urinary Na excretion, especially the effect was significant in the case of 2 meals a day.
Under all experimental conditions, urinary K excretion decreased until afternoon after teporary
increase and then remarkably increased until evening, followed by decrease during sleeping. No
significant effect by physical exercise was observed.

The level of urinary Ca excretion decreased from the morning to noon and then increased in the
case of 2 meals a day, though it continued to decrease in the case of 3 meals a day. Exercise
seemed to lower the urinary Ca excretion, however the effect was not significant, Urinary Ca
excretion was higher before 4:00 p.m. and lower after 4:00 p.m. in the case of 3 meals a day
than that of 2 meals a day. It may be due to the different feeding condition.

The level of urinary Mg excretion increased remarkably during sleeping under all conditions. No
significant effect by physical exercise was observed.

Urinary P excretion was tend to increase from the daytime to night, it was especially after

evening. No significant effect by physical exercise and feeding condition was observed.
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Table 1. Physical and physiological measurements of subjects

Sub Age Height Weight VO, max/kg 60%V0, max
' (yr.) (cm) (kg) (ml7kg/m1n,) (1/min.)

A 21 177 85 39.3 2.00

B 21 175 68 37.6 1.53

C 21 162 64 51.0 2.00

D 21 170 62 473 1.76
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Table 2. Experimental diet

Food Daily intake (g)
Rice 400 (300%)
Soda cracker 50
Milk 500 (150%*) ml
Dried egg 35
Powdered “Miso” 10
Fish sausage 50
“Kamaboko” 30
Potato 200
Onion 140
Carrot 30
Radish 30
“Takuan-zuke” 20
Soy sauce 20 ml
Soup 7.1
Margarine 20
Corn oil 19.9
Sugar 5
NaCl 5
Cookie
Corn starch 56
Sugar 28
Butter (non-salted) 24
B.P. 2
CM.C. 1.2
* : Subject C and D
#% . Subject C
B.P. : Baking powder

C.M.C: Carboxymethyl cellulose
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Table 3. Mineral balance

Excretion
Daily .
: Urine Feces Sweat Balance
intake (mean+SD) (mean+SD) (mean+SD) Total
Cont. 7.40+0.27 0.09+0.05 8.02 2.12
N 10.14 0.5320.21
a(e) Exer. 6.46+0.77 0.31+0.11 7.30 2.84
Cont. 2.52+0.14 0.05+0.03 2.94 0.28
K 3.22 .37+0.12
®  prer, 2.43£0.17 0.3720 0.100.04 2.90 0.32
c ) Cont. 438 143 + 45 269 + 108 37 +13 449 -11
AMe)  per, 132 + 45 : 66 + 18 467 —29
Me(me) Cont. o 72 £13 133 = 25 6+2 211 49
BUNE) pxer. 81+12 : 9:3 223 37
Cont. 1040+ 91 0.4+0.3 1425 149
P 5 385 £ 93
M) prer. 74 933 + 118 0503 1319 255
Table 4. Effect of feeding condition on the circadian rthythm of
urinary mineral excretion
Feeding Morning Afternoon Night
condition 8:00—12:00 12:00-20:00 20:00-8:00
3M. 13.88 12.18 12.21
N Eq/hr.
a  (mEa/hr) M. 12.54 12.71 12.92
3M. 2.64 2. 2.60
K (mEq/hr.) 6 o4
2M. 3.33 2.64 2.26
Ca ( . /hr) 3M. 9.8 5.0 5.1
m, .
: M. 5.7 5.4 5.8
3M. 3.5 2.3 3.7
M hr.
g (me/hr) M. 2.1 2.3 4.1
P (me/hr.) 3M. 15.4 32.3 53.7
m .
& M. 17.2 35.9 54.4
3M.: Case of 3 meals a day

2M.:
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Fig. 4 Circadian rhythm of urinary Na excretion
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Fig. 5 Circadian rhythm of urinary K excretion
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