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5HEDESE. HEHEVGEE (2.0kp, 50rpm/min) ICEEL. 16:00 ~18:00 DR
K2 59MiThofkz, THHX8HEIK. ABEIVTA -4 —EHICESILELEES
=9 DK %16:00 ~18:00 DRIIC15~254H1T2> 7. O HEHDRBEAIC. EHEMEIC
EHFTEHERITOIBAEHAREITR-/=. OHEHOEEI. RALEITEDILEA
BE30C. BET5%ICHBLEREHASICTIT RS 72

2.,2. FR2 : Sy EAWVWEER

478 (E105 ~115¢) DSprague-Dawley%#S o F (HEZ L 7) 30mEERIC
FERALUE. AEEI07:00-19:00 1B E L. TORBEHEEMHEELE. 5y MXERNESE
B L. 09:00-11:00 &£17:00-19:00 1803 5 1 H 2 RflDmeal-feedingl WG S # 5 7=
., 28 FRATIHME L. ZOM. BEKmERR (CE-2; B2 V7)) 2#5x 1. &
2BMEARRBME L. K#r—JIBLTERRESATHELE. S b%. O
YhrO—)VRE. BERF. BIUTBERFOZE1I 0BT DILHITE. EERA (Table
2) OREEEE. JVPO-JVRT2%. EBERTO. 5%. BERT8% & Lk, £
BREPOREBEEDEVE V20— ADEMEILL VAR L . KIX2UBFMABICS X =
AEREMD4, THEXT10HEIL2UBHOREEERM LU= ZRE#H (1488)
M07:00-09:00 (W& 185RG8%) KT ARTDTy FEHEERLTRMOEZ L., mE %O
L=

2.,3. HtBEEREL T — 2 DNE
B, EEXCREFDOIRIINE. IXTHERKE S5 X<(ICP) BAHIETHEL
Jzo RERHIZRBATL O OEHRE. HIFICAWE. BREBRIEEM—ICL. KW
TREKELTHRICAW:=. MFEDEEKEL THRICHWE BB 2V 7F Vi,
WA -ETY VBBEICEVBIE L. Rfcyclic-AMP (cAMP) 1%, cAMPABIEF v ~
(Amershamtt) THHTL =,
IR IO HEI (absorption) & {7 H (retention) DEE RODFH B KR IcL - =,
Absorption =Intake—Fecal excretion
Absorption rate (%) =Absorption/Intake X100
Retention =Absorption—Urinary excretion

Retention rate (¥) =Retention/Absorption X100
3. BRkbLUEZ

3.,1. e FEAWVWEER (Exp.1)
BERBOT )Y LAORSPHERIL, EEAPOENLNTHE6EDEHERL
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(70.05), RBRICAIVY D AORPH#LEBEANT L6EOBEEE 5 L 7= (X0.05)

(Table 3) . ZOFERE. ZHhTTOHE (2,3,5,6 ) XL —BT3bDTH5H.
FTRBTHEAHEBREL2{F—0AE*BH Y, EE4L EESN0EERGED;E
WIREBENEDHTHoEOT, ANV IADRBHR LM BT, AEd
DOREEOEMINIBETES. ERUNDTOERLZOAFIL. BEAN L SEAD
TR AL EN 2o =0DT (Table 1). BEABRICL 2RI HIVY D AHEED#E D
i, mEXEBERRVERRTES. REZRTIR. AUDL, Yy, BXUTTRUn
LDORPHHEELIE LS. REGOREEORERAD L L I - .,

BvES (day S)EEREWVES (day DOARHROMBHI RS IVEE & HE%
#LJ= (Table 4), BRERBILEVESEARLEBOS. MBIV ILLYVOE
EAZEHICEATHENT 2 @@l do . BEABTETATOI RS IEEICES
DEZBUZEDSNGE - Tz, . EHHORME I RSIBELEEANM I BEETD
ZIBD LSRRI . '

SHEIITa- EHAEBXR T, SAOBREDS L. SAHVBEAMTT~4 2
%BEHHEHFMAEL Ao 28, MD2A. T~18%E<hot=. Thbb. HA
BHRIIHITOIREERED—E UERBIEZD Sk d- =,

3.,2. Sy bEHAWVWEER (Exp. 2)

ERUBOIRTIVOEBE P # Table 5 ISR LE, TRUDLAORBEFEEL.
REZEDTAEICHIELTHA . TRUDLDRN®E (Absorption rate)lt. (i
RETHO2HIVDDTMED - H. RE = (Retention rate)lt. BSEARTH
DEEIVEVMERIZH S /=,

FIWYTLDBRELERTEETIZLALYRALUTH- A, BHAOHESEE. S&
RETHROFEDE - IELBWERFLE(K0.05). ALV LAOBPBITTATOR
TRILUTH-T2DT. ANV LARERBUIEERBTHROZBIVLEEILE ik
(A0.05). hODEKRIL. REOEMEN. b5—EB2 AL L AV I ADRS
BHEAEMET 22 L e RBRLTHY . SEORBEENAEHERE*RETARBET L
RYDBEVIDHOEEG,) 2XFITHLOTHS. LHaL., avro—agsr
BEERBORPAIVY DU LBHEBITIIZN Mo T ANV LOR DR % BT 2
REERLVAJWERSMIITEZ A% GASBOMETH 5.

Do XV ILOBRNRERL, BEARTHO2ZBRIVYSEERLE. —F. Fh
HORERIE. BEANTRO2EIYIRVEHEERLEOT. AEDIRSIVEE
WMUERETOBAREER. BERFTA RIS -,

AVDLDRPYREEE. SEAFTHO2EBIVHTIIEEETLEN. HY
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D ARBICH T 5 ABENEOBEILN X o .

RBHHFP DTy FOBEDEMIBEAHTHO 2RIHARTHIMEHEETLE
(Table 8) .
BIFREBANVEEAINWY D LRB L2 ETRT 20, BIFREBRIVEVSAERICHES
THEERBPDAPEDMEMT B(T) . EBIL. BRPOILV7FZUH =Y DcAPEDH N
L. MPORIFREBEFAIIVEVBRED LR L OMICIEK. BVWHEBERID L L HBEZHL T
5(8) . ABIRICBVT. RicAMPEX, AEBEREDWME HICHITEBICH- 7=.
BIBESFORPIVFZF_VEMD 2O FALUENED, REVVFPFZUH
Y DCAHPERBERFBTHRUBWERICS- =, 3hbb,. FWRERIL. EEAR
BUCE D700 LAORBPEREDE ML, BIFKBRIVEVOERICKE LT HEMER
FI2bDTHD. EHIL. BEABBILIVBOIXSIWORTHESHML TS0
T. BEABRNUBROIRXSNBHERICH T AEEIREVEEL QS LAL, O
YEO—VRZERRHEOM T, RERADQIRSIHRIIELAEEDNS SN Do /-
DT, ANVYDLADBELRARIL. REDHIZ—FEULOBBRICE Y I RXSIVoRGHE
EIIEMTE2EDEEASNS,

BERBOAIVY I L, YVEXUTT TR AOMBPREE. FhooRbHHES
ERBLUTHDO2EIVDEEERLE (Table 6).

4. T&H

EFBEUTy PEAVEERT, BEROEREANY ILAORT R HAZES
CEAHRBEINE. Ty FEAVEERRILEY, BEARRANYILAOBRNE LTS X
WA RAAOHEEEETIZ L. FLTIORZICEPRERIVEYHFEELTY
BILMRRENEZ. Ty FTHE. BREABBICK YUY, TITRVIL, BXTHUY
LDERFPFELBRRABIUCIUHMLE, ULAL, AV rO—UEL BEEARDI RS
JVORBPHEIE, 1L ALY E 2> 0T, IXSVORDHRIE. AEOHZ—%
ELEOBBUCKVEEZ D Z e HARB I,
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Table 1. Exp.

1 : Characteristics of the subjects.

Subject number
Sex

Age (year)
Height (cm)

Weight (kg)

Initial day
Final day

Low-salt diet Initial day

Final day

High-salt diet Initial day

Final day

Blood pressure (day 9)

Low-salt diet

High-salt diet

Diastolic
Systolic
Diastolic

Systolic

21.4
174.0

69.0
68.

o
I+

69.
68.
68.
68.

o -1 O O

66
108
68
167

I+

H W

I+

H o+

I+

[ I e I

T

-3

@ © 0 o

I Meant SEM.
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Table Z. Exp. 2 : Composition of the diets for rats.

Diet for rats

Ingredient 0 s
Control diet Low—salt diet High-salt diet
( g/kg diet )

Corn starch 400.0 400.0 400.0
Sucrose 157.17 172.7 97.7
Casein 250.0 250.0 250.0
Soybean o0il 50.0 50.0 50.0
Cellulose 50.0 50.0 50.0
Vitamin mixture 12.5 12.5 12.5
Mineral mixture 79.8 64.8 139.8

( NaCl ) ( 20.0) ( 5.0) ( 80.0 )
Mineral ( % in mineral mixture )
NaCl 25.1 7.7 57.2
CaCoO; 29.3 36.1 16.7
KHz PO4 34.3 42.3 18. 6
MgS0, - TH2 O 10.0 12.3 5.7
CaHPO, - 2Hz O 0. 43 0.52 0. 24
Fe(CgHs07)<5H20 0.862 0.77 0.36
MnSO4 - Hy O 0.12 0.15 0. 07
ZnCl, 0.020 0.030 0.010
CuS0,4 - 5Hz 0 0.156 0.185 0.086
KI 0.0005 0.0008 0.0003
(NH4 ) s M07024 - 4H; 0 6.0025 0.0031 0.0014
NaSeO; « 5Hz O 0.0015 0.0018 0.00098
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Table 3. Exp. 1 : Urinary mineral excretion.

Low-salt diet High-salt diet

( n=5 ) - (n=5)
Urine volume (l/day) 1.06 = 0.08! i.14 = 0.06
Na (mg/day) 971 £ 72 6471 + 352*
Ca (mg/day) 102 = 7 150 *x 13%*
P (mg/day) 965 = 28 8903 = 41
Mg (mg/day) 94 * 4 96 * 4
K (mg/day) 2188 = 122 1988 = 47

1 yglues (meant SEM) are urine volume and its mineral
contents in a day. Urine was collected from day 3 through

day 9 in each experimental diet period. ¥ P{0.05
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Table 4. Exp. 1 : Serum mineral concentration.

Mineral Before exercise After exercise

(n=5) {(n=5)

{ Day 5 : moderate exercise >

Low-salt diet

Na (mg/ml) 2.8 * 0.2 2.6 £ 0.1
Ca (pg/ml) 72.8 * 6.8 69.9 = 3.7
P (ng/ml) 98.8 = 9.8 94.3 *+ 4.4
Mg (ug/ml) 15.1 * 1.3 14.3 = 0.8
K (ug/ml) 156.8 * 15.1 133.1 £ 14.9
High-salt diet
Na (mg/ml) 2.9 £ 0.2 2.6 + 0.2
Ca (pg/ml) 73.2 £ 5.3 62.2. £ 4.4
P (pg/ml) .97.6 * 10.5 7.8 = 8.1
Mg (ug/ml) 15.3 + 1.4 12.0 * 0.9
K  (pg/ml) 158.4 * 15.2 124.7 + 17.8
( Day 9 : exhaustive exercise >
Low-salt diet
Na (mg/ml) 2.9 = 0.2 2.6 £ 0.2
Ca (pg/ml) 77.5 £ 7.0 86.0 = 6.5
P (ng/ml) 897.86 = 10.1 118.2 = 8.8
Mg  (ug/ml) 18.2 + 2.0 17.3 = 1.4
K (ug/ml) 170.1 = 10.4 184.4 = 10.9
High-salt diet
Na (mg/ml) 2.8 £ 0.1 3.0 = 0.0
Ca (pg/ml) 73.9 = 4.1 91.1 + 4. 5%
P (ng/ml) 87.7 * 3.2 118.0 *= 4.9*
Mg (ug/ml) 15.0 £ 0.8 17.5 £ 1.2
K (ug/ml) 188.9 = 13.8 180.5 * 8.8

* PC0.05 between before and after exercise.
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Table 5. _ Exp. 2 : Mineral intake and excretion in rats.

Control Low-salt diet High-salt diet

(n=10) (n=10) (n=10)
Na
Intake (mg/day) 142.1+1.9% °35.3x0.5° 573.7% 8.6°
Fecal excretion (mg/day) 3.4%+ 0. 2° 2.2+ 0.2° 3.6+ 0. 4°*
Urinary excretion (mg/day) 122.4+ 3.5° 28.0+ 0.7 530.2* 10.0°
Absorption (mg/day) 138.7+ 2. 0% 33.1*+ 0.6 570.1%* 8.7°¢
Retention (mg/day) 16.3+ 3.3° 5.1% 0.8° 39.9+ 6. 4°
Absorption rate (%) 97.6%x 0. 2° 93.6+ 0.5° 99.4+ 0.1°
Retention rate (%) 11.7+ 2. 4 14.9%£ 2.2 7.0+ 1.1
Ca
Intake (mg/day) 171.5+ 1.3 170.1%x 2.5 173.2+ 2.6
Fecal excretion (mg/day) 103.4*+ 2.4 102.3+ 3.3 106.1* 3.0
Urinary excretion (mg/day) 0.7+ 0.1° 0.6%x0.1° 5.7+ 0.4°
Absorption (mg/day) 68.1*+ 3.0 67.8+ 3.4 67.1%x 3.4
Retention (mg/day) 67.4+ 3.0 67.2+ 3.4 61.4%+ 3.3
Absorption rate (%) 39.5*x 1.5 39.8+ 1.8 38.6%+ 1.7
Retention rate (%) 898.9* 0.1°* 99.0+ 0. 1% 90.8+ 0.9°
P
Intake (mg/day) 128. 7+ 1.7 127.6+ 1.9 130.0* 2.0
Fecal excretion (mg/day) 58. 7%= 1. 3% 58.2*+2.1° 45.9+ 1.5°
Urinary excretion (mg/day) 45.1+ 1.6° 41.8+1.2% 66.6+ 2.0°
Absorption (mg/day) 70.0* 2. 0° 69.4+ 2.3° 84.1+ 2.2°
Retention (mg/day) 24.9+ 2. 4° 27.6%x 2.12 17.5+ 1.9°
Absorption rate (%) 54.2+ 1.1° 54.4+ 1.6° 64.6+ 1.2°
Retention rate (%) 34.0*+ 3.1° 38.5+x 2.1* 20.1+ 2.4°
Mg
Intake (mg/day) 14.3+ 0.1 14.2+ 0.2 14.5+ 0.2
Fecal excretion (mg/day) 9.1* 0. 8.8+ 0.3 7.7 0.2
Urinary excretion (mg/day) 2.1%+.0.3° 1.9+ 0. 2° 5.3+ 0.1°
Absorption (mg/day) 5.3+ 0. 3° 5.4+ 0. 3°® 6.8+ 0.3°
Retention (mg/day) 3.1%x0.4° 3.6+ 0.4°= 1.5+ 0.2°
Absorption rate (%) 36.5+ 1.5 38.1%x 2.0° 46.7*+ 1.5°
Retention rate (%) 54.1*x 6.5° 62.9+ 5.52 18.4+ 3.5°
K
Intake (mg/day) 142.1+ 0.9 140.9%+ 2.1 143.5*% 2.2
Fecal excretion (mg/day) 1.7+ 0.22'® 2.4%*0.3" 1.5* 0. 2°
Urinary excretion (mg/day) 58.7x1.7* 59.1*+1.0° 64.3% 1.3°
Absorption (mg/day) 140.4+ 1.9 138.5+ 2.2 142.0%x 2.2
Retention (mg/day) 81.7+ 1.8 79.2+ 1.7 77.7x 1.7
Absorption rate (%) 98.8+ 0.12'> 98.2+ 0. 2" 99.0%£ 0.2
Retention rate (%) 57.8*x 1.1° 56.8+ 0.62'°" 54.6%+ 0.7°

Values (means=* SEM) are mineral intake and excretion in a day.
Means not followed by the same letter are significantly different
(P<0.05).
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Table 6. Exp. 2 : Body weight, urinary creatinine and c-AMP, and
serum mineral concentrations in rats fed the control,

low-salt or high-salt diet.

Control Low-salt diet High-salt diet
(n=10) (n=10) (n=10)
Body weight (g)
Initial 197 = 197 = 1 195 =*
Final 286 = 4 280 = 3 271 %=

Urinary creatinine (mg/d)

(day 10) 9.2 = 0.3 9.5 = 0.2 7.3 = 0.6
Urinary c—AMP (nmol/d)
(day 10) 139 = 8 126 = 8 151 = 6

Serum mineral concentration

Na (mg/ml) 2.3 + 0.0° 2.5 = 0.0° 2.6 = 0.0°
Ca (ug/ml) 106 = 1° 105 = 1° 96 + 1°
P (ug/ml) 156 + 32 161 = 3° 135 = 3°
Mg (pg/ml) 18.6 = 0.3° 18.7 = 0.3° 14.6 = 0.5°
K (ng/ml) 121 * 4° 102 + 2° 110 = 32r°®

Values are meansz=* SEM. Means not followed by the same letter are

significantly different (FP<0.05).
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EFFECT OF HIGH SODIUM INTAKE ON THE CALCIUM METABOLISM

Masashige Suzuki, Yoshiharu Shimomura, Shinichi Saitoh,
and Yoshikazu Totsuka
Laboratory of Biochemistry of Exercise and Nutrition,
Institute of Health and Sport Sciences
University of Tsukuba

Summary

Effect of sodium intake on the metabolism of calcium
and other minerals has been studied in men and rats. In the
human study (Exp. 1), subjects were fed the experimental diet
including 4 or 20 g of NaCl a day for 9 days for each diet.
The high-salt diet intake resulted in elevation of urinary
excretion of sodium and calcium, but had almost no effect on
the blood pressure and serum mineral concentrations. Since all
the subjects were fed the same diet, the increased calcium
excretion was ascribed to the increased salt intake. Endurance
performance was not affected by the high salt intake. 1In the
animal study (Exp. 2), rats were divided into three diet
groups; control (2% NaCl) diet, low-salt (0.5% NaCl) diet, and
high-salt (8% NaCl) diet groups. Each group of rats were fed
the corresponding diet for 14 days. During the experimental
period, urine and feces were collected and mineral absorption
and retention were calculated. On the final day of the
experiment, rats were killed to obtain serum. Urinary
excretion of sodium, calcium, phosphorus, and potassium were
higher in the high-salt diet group of rats than in the control
and low-salt diet groups. The retention rates of calcium,
phosphorus, and magnesium were significantly lower in the high-
salt diet group of rats than in the other two groups. However,
there was no difference in the urinary excretion and retention
rates between control and low-salt diet groups, suggesting that
excess salt intake beyond the certain amount promotes urinary
mineral excretion.
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