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EHHrr—=rvsiclsMBEBEOEMBE NaDBEFEEZHSMIZT 2ENT,
ANISBESEHN (KBE20C, HMTEBE20%) KT620REFREHKRE (FE60-
80kg) KWHEE VI A -5 itk 2WEES (Voensx 35-95%) ZHME Lo T D
%, BHE300BE->THL S0 455D HEEKZ20.8-1.0 vorr 5BX, KSESIHEHOD
EEAMBEHEMEOMEIC BV TRIFL . BHKTHER. MEREE (Posn)
R EBE IS ~#20 nOsn/kg HeOE R L. EHE T %305 T 4 nOsn/kgH20D & E
AR L7e BEKEBERICE > T302LUKNICPosnd EFHRIMEICER L 2o M Na
B ([Na*1p)ZE{biZPosm& Z XA 4T L. EHETEM ITE 10 nEq/kgH20LF L.
HEHH%IL3.5 nEa/ kgl A HFIEICLEFEERL o EHED Posnd EF D60
%, EHZTIRINNNa"lpD LR THHET & 2, MPEPCILEEOHEME L EFHE
12 2.5nBq/kg H20T [Na*lpDO WM E D 20-30%Ic@ &9, Ti®%k. EFHFECERFL
foo MAEPILEMA 4 BB [Lac™Ipd @B TH 10 nEa/kegH20 0 L. &% TH&E
B Eiic . 3 nEq/kgl20D EE %R L. [Natlp& [Lac-lpHERBFHSICEVE
WIEAEB(r = 0.892) %R Lo —H. BERBRA 4 YIRE [HC0s ]pld [Lac lp& [
BERBES-LITEW, HVWEEBEMER(C = -0.988) %R Lo THDHB. [Lac ]pD
Bk [(HCOs JpDE T2 0 & T L. [Lac lpDPosnd Mt 4+ 2 ELkD F5E
BEBHETINCBE RV, > T, EHic &2 [Na*lpo MO ELHRE & L T
BEEHHmPOELAENDIABBPIREA~NTAL, B4 4 v ThH 3 [Lac’]p0 LR ZE O
EBIL.BAAYTHEIN' A YOREN~DETHHHHE LD EZELDS
N3, —H. MBPABHTAR - VE Y (AVP) & Posmid X ( HHBI L. BEKERIC & -
TEBMBERIHEER L 7o |

Do RIZEHICL 2PosndD LH RAVPAWMERIBM L., GHNOEXKNTEZE
fRELTmMEEHEMICEH A, SO [(Na"lpDEREIEM 3 Posnd L FICEE
THBHIENBIFHS»MITE - T,






15, Eg) b L— = VT2 L B MEEIRNHIRICHIT 2 BRI DEE] (No8915)
AR A GEBMLERAT

1. A

Hr I /E. BABREIERE (V0ewe LOER (BV), $ICmIEE (PV) O
MicEE cEWHNOB AL ARDEY, —H, BMICIELT 5 & ik & A0
mL'e, BREFELPHMOAMSSOSERMRIENBIDRELZ2BTY, Zhb6d
BEZEMELSEANBOESIRICXXAROSZZLARLT WS,

B, Nosen* 'O [IWEREICICCOMBET2RM,. 40X V0enex OEBM AR % T
W, BEO-INCHYTIRAEBILEDL, KEKEEIZ0.45XDAE KA
BICHER R, ZO&R. SEKERE CIIB kB 8% KEKEREIC KN
HECPVHLERLE, COZLRIBAREERIC. E20KFENTEL THEEH
ML, BVOERICMELTWAZ LA RMLTW, UL, ChbOWARIRX
EMRAPLALEHR FLADVEARBICABHEILAEZBEORBTH> . B X b
LADAHIE 2BVOMMEEICHT 2MERFRELD 20,

AMETE. BRZEETQICOTEAHRRERBICHY Y 2 E8) £ ERKMT
SEBAOAEIE L Mg RS MEEOME 12D W KA L E

2. BAAE

2.1. EERMmMBEEOHFE

12 EOREBHERE (EER 27 & SHER 19 - 316 & THHE
68.4 kg, fAEMEE 60.0 - 77.5 kg) IZDOW T EHRMIKE % Evans-Blue, '°'I-
Human-Serum-Albumin, @ dilutioni# %28t L Tk 7~, BHOBEEIZMIEE &
AT Yy ME (GRIKE) PHEEHL EZ'S, '
2.2. EFPAEEBTO -
LTHHEZ2RELABRBEONS>S 6 BlconwT. ADEBHERET-> A &
BREOEENME Table 1 2R T,
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Table 1. Physical Characteristics (n=8)

Body wt.(kg) A4ge (yr) ‘BV(ml/kg) PV(ml/kg) VO0eaa.(ml/kg/min)

Hean 69.5 24.8 12.4 41.0 52.7
Range 60.3 - 77.5 19 - 36 57.0 - 83.9 33.3 - 48.7 44.7 - 63.2

EBRUH. BERERTH IRBICKRZEL., RRBEMELZTW. ENVDOAESE
Aa¥, [E20°C, HAEE2CHRELAATIRBRETICAZTEI 2, KICH B R
SRy —#2WAL, ECC HOERBEZU>E2OS, B2 T60 cycle/aind
BETHRBREINIA - -2 20¢,. TOMOIKEAE RERIVRXELE
BRHEELZERMELE EBHEHE ke 63kpETIEITME T, 3.5kpld
ETEH2OMBTZERENO.SkpgDHEMESE., TN I A -5 — DEEEEG60
cycle/miniC BB 2 < 22 ETHIV YR, BRBREOBAEDAMERS. 5-
5.0kpDEEH T H » o
2.3. BEKEBEEERTO b

2.2 DEESBERZAEEREBICOWT, EUHEDICHR BEMEEZTW. =
BO20° OMBTEMICTI0 FME#A L H6E 2% 800m]l - 1000sl @ 0.45%
AEKEI SEPTTEREE A, 20 90 SichbE->THEE mMH+E
BEZEAMELEER BREESE. BEMEERT- F.
2.4, MY TN e 2O HERHE

Mgy > 7V EEe. EEHEF (3.0-5.0kp. 95.2+ 2.6 % VO2max), EEET
%304, 805, 90 BIC{T- A, BRBEBIFH 10nlT, BWMEEHIC0.5nl%xE-
T, AT hZ Uy k(Hct), mEBEEBE (PPC, refractometry). ~E 7 OE Y
B (Hb, cyanomethemoglobinE)ZFE L. BV O 1.5l @B A B HZRIEL(GC)
L., METHBEEE(INa"]p, [K*]lp: flame photometry, Corning 480, [Cl-]p:
chloride titrator, Corning 925, [HC03 ]p: blood gas analyzer, Corning
178), M 4%i83E/F (Posm, freezing point depression, VogeDBU M S 7 ¥ —
B E ([Lac™]p, enzyme electrode,YSI model 2T)ZMEL 2. #HD D8 ul @
MABREEZBICFOREL ENa-EITADIE WL Y VTV F a—TCiEAL. WH
HLWUC)LEE MRS % -90°CO deep freezer (MDF190, SANYO)PNIC (R
L. #B. BFEKNLE v (ADH, AVP-RIA kit, Mitsubishi-Yuka- Co. Ltd.). I
% L = &% (PRA, Gamma-coat-renin-kit, Baxter):2MIEL 2, BEHMEEOE
ftitHet, Hb DE{LEPSEH LY, MEBEHE., 5 /75~ EEROLEPER
BRaZ2WEL T, nta/kg H0D B TRL 2,
2.5. gt
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F_yBElcboRWED, 8 EOTHELBREETERET. BEEORE
FEODELAEIT BT S - BES S ITE e Tukey ORDEEERERE AW,
59 OREBETRERBEAEANLEY,

I ZBMER

I BRI OKDINT VA
EBPOREELPS KNI v AEZKD B, EEHHETH -410L 80 8. ER
BTHE +110 £ 60 g TH-F, COZENBIBEBWMLARIBEAROHEIN PEAIC
FELAEZEIZR B,
BAMFEDEBEr ABREBARUMIRER

Fig. 1 12 V0enas BV RO PV OMFELZRT. MELCEWHAMBEISED., &
12 PV OB V0in-. OBMEFEZRIZEHEL T WS, V0o OFMICHT S
PVOFTIEAEMEENORD B EH0-700 THo I,
3.3, ;E?J}ﬂ%ﬁ'zz}ﬁ]m}\ﬁmi’!‘m)mﬁfié% JUMMBREEE

Fig.2 1721 Fo— A (eolumn 1), EFFF (cotumn 2). EBZICE R % (
column 3. AEKIFEWELG %, 305 (column 4). 60 9 (column 5). 90 4 (col-
umn ) 12O W T, kM HPY ZE(LEGPY). Posm, [Na‘lp, [K'lp ZRL. [ig.3
1z (C1-Jp. [Lac-Jp. [HCO- IpA 5 d, EEHEFIZIIPVIZEEHATIZRAMH2008 A U
EEIR 7200 DR EESAIOMITER L T D, RIEKERICK > TPVIZEH
BT W5 F U 2, Posm EEAT 2420 n0sm/kg H:0 LR L. EEH T2
105 T2 HAn0sn/ke N20@ M A 7L T b, RIEKFEREIOSLIAICESFEIC
EIR L =, [Na' lplkPosme FIFERMBO/N Y — Y& L, BEEEF THI0eEq/ke Ha0,
GEEN L T 230 T H) . 6mEq/ke H 0 FNFfEICIER ER LA, BIEKRKERICE ST
JOSLAA T ESAEICERL A, K et E#FK 1. TnEa/kg H0EF U AL &
i T RI0FHRIC jﬁﬁbﬂffél"fiﬁtfw& [Cl-lpo MBI E&SHFICIENZ.S
nEq/kg H-0 T [Na.lpo M D20-30%c@ X3, EHE TR TCEBAIEIC
Eiw L, AEKERIZE > TICH lp:rﬁmb‘fliﬁ 2 #~2-3uEq/kg 0K F L 7=
(Lac™ IplZ EE R4y 10nFa/kg .0 LH L. EE#E T 3093 T3Inka/kgl00 & % 1
L. BEKERICE> TEBRERMBKIOIEIZEDEEICER UL 2. [H00s ]p
2 llac Jpe HWHEERMA R LU %o

Fig.d ZEHEOMBEP A4 v BEELLERLTWS, 24 FVEEEL
(d{total jonsDiF. &4 v E{LEMEL TKkD ., dltotal ions]DZEALIIZE
EELTI(dPosm) L k¢ —F L 7=, X, Posndd ER OH60LA [NarJpDd ERIC L -
TwazZehbnd,

A. EENR RO SRR ITEEF QAL PRA Z L
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Fig.D IZffieh AN, PRA L~ &L 72, EEFICIZADNEEIEHIMED
#1605 LS L. PRAZL.BIE R L . EEIES T 2309 TADHR U PRAIZEB) AT [E 12 1
NHEBITEWHEEZ L -,

1. ZBEH

EHRFICOREEENEHEEITRTLILETA LRI AGNETET
H52", L, BEXFLREOEZRITH S (Na' [pOBRBEFRBFLEO
EHEOBERICOVWTERZBEN 2 Ve AMZRIZBEW T, 2O [NaJplk 7 EED
P =V Ik 2RBEMBEBEORMBEEO -D>THI2MBELTET 2ER
Brhe THIECSIVTF—-FHENLOEHAHB N L - VI HERFEVANINTOE
ELZHEMEI LI LORFE2ZHABEHEOE»GHELMNITT A LM TEL

BEHFTOEAF > DPosnERFICHTAFEELART A B &, dllac Jphtéy
70%. d[UCO="JpAt#7-60%. d(Cl - lpAs4520%. dIK*lpAs#910%,. dNa* [A' #9602 T &%
N, B %3098 TiddlLac ToAt#50%, d[HCO2~ JpA¥#9-40%. d{Na*lpAi#ye0%T
Hote —FH. dHCO:Jplcxtd Bdllac lp EIRHEE A KD B &, -0.76, 1 =
-0.9982 %20, % Zd[Na'lplcxt 3 5dHCOs JpD EMRHEE . -0.90, r= -0.997
D, WIThLERBEY -1 CEvwEWEHEMERL E, o T, EHE
BERTHONa lpoEMoOE2REE LT, E#HHI»LEE I NS Lactic
AcidPIREMRICH AL, TEROLI B{ILFERRFEID. BAF v Th 5 llac]
POLERIZE > THBAFT O THLINA A A VOREN~NDOBIMNHP I ELEDIC
fEreExHR 5,

[NallC03] + Lactic Acid — [Lac ] + Hz0 + [Na*] + €0z (gas)

HEHOPosn%E LA XL ZMOBHL LT, FAPSLOBEBHKORBENETH
Nd, UL, EFHFORITHICLZFERDIE0.4 kgT. ZOBEEOBRKICEK
S>THU BPosn®d EFIEE 2 1-1.5 n0sm /kg HeOTH BT &P, S HICEBET
B TICL IpP EHFBEICERLTWDIENH, BLACERTEZIEET
H5D, SHIZEBHHIZRBANICKBEEDNERL., Thrxilai» o ko %
BE#HIFIL0WOI ®ENHZ' Y, ZHFOICL IpO LFOEEIZ2.5nEq/kg H0
THHIENH., COKRGBHIZLANGCEBEDOLALEAADLDYE. BEELROD
F20-30% X MIBA DK BEHTHB T E 2, ZOFR., HFOKRA~AD Cl- 4 F v
D EE (chloride shift)id, MRTORBT ABEVBRRR OB ICKFREICH
RETLTWABZEPHHEBLT, BLAYRAHEERIZILEZ LN S,

LIED#ER NS, E&FOLactic Acid L 512, EEEO[HCO: JpDE D % 13
 [lLac lpOEHGOBREFELFRICHS T HEERNIT S 5. —H. [Lac” |p®D
iz NarjpO ERAEE, ChHPEHROBREELAOEEZIFRICRIEH
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A B

3R ADH L A L i Posud ZE 1L & & < ABBAL o — 5. PRAKES AT %R
FEBTBILER LA LD ST, HELSEATRL R, PRAD EREF M
LT, EEEORNREBORS M MOBSEIC L5 P MEDET e %
BEBOTE LB ER BN D, SR HPR. ADHO ERAER L &K, K
SHEBHRICHEL, COZEREHINL vV ANBEERENO—-EIZE -
TwBLEZ BN 5,

5. 4O RM

ME, B2 OBETIFZEMCEFRIIEXMEENENTEZIEERD. £O
BE e UTHMIZEAIOREITICH 20 MEIETISI2HBELTND
O, F 7. Claybaugh” 6 EHBHEE L EBBEBLCODWTHREREL BREEE
bzt AN WAEEILANAHER GHTHMEBEOZELMEID, ZhHEH
HMEICAITAREBRYMEIRIIMETHLE LTS, ARATEHEFOAITIZD
FIREFLLTOMBEEEETO LRABEINWP L B o F,

A% AMAOHZET TR TRBREANSDOT T u—F 2B 2V, BEETE
BELOMAIZBEWIHIRTLIRLEND D,
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Blood or Plasma vol. , ml / kg body wt.

Figure 1.

100 BV:y=1.12x+13.22
r=0.918

80 -

PV:y=0.67 x+5.70
r=0.824

20 y T . T :
40 50 60 70

VO2 max , mi/min kg body wt.
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Figure 2.
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Figure 3.
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Change in electrolyte conc. in plasma,
mEq / kg H20

Figure 4.

20
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d[Na+]

d[total ions]

d[Lac-]

d[HCO3]

dPosm
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ADH , pg/ml

PRA , ng/mi/r

Figure 5.

15 -
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FIGURE LEGENDS

Figure 1.
Relation between VO2max and blood volume or plasma volume.
Data from 12 subjects are plotted.
Figure 2.

Change in plasma volume (dPV), plasma osmolality (Posm),
sodium ([Na+]p), potassium ([K+]p) concentration in plasma are
shown. Columns,1, 2, 3, 4, 5, and 6 are pre-exercise, exercise
(95% of VO2max), 30 min after the exercise, 30 min, 60 min, and
90 min after the start of flﬁid intake, respectively. Data are
mean and SE from 6 subjects and *’'s denote significant

differences (p < 0.05).

Figure 3.
Chloride ([Cl-]p), lactate ([Lac-]p), bicarbonate ([HCO3-]p)

in plasma are shown. Legends are same as in Figure 2.

Figure 4.

Change in electrolyte concentrations in plasma at submaximum
intensity of exercise. Change in concentration of total ions is

identical to that in Posm.

Figure 5.

Arginine-vasopressin (ADH) and plasma renin activity (PRA)

are shown. Legends are same as in Figure 2.
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Role of salt intake in exercise-training. induced hypervolemia

Morimoto, T., Nose, H., Takamata, A., and Mack, G.W..

Department of Physiology Kyoto Prefectural University of Medicine.

We investigated the mechanisms of Na+ retention as a cause of
hypervolemia induced by exercise training. Six male volunteers
exercised with a cycle ergometer at 20 °C with relative humididy
of 20%. The exercise intensity was increased in a ramp manner
until subjects were exhausted. After the cessation of exercise,
subjects rested without any fluids in a thermoneutral condition ,
and then subjects drank 0.8-1.0 1 of 0.45% NaCl solution within
30 min. Plasma osmolality (Posm) increased by ~20 mOsm/kg H20 at
about 95% of maximum aerobic power of exercise (E), by ~4 mOsm/kg
H20 after 30min of rest (R), and returned to the control (C)
value within 30 min after the start of fluid intake (F.I.).
Change in sodium concentration in plasma ([Nalp) paralleled that
in Posm throughout an experiment and 60% of increase in Posm at E
and 90% of that after R was explained by the increase in [Nalp.
The increase in [Nalp showed high correlation with the increase
in [Lac-]p which explains the reétriction of Na+ movement from
the intravascular space. The change in ADH was well correlated
with change in Posm. F.I. increased PV by 5% more than in C
after 90 min of F.I.

These results suggest that the selective increase in [Nalp
during exercise stimulates ADH secretion, which may cause water

and Na+ conservation after exercise.
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