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ABSTRACT

Not only the optimum prescription for prevention but also the
mechanism of the sports anemia which is induced during physical
training are still unclear.  Therefore, the current study was carried
out to investigate these questions. = Mild anemia was observed in elite

distance runners. The data suggest that hemolysis and iron deficiency



might be major causes of the anemia. In response to a single bout

of exhaustive exercise on a motor-driven treadmill, decrease in hapto-
globin and elevation of serum lactate dehydrogenase level (both H and
M subunits) were induced suggesting an occurrence of hemolysis.

Serum myoglobin also tended to increase. Hemoconcentration during
exercise was accompanied by a significant elevation of both platelet
and tissue plasminogen activator levels suggesting that both blood
coagulation and fibrinolysis were activated. Increased fibrinolysis,
which helps to reduce the vascular resistance, may be closely related to
data in the

current study may suggest that mild decrease in hemoglobin concent-

the training-induced hemodilution. In general, the

ration caused by training may not be the limiting factor of the work
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performance.

the decreased hemoglobin level

treatment, if necessary.
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But it is definitely important to examine the cause of

precisely and perform a suitable
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S DWBEICIZ, B 5 UHIER, ER, MKk
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W, AEESBLLOBEREER L. T ok
HOE RO, R1KRTRDITHS.
BEOD M —= YRS BEHI12RE &8

U7 REZElER (6 BRtE) 1c4y 10m! O Z#kkRsIM
BENHRIDER U, MEO—REBiC
EDTA Ab o HBECHE SN, MKEHIITE
B (F7=av, H-1) ickb Hb, 7RI

(RBC), ~= +7 Vv b (Het), SFERIMBRAERE
(MCV), Rk Hb & (MCH), S57R1m
3 Hb B (MCHC), ZhicH/NIBMSTE
Nl T—i23.8%7 = vBAD OEHEBEIC
X, BB A Dtissue plasminogen
activator (t-PA) #3Hl5E ¥ 7z (Enzyme Linked
Immuno Sorbent Assay). D QI FEEIC
BOSEEI N, MmERO# (TPTZ H:), 72
F v (RIAZHAE), WEHE (Biuret), »
Frrmey (A7=mx b)) -RUEET 7Y
VT EFVESKERE), (47 mE Y (RIA,
PEG k), fLEgRik%ZEsE (LDH, UV &),
LDH 74 Vv H# AL 08— (B —XT+F
— PREKWKEE), RUZ7VTF VA4 R2—2R
UV 35) Bl s nik.

Z D%, BE 20°C, BE 55X ICHMIINIA
TSRBEEICENTE Ly I v#E c k3 exhau-
stive exercise AL X1, HARBHEBIE(VO,
max) BHIE I N, FREREEOTSBHEN
BHoNBEIFHT R MRTIRD, EEA 3 E
OEOVHBED Ly FInvickd, B1ICRT X
I ILEBEMEE AN Lic. 37805, BFTIR
MLy FIOVEER 160m/min 50, A%
— b XY 64RIZ 24T &IT 20m/min 0N
LU, 632E»5 14 &I 20m/min 3D fnd
L7z. 104B5ICid 280m/min [E D, 10 4P
131432 &I 10m/min 372 jji# U C exhaustion

=1 ER1ICBY 2B S AN
4 B | B E | & E|BRABIERE
n () (cm) (kg) (ml/kg/min)
B-F 19 24.4+1.0 168.2+1.4 56.14+1.1 65.8+1.3
- 6 20.0+1.0 156.9+1.2 47.0*=1.1 56,7+2.7
¥ + SEM n : HaER
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122432 &ic 20m/min FOME L7z, 6402
B 5 132 &IC 10m/min F2ERLT, U
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DK EL 7 IR - Ny Jkicky, gt 2
SlE, BERISTECEELL. KEBICE
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0. kU CO, BEZNMTT 5 LILICTFRN 2EE
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) X vdkiice =42 — Uk, MEZ, &%
BFIC BT Riva-Rocei @ Ifil FEEF it hHIsEL
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LR OIS EBEE TV RRE-ERINT 2
HBEITR®D 2 EBRBEHI NI,

(1) WHETEE D o mREIR

7 =Y IRIEECET SNV BREANOYE
MEBICL 2ZELB I BRT 2cDic v
vy FIWEZEBRET v 4 — 2EBICEZ .
PRF L RS BT R RIS v — 64
T, BENEERZIR2IKRENG. HigE v
a2 — 2 —DEF R EERE 70rpm O—E & L,
10 £ PIWIC exhaustion (T d 5 X 5 i< 70 watts

HEHR p<0.05

g2 ER21TBU 2 BHERE O/

PN R
B G
(ml/kg/

min)

F
()

5 E
(em)

h E
(kg)

20.0:£0.6| 172.2%£1.9 | 60.9£1.7| 59.3:+1.9

Y £ SEM  n: BBEK
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FMREKEREELE LT, AWREZ 140 watts
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728, BERIHBRTT — 2 OB O NI BLI2Z1CD
WTHBE, Hb BEZEREL L BEMEY %
THEERBL Lo 20 TcHERI <

®3  ERLICHY DHRE O L BRI
Hb RBC Het | MCV | MCH | MCHC | ifivMg | STP B |7=VFV
(8/100ml)| (10*/mm®)} (%) &%) (rr) (%) | (10*/mm®)| (g/100ml)| (»g/100ml)| (ng/ml)

BF¥
¥

13.6£0.3
11.2%+0.5

427:+11 |36.6:+1.086.1+£1.131.9:0.4
364118 [20.7+1.4{82.2:-3.231.0+1.4

37.2%0.5 25.5%0.7] 6.8%0.1
37.7£0.5 30.0+3.4) 6.5£0.2

90.6+:10.4(40.3%+ 2.9
40.8+ 8.928.8:+11.7

¥ + SEM
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0.05) ER L (& 4).
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ICERHR TSI TICEREROTRICH - 1o iE
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KD Uiz (p<0.05). % 7ciMiEd LDH ik
HREKE COEEMETHY, fTh H, ()
ZATOTAVFA LPERHEZ X TEE
Th-7c (RH). ULLrd# LDH FEHE R
exhaustive exercise THC F&H Lz (p<0.01),
MR T4 Vv FA avg—vAaBR 5L, HM,
& M, BSEBRTICH U TEKR UL (p<0.05),
FEHE S REEEP RO 5 & Hy 24 7Y
188 75 228 units (Cabaud-Wrébleuski) jc
BLTHBY, RHEERIORD S OBBITRE
SN, BIOTFHEEEEKT 260 L Bbhi.
MBEHEBSER Lcd >—20ERNBHD» S Dk
WThs. HM; B XU M, 24 7O LDH 5
BBAERCER LY, 7V TF Va4 x—2{E

bERICEED (K5, p<0.05), BIHEHDL £
—IBHRI NG . MEMNCER TRV IME
itz o vRBELETAIMERICHD (FL),
ok FEAESMPICEREINEZ LG,
MEKBERERTIFEETHAS.

HEIRIR T -PA LNV BT 2 S, 248 E
HU, ¥t (£SEM) T 1.240.255 7.2+0.6
ng/m! L6 MEbEEL (R4, p<0.001).
BHL—AOWBRETIINESER L. BEME
LTINS DWREBEETHD, BEFHICHES
MIBEOm EARB I NI,

£ B 2

(1) kAR & miEERoBEF

HIRE T V= % — 2 B0 @ik, VO
WEBICEK U, DHEEIERBIRE 1 S
AR LRE Lk, VO, EBEBR UL S18/9%
—VTHEmMmUZ (B2). mEERo 2o fi
LIS BHREHEE E UTVO0imax (kT 3 XY
15 VO, ZHi. 20X 3 E#955% VOomax
b MrhILEAEEIC LR L (p<<0.01), 80~

F4 —BEOH N vy FIVECHES M B X a5 OEE)

g NFraevt] 347 aen t-PA?
(2g/100ml) (mg/100ml) (ng/ml) (ng/ml)
No. of pairs 12 10 18
E OB Hl 64.2-12.3 45.5+7.5 36.0+10.7 1.18+0.18
E O & 8&0; 6.3 40.5+6.5 45.5+14.0 7A;$Bﬂ8
SE¥g £ SEM % : p<0.05, ##% : p<0.001 (paired # test) -

R —BMHEDE N vy F LVERROIES CK XU LDH

L D H
CK
Total % Isozymes
au/i) ;
(Units) H, H.M H.M, HM; M,
No. of pairs 1 ST A B 9 9 9 9
O B 13135 456-+17 41.1+3.9 34.1+2.4 ) 22.9+1.7 1.4+0.2 0.440.1
* ok * *
O % 199455 570+18 40.0%+3.8 29.4+3.2 | 22.2+1.6 4.8+1.2 3.5641.2
Y + SEM % : p<0.05, %k : p<0.01 (paired ¢ test)

CK: 2 Vv7TFvYhA4Axr—2R

LDH : BBk EBER
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THEIN. EEEECEFAT 5 M/NMUIEBKE
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THEAL (R6), BREIICHEES 8-

EEAS. LbdL,

t-PA o2 ~vHh

LEREAERIUTHD, BAROERICEEL
TWAZ ERBEINT.
B R & IR OB £

50~63% VOimax KEEICKIET B OIHEZHE
BIak5avua—r3nNkENRET, 205
D% (B3) oslks

(2)

MM U7 EBhi,

3, VO: biziF—Eiciicni: (7). EBIE
W2 E DS MEA B EEIC LS LS, 20

£ WHAWEERET VI A — 2 EHHICRE S BEEIE (VO,)
B FIEIC T 2 MR Mm -pRERR 5 D ZEE)

S : [5 "
8 B 7 b i) rh
304y 604>
% VO,max| 7.3+0.2| 37.1+ 1.3| 55.7+ 1.9| 81.4+ 2.0 100 —— ——
¥k ekl sk skelesk skekok
B (mM)| 0.84+0.1 0.9%+ 0.1 1.2+ 0.1 2.1+ 0.2 9.0+ 1.2 5.1+ 0.4 2.6+ 0.2
% sk Kk sefesk
Hb (%) 0 — 0.6 0.4] + 0.1 0.8 + 2.6 1.3| + 6.8+ 1.3| — 2.7+ 0.7 | — 3.7+ 0.4
* *® Hek
Het (%) 0 — 0.7+ 0.6 + 1.1%* 0.8} + 3.2 1.0| + 8.7+ 1.3| — 2.6+ 0.7 | — 3.9+ 0.6
shekesk sk .
STP (%) 0 — 0.4% 2.0 + 1.4% 1.5| + 8.6+ 1.3| + 16.7+ 4.4/ — 0.8+ 2.5 | — 2.7+ 2.3
sk seskek
SW (%) 0 + 1.3+ 3.5 — 0.2% 2.9| —13.8%+ 1.8] — 22.84+ 4.9 + 1.5+ 4.5 + 5.8+ 4.8
* sk
AV (%) 0 + 2.1% 2.0| + 4.2+ 2.5 + 8.2+ 2.9] + 13.2+ 3.0| — 4.6+ 3.0| — 3.1*+ 2.6
* sk £
t-PA (%) 0 + 1.8+17.4| + 5.0%£12.3| +51.6-18.8| +147.7+21.0| +128.5+-43.9 | +44.9+29.1
Sty + SEM Hb: A"/ oy Het: ~= b7 Y w b
STP : myEREAE PW : fi#Eks
t-PA : tissue plasminogen activator
#:p<0.05 =% :p<0.01 w1 p<0.001 (paired ¢ test)
k1 —EAWEERIVT A —GEHICESBRERE (VO,) &
SEEFHMEICK 3 2 AR AT M R > D22
P ol =i
E OB By ;
2 & 5 4 10 4 15 4> 20 4
sekk Hoksk stk sk skoksk
VO, (Z/43) | 0.29:0.02 1.80:0.07 2.01+0.09 2.18%+0.07 | 2.13:0.08 2.07+0.06
* Ak sk £ *
A B (mM) 1.1+ 0.1 1.3 £0.2 2.3 +0.2 3.0 0.4 3.0 0.5 2.9 +0.5
* %
Hb (%) 0 ~1.7 1.4 | +3.2 1.0 | +4.2 =1.3 | +4.0 *=1.8 | +4.5 +2.2
kK sk * *
Hct (%) 0 +0.8 +0.7 | +2.3 £0.5 | +2.9 0.6 | +2.2 £0.8 | +2.2 +0.7
STP (%) 0 —0.9 +1.4 | —0.9 *1.9 | +2.4 1.9 | +2.8 +3.6 | +3.9 =2.3
* *
g (%) 0 +2.1 £2.0 | +4.2 +2.5 | +8.2 +2.9 | +13.2+3.0 | +8.4 3.9
ety &+ SEM Hb: ~E=s oy Het: ~<= b2 b STP : MEREHRE

% : p<0.05 #% ¢ p<0.01

sk 1 p<0.001 (paired ¢ test)
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WL, Hb 358X 1040 HICERIC LR UK
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LS X 57888 — v ERLEEBMBEREDE
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LIRS BOEEGGEETREL > . I/NMIHE
ZHb 2 E &0 Pl L5 EF—-VE R
L, 108X U153 HIZERICER L.

% -

B, br—=vrEBETTHAET Y — b -
EiEHES v+ —TORMPRE LTS C &M
SBRB T, AREIDBONIERITLS
&, #OEKRE LTREM, REZNITHEE SR
A D#ER, 50RO EEHE OE
RILEWICHBR LISRZOEFTHRRINI. &
7o, BEHIT R SN 2 M RAICPE S BRI KR T
MFEER O LA 2 &ET 27001, MHRGRO
%mmgémﬁ%W@tC%ﬂﬁﬁﬂﬁﬁén
- ‘

) —+35vF+—7tbo Hb, RBC, Het 12 &
BAHBE, BEAENEFRBOTRELZEM
Thote. #-T, br—=v7IKHESIEMIZ
b L —= VI BBRES D 510H < LD D
AL AEDTRIEZNWEEZ 5. BEREERD
SRR VEAcESRERSEC 20THY, 1H
iIC 1008°%, HBNTEBOEINEICMA THRE
1kg %7-0 2g /B OEFHEABIEED 28
b5 5. AMAEOEBRETCH /e ) -7V F
—7bOHEOXRBREHIMEL T, BERE
BIRbRATHZEEDONS L, MEFRICLS
CEAERZEBRONE DT,

UL, MESRRT7 =) F vBEE2RS &
FREBETHO, REZVBEETVBETLERHS
PTH5. BREZOFERE LTI, RfF~0 58
&, WL LTo®E, HHEREORT, TN
EBH~DOHNO AL DOHEKISENZELONS.

R~ DREEZ, FiRCHEBPSEAEOMmAF
~DBIICES SDOTH 2. ARATRSN/M
hAFr o VEDETRU Hy, 247 LDH
O R BAENERET 5.

Sanders & Bloor* {3, FEAr BB S NIcE W
12~24km %FE - Tty LDH FEHREDL S
hote EHE LTS, AR TREERSER
@ LDH #7EHEMEA ZHE LD 26 b H<1d-
fo. COXHREESRE (RBRERHZEER
W) DEVICEEHDLEEDNS. AT E TR
H, # 4 7 LDH & 1#51887» 5 228 unitsit# £,
DFE e BARGICHRT ATREME S H 505, E L
UCARMERD & Q@R EINS . i, DT
DTRHEH, LLLULERIC, "N ut ViE
BDETFTLTED, Py FIabETo exhaustive
exercise CIFMABE X DOREELIEDLNS.

X Hig, i% LDH 5 T1Z, exhaustive exercise
BMEA FHERL, Foftifids v 7 F A4
A—2RIA4A /v VES BINT S H I 5 -
. NS REBHHLLOBRKERETSZHDT
FE. JVTFVAAF—ZADERIIAFLZROD
BEICBRIEOE TN, 147 v YOl
i3, EERECS UEEREON B EHES
nNTWa. |

AW TH 5 N7z exhaustive exercise % DIfl
BEHBEO LRI, BFMCHES RMEkD» 5D Hb
FEEDH RN SR LI A/ o v RERKER
INTEdDEREDLNE. fE-> THEHEABKELL b
V==V TR TWAEIZ, WhWYwAIMRED
ABCTHb R IAS vy RRPICKI D
i, BIMRC $RENET S LR ING. &
FEAM N =V SIC OB R O34 mE
VO, Y S by u—n®, RURBEO % EH B
FROARMBREI NS DI, Mk T 58
FIHOBENED, TP MhHOETEZHEE
Rici2b0DEEZENS.

BE TRBETOFEICHD L T IMFAGO



RO S MBRESE C 2. ZOREIE
Tz >0 Tl EE L, MEELSLE
F U EROICHBEERESNFIINTLE ™.
Z CTEDORECAGRAMETHNE, EFdic
WBESEC 200k LTAHE. HEATEE
Bxovd 4 — x EEhic, Imdksao i
WEBEICKE LT Hb, RBC, Het R EDEE
T EF LI, #180% VOimax KETH -7z,
mpABO EREZTHh I SEATTEL S8,
ZOLEFERCOKEZBICETREZRL, £&K
BHERH 5 L~V LIS T U IR 13k
CHIRNWEHERING. LrL, BiEETEET
12 I 7 1 B0 A 5N IELE0~63% VO,
max EEOEFERRET S L, MK VO, B
FE—ETHREERICS T Hh BEO R
BFRBEGRBROOND LD, TORAT
RABBOEELTH D, LHEKD VO OBK
SRBEAREL, ABEATREINS X DR
HISEBICE Y 2 EBRE S EOCERNED 5 b
DEEDLNS.

M EKEICIS U T OB E R USRS 12
HULLIKBETs L0 BRB LK. HiE
BRI/, $53F13 +PA 238 & UTHERII e
%, MELHbBEREEAUL S R/ F —
YERUR. B2 5 MKBHEICK D EEELZH
TICdrrbod, —FTZNZETdE
BT ADICHBEEOREL TS bDEEDLN
2P RENCHEOGIENEMREDS S t-PA DSHEH
SNAFEEGREINTEZNY, ZOAh=
XLFPELNLTRIEZD. LALZDOXIRERR
MBRED ERZHEIT B EICH DML TH
A5, Pl—= VTS MEROHERY BHE
INTVWEN, chdFERICIEBRE IS Mk
B OB REMHT 5 —BOREREE LTED
BAREMESEZ NS,

BRI —= v/ R3EAERB LITO—BA
T, Hb M 13 g/100m! Pl ED A H~T

— 267 —

12 g/100m/ % T & - e 7010 T HEBRE I DK
TF59. L LBEETRIMEROBMKICEKS
MEFRGLETEO?, Hb BELUEZIEEL
LTREOEMBERENZHIRT 5 ERBEANR
WEIICEDbNE. COLd RMEEDOHKIT,
L UAMKEETEEZED, DEABLEETS. 85
iC, REBERAMEECOHRHTDS. > TRE
OEFHEAMIBEERRE L TETZEES>C L
bTEXD. UL, BMHEEDA A7 =X &3
¥THho, Hb EDEhiC, &, 7= F v,
ZOMOMEDF = v 70k, £ DEEEZICH
TEHENETHS. FILIEE LERZDERTAIM
BRETVIREOYARBBENNRE LS. MK
FERBEXTHE IR Cr BEEZFHLTH
RBCERERDBZNETHAS.

¥ & B

PIEET A&, bLr—=vichk> Hb B
DORPRI P —= VI ERERT TS Y — b
th- REERES v —1cd Ronke. —E KO
exhaustive exercise [TX »Thd LI NS
Frree v, kUind LDH (HEU M
M7=y b)) HOLA, MFIA T/ vEYD
EEERBSR LN, ARMOFEKLE UTRELRY
PRERICK ZHRZVFRRIN. Fie, HHE
DOEFHIC R &0 B MRS AR MK B EHE
ERT 2D, ARICHREEOHERTZCEDD,
MFEERO LR ZEBRT 27 OOHER L ETH
BT EbmINn. -7, UKD BHHRE

bR OoTIMEAMORBESHEINS.

CDXINBTEMS, br—=vsdiop Hb g
EOETR—EOBEEHERE LTREE T B AHE
Hbdbs. ULrULENEE, Hb 0Tl &ikZ
DEFELRRMBRERBEOMERF = v 7 Ik
» Hb BEETORRZW LMY 3 &dic, &%
BT U B ETH B .



— 268 —

B

B

R IC BT, MhHEofEick Lt
Fad - xh- v (BERBEEATT oEEHIE

B,

CCIBEHoBREZERE LIV, HEEEAT

+ v b 2B -y PEFEEPE X D ORI OME
B LTS, CCREEERAID.

1)

2)

3

4)

5)

6)

7)

8)

9)

10)

X #
Ashida, T.; Sports anemia and protein nutrit-
ion. J. Jpn. Soc. Food. Nutr. 25 : 380—392
(1972)
Bell, J. and G.S.M. Cowan, Jr.; Low blood
hematocrits in male army volunteers during
basic training. New Engl. J. Med. 299 : 491
(1978)
Brown, G.O.; Blood destruction during exer-
cise. 1. Blood changes occurring in the course
of a single day of exercise. J. Exp. Med. 36 :
481—500 (1922)
Buckle, R.M.; Exertional (march) haemoglo-
binuria. Reduction of haemolytic episodes by
use of sorbo-rubber insoles in shoes. Lancet
1:1136—1138 (1965)
Clement, D.B., R.C. Asmundson, and C.W.
Medhurst;
survey of the 1976 Canadian Olympic team.
Can. Med. Assoc. J. 117 : 614—616 (1977)
Consolazio, C.F., H.L. Johnson, R.A. Nelson,
J.G. Dramise and J.H. Skala; Protein meta-

Hemoglobin values: comparative

bolism during intensive physical training in
the young adult. Am. J. Clin. Nutr. 28 : 29—

35 (1975)
Convertino, V.A., ]J.E. Greenleaf, and E.M.
Bernauer; Role of thermal and exercise

factors in the mechanism of hypervolemia. J.

Appl. Physiol.: Respirat. Environ. Exercise
Physiol. 48 : 657—664 (1980)

Davidson, R.J.L.; March or exertional haemo-
globinuria. Sem. Hematol. 6 : 150—161 (1969)

D.W. and V.R. Edgerton; The
Biology of Physical Activity, Houghton Mifflin
Co., Boston (1976) _

Gardner, G.W., V.R. Edgerton, B. Senewiratne,

Edington,

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

R.J. Barnard, and Y. Ohira; Physical work
capacity and metabolic stress in subjects with
iron deficiency anemia. Am. J. Clin. Nutr. 30 :
910—917 (1977)

Gillgan, D.R. and H.L. Blumgart; March
hemoglobinuria. Studies of the clinical chara-
cteristics, blood metabolism and mechanism:
With observations on three new cases, and
review of literature. Medicine (Baltimore) 20 :
341—395 (1941)

g, B ORE. SA—EB; AX—Y Y a—
X HSEB G DM EERIATE I 3 J T REI
DNT, FH Y P RR—VRE §: 301307
(1987)

Hiramatsu, S.; Studies on the cause of eryth-
rocyte destruction in muscular exercise.
(Changes in erythrocyte properties in sports
training and their physiological significance.

Report 1). Acta Haematol. Japon. 23 :843—
851 (1960)

Hiramatsu, S.; Metabolism of hemin iron in
muscular exercise and sports-anemia. (Changes
in erythrocyte properties in muscular exercise
and their physiological significance. Report
). Acta Haematol. Japon. 23 : 852—861
(1960)

BLE= 5 423 acidosis i€ X B FRMBRE BTG
WoBE KOREE 81 : 279—290 (1982)

Jan, K.-M. and S. Chien; Effect of hematocrit
variations on coronary hemodynamics and
oxygen utilization. Am. J. Physiol. 233 : H106
—H113 (1977)

Kilbom, A.; Physical training with submaximal
intensities in women. I. Reaction to exercise and
orthostasis. Scand. J. Clin Lab. Invest. 28 : 141
—161 (1971)

Kilbom, A. and I. Astrand; Physical training
with submaximal intensities in women. II.
Effect on cardiac output. Scand. J. Clin. Lab.
Invest. 28 : 163—175 (1971)

Kjellberg, S.R., U. Rudhe, and T. Sjdstrand;
Increase of the amount of hemoglobin and
blood volume in connection with physical

training. Acta Physiol. Scand. 19 :146—151
(1949)

Ohira, Y., V.R. Edgerton, M.K. Day, G.W.

Gardner, R. Green, J. Hegenauer, and S.



21)

22)

23)

24)

25)

26)

27)

28)

29)

Ikawa; Responses of hematology and work
capacity to iron in sedentary and trained
women. In “Physical Fitness Research”, ed.
by T. Ishiko, Baseball Magazine Sha, pp. 65
—81 (1983)

Ohira, Y., R.N. Girandola, D.R. Simpson, and
S. Ikawa; Responses of leukocytes and other
hematologic parameters to thermal dehydra-
tion. J. Appl. Physiol.: Respirat. Environ.
Ezercise Physiol. 50 : 38—40 (1981)

Ohira, Y., A. Tto, and S. Ikawa; Correction of
water content and solute conceniration in
blood during hemoconcentration. J. Appl
Phuysiol.: Respirat. Environ. Ezercise Physiol.
42 : 739—743 (1977)

Ohira, Y., A. Ito, and S. Ikawa;
centration during isotonic handgrip exercise.
J. Appl. Physiol.: Respirat. Environ. Exercise
Physiol. 42 : 744—745 (1977)
Oscai, L.B., P.A. Molé, B. Brei,
Holloszy ;

Hemocon-

and J.O.
Cardiac growth and respiratory
enzyme levels in male rats subjected to a
running program. Am. J. Physiol. 220 : 1238—
1241 (1971)

Oscai, L.B., B.T. Williams, and B.A. Hertig;
Effect of exercise on blood volume. J. Appl.
Physiol. 24 : 622—624 (1968)

Pattengale, P.K. and J.O. Holloszy; Augmen-
tation of skeletal muscle myoglobin by a
program of treadmill running., Am. J. Physiol.
213 : 783—785 (1967)

Sabrid, M., A, Ruibal, C. Rey, M. Foz, and
FM. Domenech;
serum levels of myoglobin measured by radio-
immunoassay. Europ. J. Nucl. Med. 8/4 : 159—
161 (1983)

Sagawa, S. and K. Shiraki; Role of lipids in
J. Nutr. Sci.

Influence of exercise on

in rat.
Vitaminol. 24 : 57—65 (1978)
Sanders, T.M. and CM. Bloor; Effects of

repeated endurance exercise on serum enzyme

stabilizing red cell

activities in well-conditioned males. Med. Sci.

30)

31

32)

33)

34)

35)

36)

37

38)

39)

~- 269 —

Sports. T : 44—47 (1975)

HAARE= ; SRS 2 BR oS E.
A AAEREE 30 : 1—13 (1968)

Shiraki, K., T. Yamada, and H. Yoshimura;
Relation of protein nutrition to the reduction
of red blood cells induced by physical train-
ing. Jpn. J. Physiol. 21 : 413—421 (1977)
Streeton, J.A.; Traumatic haemoglobinuria
caused by karate exercise. Lancet. 2:191--
192 (1967)

Terjung, R.L., W.W. Winder, K.M. Baldwin,
and J.O. Holloszy; Effect of exercise on the
turnover of cytochrome ¢ in skeletal muscle.
J. Biol. Chem. 248 : 7404—7406 (1973)

Yamaji, R.; Studies on protein metabolism
during muscular exercise, I. Nitrogen metabo
lism in training for heavy muscular exercise.
J. Physiol. Soc. Japdn. 13 : 476—482 (1951)
Yamaji, R.; Studies on protein metabolism
II. Changes of

blood properties during training for heavy

during muscular exercise.

muscular exercise. J. Physiol. Soc. Japan. 13 :
483—490 (1951)

Yoshimura, H.; The protein metabolism and
protein requirement in muscular training, J.
Jpn. Soc. Food Nutr. T:199—207 (1955)
Yoshimura, H.; Studies on protein metabolism
in hard muscular work in relation to its
nutritional requirement. In “Nutritional Requ-
irements for Survival in the Cold and at
Altitude”, Proc. Symposia on Arctic Biology
and Medicine, ed. by L. Vaugham, Alaska,
Arctic Aeromedical Laboratory, pp.85—120
(1966)
Yoshimura, H;
training (sports anemia). Nutr. Rev. 28 : 251—
253 (1970)

Yoshimura, H., S. Usami,
T. Yoshioka;
of heavy workers (V). Studies on protein

J. Jpn.

Anemia during physical

J. Koshitani,

Studies on protein requirement

and

in muscular exercise.
Biochem. Soc. 29 : 143—153 (1957)

metabolism



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12

