Japan Soci ety of Physiol ogical Anthropol ogy

Annals Physion, Anthrop.
4(3) : 239—244, 1985.

FRIMERMELR, Bz RImEk2. 3-DPG 2k L 134
Bk Vv —=vI7ORhR

AR EA, #E OF B KE
FI IEfm, #HE M JKH R—

HAGEAF

Effects of Physical Training on Red Blood Cell
Properties, in particular Erythrocyte 2,3-DPG
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In order to investigate the effects of physical training on red blood cell properties, in
particular erythrocyte 2,3-DPG, the present study was examined using 10 alpine skiers
(Athlete) and 7 untrained persons (Control) aged from 19 to 26 years.

The results were obtained as follows:

1) The average \./'ozmax value of Athlete was significantly higher than that of the Control.

2) With regards to the red blood cell properties (RBC, Hb, Hct), there was no significant
difference between the two groups. However MCV, MCH values of Athlete were significantly
lower, and MCHC of Athlete was significantly higher in comparison with those of the Control.

3) The erythrocyte 2,3-DPG concentration levels were significantly higher in Athlete as
compared with those of Control.

4) The relationship between \./ozmax and erythrocyte 2,3-DPG was significantly correlated
for all subjects composing the two groups. A significant correlation was also found between
MCHC and erythrocyte 2,3-DPG for the group of all Subjects.

These results suggest that MCHC and erythrocyte 2,3-DPG are closely correlated. Therefore,
it is conceivable that improvement of aerobic work capacity as a physical training effect is
because of the simultaneous increase of both MCHC and erythrocyte 2,3-DPG and decrease in
MCV.

Key words : Erythrocyte 2,3-diphosphoglycerate(2,3-DPG), Mean Corpuscular Volume(MCV),
Mean Corpuscular Hemoglobin Concentration (MCHC), Aerobic Work Capacity
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L, #ImEk2,3-DPG (Remes.et al.1979) ®Zh & &
ToRmEBRMELR (EZAH, ILE, 1963) 2B LR IIZ
FTEREINRTEDY, ThbLDOPhbIEVIKDONT
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=V I ERERLTVWBET6ELLORERERYE
L, WAF6RIZFarrF—aBLTEY, &
D4 GHSHTEFNIAERD N vy 727 7 ARNMEL
T, BT Vv R F—FEFOEEKEREIRD
KETHEEZOND Y — X VERNOI0ABEICER
L7

SR ERE (Vo,max) DRE X b v v F I Lk
v, EEEHEL A CHo%. BEE (Vo) i
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S 4 AEEE Oxygen Analyzer OM-11, Medical
Gas Analyzer LB-2 (W3 #1 % Beckman #:5) & -
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Table 1. Physical Characteristics of Athlete and
Control Groups (mean=S.D.)
Athlete Control
(n=10) n=7)
Age (years) 19.7 0.9 234 + 2.1
Height (cm) 170.8 £5.2 1746 = 5.3
Weight (kg) 71.0 £74 735 £ 7.6
%Fat 2(%) 18.1 +4.0 177 £ 38
HR max (beats/min) 1885 *£7.8 199.0 +13.8
Vo, max (1/min) 4.17+0.42* 371+ 0.34
(ml/kg/min) 58.3 +£3.8** 50.6 + 3.1
*p<0.05, **p<0.01; Significant difference from

Control.

9%Fat 2=100(4.570/Body density-4.142)

Body density=1.0931-0.0016(Triceps-+ Subscapular)
(Brozek,J. et al. 1963 ; Nagamine, S. et al. 1964)

Table 2. Red Blood Cell Properties of Athlete and
Control Groups (mean+S.D.)
Athlete Control
(n=10) n=7)
RBC (X10*/mm®) 498.0£39.4 489.31+23.3
Hb (g/dl) 148+ 1.0 15.2% 0.6
MCV (zm?) 839+ 2.2** 88.7t 2.9
Hct (%) 41.6x 25 433+ 2.3
MCH (pg) 29.8+ 0.8* 31.1%x 1.1
MCHC (%) 35.8+ 0.4** 350+ 0.6
2,3-DPG®
{(zmol/g Hb) 14.0x 1.7** 10.8+ 1.5
*p<0.05, **p<0.01; Significant difference from

control. ®(n=9)
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Fig. 1. Relationship between erythrocyte 2,3-DPG and
maximal oxygen uptake in athlete and control

groups.
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Fig.2. Relationship between erythrocyte 2,3-DPG and
MCHC in athlete and control groups.
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PEfE%/R L Control B & ol F EZE (P<0.0D
ERD bR,

A o Jr M1 ER2,3-DPG & & \./ozmax ¥ L 0" MC-
HC L OBGER LA SO, 2Th 5. kEEE
ZRETHEBFEOHEBERE OFEHE (ZEH) ¥H T
T »te. FI1ER2,3-DPG & Vomax & oMU ILE D
AHE/EEBEE r=0.675, P<0.0D) 285 h, i
%2, 3-DPG DI 5 Vomax O EREATES Hh
7=, F7oRMER2, 3-DPG & MCHC oIz BEE 7z
FHBABI R (r=0.558, P<0.05)»32% Hh, MCHC A
EE %R & ERMER2, 3-DPG 3 & WMETH - 7.

z =

TRy AF g (A&, KEE B s
T, ZOHEEREIM»S 1530BEBETHD
Emb I PRy —0EEEE (BT, 1983) THH,
BTV AF-FZFIm TN EEBRENS X
OEBENFERENVADLETHD L bR TV 5
(Heymes, Dickinson, 1983). Rusko 5(1978)i27 «
VIV roxY vEey 7REEFOEMERIIEERE
ZRELIEZ A, TALRVYAF—FEFED \.fozmax X
F#763.8ml/kg/min CTH - 7-. ¥ % Broun & Wilkin-
son (1983) XA F &L F > arAF—nl0k, 2757
F— 8228 %% E L LT Vo,max DEEHER L, +
nFh63.1, 61.6ml/kg/min DEXEB T\ 5. KHFE
ZRITAB 7 Ay R F —3F (Athlete B @ \}OZmax
1358.3£3.8ml/kg/min TH H, LIEOEICE~NHT
HTED B MEEZR L TW5. L2 L Control &
DZh (50.6+3.1ml/kg/min) & N5 EEBICEE
THoic.

—77, BREERCE ST H5HAFL LT, Hb & RBC
NEFLRTWS., ThizonwTiE, v —=v
7 RTR AR E OFRMERE S Hb EE —BA L
BLICSEEELRTHEGEN, IUH, 19568EHE,
WM, 1963), AEHZEALAR & hicy 4 (Astrand,
1956), » A\ THENESH D O RBC, Hb EE 1 MEME
R TERECGE, EEE 1980%8H 0, LFLSE0RE
RiZ— T\ RPFRICBTIE, Hb %X WRBC
X FRICHET I e IR D b i o 7.

Astrand (1952), $8/E L8 (197D 12 Hb #ED
fiic AF4E Hb &, 7EIRIMKE O BB 217 - 7o
Hb BE R TIZ—BARNEELR LA, AKE
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Hb &, EEOREEHREE/IARCEMELZRL
r®EL TS, FLTHICAKEHb &L VO,
max & ORI IAERE\VHBEEGRAD B Z L &iE
WL, AMEBHDb BReaBAKERET2ERERLNR
Fo—oThHDHEFEHRL T B, % Holmglen
(1960) b AN OBFEREN B ET P ERLLT
BEAOCHEEDEICE Hb B DT T 5. A%
TRHEEO RBC LU Hb RERRD b TC
5%, Astrand (1960), Holmgren (1960) 35 X UHE/E &
$247 (1971) OHE 1B - THRETT % &, Control i
H~ Athlete BiC 1S BOERMKE, % Hb Bo3F
L, EAENOBBEEREDIEVKELS D LHESR
XhA. XHIZonT & Athlete D Vopmax %[
rExecwaEEATHAI LEDLRS.

¥to, BEEEHH OFRMERBIIBFIEREIC
LEE S IIFT. LIANFORREEL B LMKD
HtEN L, MEOWMAE S T LELLRD
(Edington, Edgerton, 1983). Guyton & Rechardson
(1961) IEIRBIRE & MK O MY & OBIRICH VT,
Het 138940 % FEE DBy A MK DTETR SR 0 ;3 CTHeE T
%1, Het ®EFX Venus Return %4 S €HEE
EEHAET R 5 LN Tw5b, S5 Crowell &
Smith (1967) % Sk~ OB FE I 12 Het40% 035
FBLTED, Thil ko Het o ERFROGHEHEDET
AhiebT EHELTVA. AR VTH,
Control Bz b~ Athlete oD Het (HMEEZTR L TV
5. L LHFEHNCEREZERB LRI Tt
—fgic, Het BRmBR—EOKE I EFRbLT MCV
EARMBRE E DB LE XA T VA, Lizai-> T Het
DA IEMCV 23N &L 2B 2 7212 RBC AT
BENDELLNTH LA, MBHEORED &5 RIT
BNTIRWShAERRZETHY. FOKOKES
(MCV) BEBRSHRCEELYRSIETLELLRS.

L, BB (1984) (219—2F D EREMEFENRE
LT—r» AElOBEK v —=v 7 2EELLER,
MCV it U — =V 7 EREBET L EHICHK
MER DS BREE S D b RS EFRC NS b
OB = & %84 L, Radomski & (19800 6.8
MOHE v —=v 7 ®To iR, MCVIHETL
FrERSARIC B B/ NRMBROEIEHNEM LI & &
WL T 5. APFFRIZIVTH Athlete D MCV
T #83.9+2.2u mTH 9, Control FD8.7T+2.9u

MICENEECEGEAE LN, o i, MK
DB OE T L RBE R B2, BT
it Vo,max D LR 5 et F EE 2 BRSB. Lichio
TAPFRICE TS Athlete HIZAED PV —=v 71T
L0 B~ DOBFERICHK bR MR OMEE %
FEHLTBHEDEHEINS.
KEEB~OBEZERBELZAHTL CVW5HT L
L CHRIMERA2,3-DPGBH T LI TV 5. FRMER
2.3-DPG (2 Hb : B&Z & 0 BRI 2 FAH T 2 —ERN
LXNTEDY, KRIOER2,3-DPG 0¥k Hb OEERME
AR A B EA~BT (Hb 0MBHMEREL) 4,
ERELTHEBANDBEME BT THLREZH
“\>% (Bensch, Bensch, 1967 ; Chanutin, Curntsh,
1967). Boning » (1975) = Braumann 5 (1979) (%
HEEHHCEE L v — =V 7 BT > T 5HHEE &
ISR L A B Lc s &5, THFFREE ORMER
2,3-DPG B ED Th XV bEELXRLA. b
w Hb DEZMBEM B OIEE L S h 5 PofE (Hb 2°
S0%MELTEF L ERBESE) b LR YR,
AR R XA HEA~BTT 5 2 L0k EIh, B
FEOMEHBELEKEC LT EHAL T
%. *# Remes 5 (1979) 298 DHAFB FIxt LT
AR EE N V—=Vv /R ERKL, FKMEK
2,3-DPG 0t 5 Vomax ® EF &R D T
5. EKFEIZELTHEW \./ozmax %53 % Athlete
D HIMER2, 3-DPG 1% Control It b REB CEE
ARl &b KHEBEORMEKS, 3 DPG & Vomax &
DR IEOMHBERGR ED b, ZoZ ik kERL
#-$4 (Boning et al, 1975 ; Braumann et al, 1979)
LB D, Bt L —=v 7 OERICHES Vo,
max O _EixFRER2,3-DPG o#EmB gk b, Hb
DBERHE R LEBA~OMEFE L REL T
LhDEELHRA. Lihs THRiIMER2,3-DPG 1%
Vo,max #HETHRFO—DLEEINS.
FInEREZ (MCH, MCHO) i&2o\WTiL, MR
ERATED LR, MEREEDCO O HBEBEZTRT
MCHC X Athlete E A F R Ic@m WWExX R L 7.
MCHC @ £ 5 2+ 5 Athlete B (MM ERAL 1% L If
HEMNE <, Het w3 % Hb o0&\ RmBRER T H
LEELZLNRD, HELV—= VI OEBITH
MCH, MCHC #mL, FROBRER O B R
X b, EE~oRVBRHEENIYERL TS T
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ERBEIRTA (BL, EE, 1983;HEE 5, 1983).
L7=pvs T, AKBFFeicis\Th Athlete DM T E K
BEHIEVKECLHB EE 2B, MCHC © EA X
Vo,max e8RS+ 0 L Bbh 5.

U Eo#EREMS, MCV OETF, MCHCoO LR XL
- FRMER2,3-DPG D nis En v —= v IR L
LCREN % Vo,max DIFI~DHERE L 10 b & & i
BEhb.

2T, ARROBHIEFRAEOBHEFZ SO T
MCV = MCHC 7z & o RfER#ER & #RiuEk2,3-DPG
LOMEBFEE NS Z LA D h, —RICEEEE
DERIC LD, FMEOWEROF L, BBEEENDO
ETSE R S MERERCENMPEL D LRI <HbR
T, TLEHEN L — =V 7 OMFIIC L D B
BIMERATTEL, FMERFENENT S L2o—H
DAAE—v@EEE L THEOKRMERINELTEZ &
PUREE S TS (LA, 1958a 1958b ; B4, 1984).
Mairbsural & (1983) 1% mean red cell density & Vo,
max & OEIEEVAEOHEREGRAED NI L%
WL, MEFORE L DEVKRMIROFEIZEED
FRIER2,3-DPG & Hb B3R L o BME DD Ol
FHEELTWBEHBAL TS, AL TIEEAEK L
Vo=V Z0RARLEET S E XN SRR RS
BIE L& 5, MCV X Control # i1z t~ Athlete #¥
AMMEME» 7~ LARIMNER2,3-DPG kB W TIXEMEX R L
fez &b, Edko#HE (U H, 1985a 1985b ;
Mairbdural, 1983 ; 54, 1984) %4 % 2 THETS &
Athlete BT X HEBIHIE % < D/ DI VAR IMER 2
ETHEELRLS. 2O EXEELRL RIMER
2,3-DPG & L H KRB WTLIDHWwWo%5 Hb &
FesE L OBAMEOREL Y 5 eiL, X HRYEMIE
PO LMEOREMELEZDH LD EHEMENS, T
APFFE CIrrEE © MCHC & #xMiEk2,3-DPG & D [H
CIEOMBEBERIED bl Z L anb, MERERICK
T5Hb D ERRIEL OBELXDHER HB~HX
L, &6 KFhICHE 5 RIER2,3-DPG ok Hb @
BB YL &8, S5k OBRFTEREB L
UCBHEHEBLZRTL VW5 L HREIZRA.
BEnZe L, Hfhbr—=v7ORHRELTRS
N3 FEAK R Eicix, MCV DETICX 5HE
MomktkE, FRIMEK2,3-DPGF X O hiZff >
MCHC o L8 21HFELTW5 LHEEINS.
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Feo
AR BEE L — B F L ARG E LT, HAUW
fe S BB DO E MARIMERMER, Fricirisk2, 3-DPG
DIEAL I X OFRMERMEIR & I Ek2,3-DPG & DA
BRIz oW TR Nz tc. SHREFFAMLDHE
BIZOWT HERE L.

1)Vo,max ic 35\~ T i3, Athlete Bt(58.3ml/kg) 7%
Control  (50.6ml/kg) ICHE~ABIZE M EX TR
L7,

2 ) Fm Bk T, Control Bzt~ Athlete D
MCV (MEfE%, %7 MCHC TixEfEZ R L.
FrmEk2,3-DPG TiL, Athlete BV REXTRL,
Control # & OEICEEE IsZENFD LT,

3 )7 1MmEk2,3-DPG & Vo,max 3 & &f MCHC & 0
iz = hEDEBBRAZED L.

AFFRIZE v BORICERLD, Akt v—=v7

DR ELTURINIEFFAEOR EEF, MCV O
KTk smEtEomE s, MCHC® X U7k 3k
2,3-DPG v~ D EEREE L TW5 L HELT.
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