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BEE  EREEEC 5 RFARIIRA 2,3-DPG 0 BMEEI A2 L, Rl S RIEI~ OBRHE L\ 5 B4
B RT 2 FAZROE T, ZOWEITRTHEREREYHRFT L, UToEEYEL.

D {BEEIJEER, BERABTFCRT 504 2,3-DPG B, HiEst 14.60-+0.94uMoles/g, #3213 13,36+
0.60uMoles/g TH v, HoMlic X5 2,3-DPG BoEa b f.

2) IEWIIERS MR & O O BARINERN 2,3-DPG &y, IEREAETC R THikIEE L, 1T
PR32E TR ER R L (19.05£1.63uMoles/g), = UTIELE 8 BOABLIETH b, IFFEHIICILEIRIO 3
S XBYDHEERR L.

3) IERTEICR T 5 EEMESR L O TEREFHRARRGATE, BERILERA 2,3-DPG (RO
FERD S DT UCTRER R LcB B BRI S .

4 ERPEEREES T, BERLBRA2Z,3-DPG REHO IEEIERGAORTE X v EEY RTECE,
RRIESET, FAERMBICCHATT 2SO0 E\ . ERPEEEREGITH2,3-DPG ANIEHIEIRE] & [F#HEpy
BT 2bORIIRIBIET, HARKIECE BT i ok,

5) IUGR fijTi¥, 2,3-DPG BIXIEFIEIREG X 0 {EWEEZ R Licfini .

6) oriprhic fetal distress %-i%E UHT &E&%Lﬁmﬁjoi FERFEFICIL LT, 2,3-DPG £ 3 EfEx R
LTRKD, Py, fﬁ%@w‘ LTCue.

9] ﬁ%ﬁmﬁﬁZNﬂG&ﬁmem{&WWW%FLZNWG@%Emmiﬁﬁﬁﬁoafﬁnr%
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PEoz &b, RHERMIRA 2,3-DPG (1AM OBERIMAETI®AZ 20X b, JABCRT 5
BADBAF R EE By 52 TN 5T EATRE S .

Synopsis One of the most important regulators for oxygen transport from maternal blood to fetus is
2,3-DPG in red cells. In this respects, an attempt has been made to test whether 2,3-DPG contents in
cases of abortion, toxemia, IUGR and fetal distress change or not. The obtained results are as follows. 1)
2,3-DPG content in non-pregnant women was found to be higher than that of normal men. 2) 2,3-DPG
content in red cells increase gradually during pregnancy, and reached maximal value (19.054-1.63 pMoles/
g) at 32 gestational weeks. 3) 2,3-DPG in maternal red cells was lower in cases of complete abortion or
threatened abortion with poor prognosis than that of normal pregnancy. 4) A significant decrease of 2,3-
DPG showed in sever toxemia. Most of sever toxemia with decrease of 2,3-DPG induced to neonatal
asphyxia, or intrauterine fetal death, corresponding to a decrease of Py, value. 5) Contents of 2,3-DPG
in IUGR showed lower than those of normal pregnancy in same gestation. 6) In cases of fetal distress during
delivery, 2,3-DPG was generally found to be lower than non-complicated cases, on the contrary, cases
with a significant decreased change of 2,3-DPG transferred to neonatal asphyxia or fetal death. 7) A
significant correlations between 2,3-DPG and Py, value or pH were found in this experiments.

From these results, it was suggested that measurements of 2,3-DPG in maternal red cells might be

checked a degree of high risk fetus during pregnancy.
Key words: 2,3-DPG.Oxygen dissociation curve.Gass exchange.Toxemia of pregnancy.Fetal distress

NI | -El ectronic Library Service



Japan Soci ety of Cbstetrics and Gynecol ogy

416 BAEROERA 2,3DPC oEEFE B> BE L ZoBKRER HEREILEL 5
Focl 1 %1 IUGR W

0Bk P92, 3-diphosphoglycerate (LR 2,3-DPG
L W3 1% hemoglobin (LIF Hb L Hg3) DE
EBEEETREE T TH BV,

2,3-DPG e FRMERPI T Hb Liz3iE 4 =
MEHREL, Hb LiEETHC Lick>TC Hb D
FAEHAIM I{E T3 % & & #% Benesch and Bene-
sch!®1 45 1 ¢® Chanutin and Curnisch'® 1 X b
HHad&hTws, (KEERIRGE 2k 75 &
B, B X5 EMREE T CEETE
DFRMERTIE, AEFERLE LT, 2,3-DPG A
ME LT, REEE LTEBICRT 2R Hb 225
BREDMEETIET A o bR T 519,
L3 > CERIC B\ T O IR IL L Th b oy
B E B ¥ CORBTIE, FRIEORE ST
EOEERBEL L, F 7o et TR IMER
M 2,3-DPG BLEFT5 - L TEShE. £
DB EEIRRY, IEIR - ikl U CEET
%o bk, R BT DAY oML
T 55 XL TEERENNYD—D LB THS
D.
fin 5, MEREERRCER L, RIEOEFTH,H
bAEE L LTEZ LN LYLEE, TEME,
FRIRFRERE (LT TUGR LIE3), 5 \Widfa
BHERERAY B I NS X 5 I ERPEIEE D
FHA D B IIRAET TORMARIMIRP2Z, 3-DPG
BEEN, REHT AR ED XS EHIGL
T AERE LICHZEE & A Elnue.

Z OB IET TCIER s B ONCRVERE TIC dH
HYLAFEE, Se&WeE, MRS, TUGR, [EIR
IR, FOftEio fetal distress 48 12D
T, fHAFRIERN 2,3-DPG oBHFREL, Fo
RIS WTEME L & BB o A Lic
AR SV B, FHEIRIIERA 2,3-DPG OF
HXEROBEEL SR LD THS.

[SERCE 3

HABRRIRZEM B 2 Rk ieim ARt o s kb
L AR OIEREITHZ R L Lic. £
DWERIL, [TE 8 s b 42 ¥ COIEF IRy
Wpieals & D VR 2B 1246, REE 058

1. FEEREMhRES

’ W CIERL L7 T8 SR B I 45 0 T 2
~3SDIELEVHD

2. BEBEWEEC L5 REAKE
WY O HEE R B HAY 2 B 5 i BoH
T E AW O AR E H R (—5 S.D)
WCELEG SO

AVREELOB, YREWEESIE, EIREH OITERE
HE89fBl, TUGR 2041, 43ialgd fetal distress 24
Fchs., =05 b IUGR OBHITE 172 1R
TTERER I OBBEEEBEC XD HREX
BRSO RIAEHEEE R X o, & iFiRFE
FEOH B B AER R AR ESERPEBIELERE
OO X o, I, WIRE LU TREIHTE2
i, MR A BT 126l A AR g L Ui,
BEFE

A) BRIy - A HEOMNEIR X D heparin fjuT
LicBEE o C, 3.0ml o#RMA AN
B Ufe. BIMEEE S ICERSNC 2 25 H L
TZeS A PEW Ui, = o sample # B Tiii~N%
F:2,3-DPGE, Hb oEFFIME (P504E)?,
pH, pO,, Hb EEZDHIFE BTk,

B) JIEDE

(1) 2,3-DPG FEE : FghRml.Oml %2 & D,
FBE BHIC 8 % =HALEREE % hn 2 Tk LB
HEfTV,  3,000rpm 104 OB BRI AR E % 1T
WF D LEW R Hi{A & LT Rose and Liebowitz?®
DEERFHEC LV IE Lc. bbb, 2,3-
DPG % 2,3-DPG phosphatase ¥ X' PGK 1 &
n1,3-DPG 1iE#al, X51cl,3-DPG 73 NADH
LT NAD &35 & & 0EMEE R
340nm 1= %1% NADH, NAD oW XD
‘T 2,3-DPG Ex R 1o, T OREFRRT4IM Iml
Wy g O Hb 1g 240 i (uMoles) & LT
EH L. ‘
() & Peo fEBIGE : B L%, PO,
29mmHg, pCO, 40mmHg DEHEREH AT 14
PR © P X8 Thh OSM, HERIIES
WOHFEANELZHE L, pH 7,401k} % Py
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DR CRDL,
_ 100—SAT
Py, - pH 7.40= n\/SAT 51/00 07 40=pH)

Z 2T Py filivy, Hb WK OBARAIFIES0
ETHMESETHD, mmHg CTFEhHd. SAT
13 OSM, HEBENIIER © X2 THIE LiciERam
ETYTELINS, n it Hill oF%% (v b Hb
OBE n=2.7), 0.4txe b Hb =k} 5 Bohr
BIR DR S ERT
- (3 pH, pO, JTE : #kiL 0.5ml T, ERif
HE B ABL, & BEHRIEZ % W CHIE Lk,

(4) Hb JiE: w7 vAb~erleviky
AW, B &540nm B8 B 5 FRICHRE T ~ £ 24
D11.4x10°E L, Fle~a¥ b HTFE%17,000
ELUTEE L.

(6) EEFEMEMEMAR « Hb B A Kkl . Ocm o
Fay PZAKR, Th% Wyman &}/ 2 —
2 —EEL, &t Hb 2EBBESE RS
B Hb icic 225b%, WHES8um i) 3%
SEEERA A &2 EEAIV IR o B SR AR HIE Fh 5 % TR RE
L.

BRERE

1. BEIFERS JORERASFRT 5k
M*kKA 2,3-DPG &

IERR AR R X ORATIREBIC 81 % 2,3-DPG
EOBRBYRAT 5 0L 0T, BEIFTFE2
B, BERAFTFI26]lo Hb B 2,3-DPG E%
B LR a2 2 R L.

T, HbixEER A ST ©1316.104+0.79
g/dl, {@EEIEIERR CI1113.7040.63g/dl LT & %
EFHECHo, £MTo 2,3-DPG 15 FC
132.1840.14pgMoles/ml, JEIELHF T 132.0040.13

F2 M X3 2,3-DPG & g

2,3-DPG
Sex Hb Whole blood Hb
(g/dl) (uMoles/ml) (uMoles/g)
(;‘421;32) 16.10+0.79*| 2.18+0.14 | 13.36%0.60
*
(1?“’;11;) 13.70£0.63 | 2.00£0.13 | 14.60£0.94

*non pregnant
** means+8.D.

M

417

pMoles/ml T 1Z 1T A b2y, Hb Ig
YYD 2,3-DPG Bl L TR b 2IE, JEEHT
13 14,6040, 94pMoles/g, BT ¢ 1% 13.3640.60
pMolesfg T, (REEIFITHR O MEEBA BT X
DEWERR LK (t=3.8).

2. IEWIER W@ B85 BHERINBRA 2,3-DPG
B DX

TEIR MBI BeR e <, IEHRER A HEL
Te124B DFERT O\ T,  BEIERBEE W Bk
FRIMERA 2,3-DPG BHREL, FTOFHER X
OEEEERELRD S &, K1, 2R LIekRER
Bohnt.

Ticbhb, B RIER MR E & DT D
FHAFRIMERA 2,3-DPG Bz 1 o4& mE, K2
© Hb lg B DFDOWTRICENT D, IEIREE
WS TR R T AEAZ R bhe. Z0H
BRSBOEBLE LT, 9E¥D3ENATLRS.

M1 iR
2.6
2.4

2.2

et 5 SR ARIER P 2,3-DPG o %)

2.0

2,3-DPG
(tMoles/ ml of Whole bliocod

1.8
1.6

1.4}

||||||||

‘%swnmmwmummwmmm%%mu

Gestational Weeks

p
)

IR £ 5 BHEARILER P 2,3-DPG o H

2.0

mi'
18.0
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U Moles/ gr of Hb
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418 BAERMERA 2,3-DPG o EREBC LS BEI L £ o BERR AERE3LE4 5

#£3  [EIRATE - B - Bl kT B
HEFRMERA 2,3-DPG &

ppa PR | gmRang | MEERE | IR

2’13\,}]3153 14.05+1.40% 15.71+1.23 | 17.51£1.92
M ofIg—Ib (n=44) (n=24) (n =49)

* means+S.D.

(D) EEEC IR OfE X h 2P EE TH
5. (2) 1FIEFHEIO 18 528 OE TR &
WET2. (3) [EIE28E H32BOMCEAE R
HEARL, R2BEFBRIEEELYRT. ST
PR 8BEBT-D DRI L I TH DT,

% 313 2,3-DPG BOEE) % ITIRAHH (THR 8
E~208), HH GTiR2LE~288), %8 (298
~42;8) D= K L TEEH Licdh D TH 5.
IERB IO 2,3-DPG EiEing, ERIO®M
5% ETH 5. ‘

3. ITIREIINTR EEG O R AR M ER N2, 3-DPG &

IERMEIC B0 5 RRRE OB ELR, §)
SEVE A B Ule nN % OBIEIRD kR L CHa i
Bolkeb 0 (VIBRETEREED 1761, HET
BiTLich o (WERETERRGD 1461, 3150
B oW CRAEIRIMERA 2,3-DPG B %1% Lic
BREAYX 3R L.

8 % D% iR Ui BT © 2,3-DPG &
DIEHE & Rt 5 &, IEHME XY EELR L

K3 WEH L BERLKRA 2,3-DPG &

2.0

2180

. O

» 608 |O ©
O

3 %W%W/

5 1.0 8. %%%%W%z

3 %/%7ﬂ7% .

s ny%%/mm% ®

3 Y X

g 00 x| X x &"

Y '

o 7~8 9~ 10 1112 13~14 15~18

Gestational Weeks
O aRETF&RIH
@ YhamEFETR
X eemEs
) ERTIES) meankS.D.

K4 TEOT L BHEROIRA
2,3-DPG B DBk

TRE DA &

2,3-DPG . T ORES | IERES it
EF IR ELLT 23 5 28
EFERESEL 9 13 22
i 32 18 50

a=0.05 x2=6.39

Pl EEERR LIl LRI Eh 5.

FAWR LI L S, EFEERERGAOFSMEL Y
EEZR LIS DT, HOLUBERETLF
BARRDLDNEL, PHELY EEXRTHO
T, FHREBHEOBENSE N ENbrs (a=
0.05, x*=6.39),

D X5 WHhBIRE TR RAISCSEE T ES
CTERMAFRMERA 2,3-DPG E2MET LTWw5b &
Lot T X5 7Bl Tt Hb jgE
hLBRBEAES EF L5 2 EnFRER
. & ZCIEEE 8 B B 5 IEFIERE], VBN
PEB, SEEVRPEGNC DTl R O B 57 AR i
BAROHE L-0n K 4 Th 5. FhEES,

B4 JEHR 838 o e v LR o TR R 77 W et R
100 ——— ey

80 +

60

BAFRERTIE (%)

4!

20 ¢+ /E/

0 ! i ! . 5 "

20 22 24 26 28 30 32 34
pO, mmHg

0—0. ERMHEH(DPG/Hb~1.02) : 0—a, YRLHAEH (DPG/Hb=0.90)

-0, EITRES (DPG / Ho=0.76)
HoRE, 1.3X10°5M, 0.1M U S Brgtz. pHT7.4. 24°

SEATRER O Hb ORpSEMAMEM IR EBIERGIC

ANTHL N ETTRET5 &, Tibhs Hb
DERERBEFMENE R L5 2 ERTED Bk,
4., TUGR §| st % BHEFRMERPR 2,3-DPG

E=R
=N

IER2SELE @, F 1w S < LWL ©
IUGR & 22 X M 20flic o\ T, W S ol
B RT B R EARINERA2,3-DPG B4 RIE L.
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B5 IUGR flic 51 BEMMRA 2,3-DPG & 32580 c, TUGRHI0D2,3-DPG B IR TR
e R E R TR gEd Ui,
8 20 . o3, IEFITIRIEREID I & 52,3-DPG £
5 a0 / ®] S8 X D BfER T30 & (EfE %7734l & TIUGR
N , 77 | #l, JE TUGR flL iy TRt 5L, £S5
; B ///////%////////////////// Lk 51, TUGR it IER FHfEET ol
Sy B o8 | %<, TUGR iz oMl knid o &
Sug o°8e,° : Bte (@=0,05, x*=9.1).
& 120 R . 5. IEIREIES I #5105 BRIk 2,3-
DPG B3I L OAIR Apgar score & OB

(TR AR AE S © RHAFRMMERA 2,3-DPG &
DIEE) % 1TIR28EH HA0GEOM T RIE L., &

Gestational Weeks
@ UGRHY

B6 BIFRHEBEM ST »RERLDRA 2,3

#5 FHEARMERR 2,3-DPG & & EHIEIRFE & .
IUGR #, 3k IUGR ffll & DRIR Ez ‘
TUGR 0 . s
AR 4% | TUGR i | JETUGR I | & T 0o o o
Bk 2,3-DPG k] o 00
EREIRTIELLT 17 17 34 2 0.0 N A 1
IEFIESRTFELL L 3 21 24 L 180 /%///%///Z//// :
it 20 38 58 .fz o 7//%//{2/////?/;/
@=0.05 =91 ° 8 o
& 14 o 1o E
513 DFRTHS. < 120
T 7 IUGR 2060-R1064102,3-DPG EIiLIE 0t
T8 90 37 %4 3% 3B M

HEHELT o BlE % 5~ L. ELRIEEF T
2,3-DPG B &¥ins 42 I/ iTyR8HE 2 5

Gestational Weeks
O #EiRPBERES

£6 IERDEERS & EFEEREG &L ORERMERA 2, 3-DPG &0 ik

2,3-DPG IE EBREFID 2,3-DPG
R ”E‘*; - e

2,3-DPG & 5 fl & i

Weeks % E f (R¥H BT RFERE)

28 16.04%1.07* — - 13.12%£2.49
(t=2.22 n=5)

30 17.10+1.30 16.001+1.13 19.13+1.62 12.80%1.13
(t=2.53 n=5) (t=1.63 n=3) (t=5.37 n=4)

32 19.0 =£1.63 17.07%+1.03 17.25+1.76 12.85+1.27
(t=1.32 n=5) (t=1.20 n=3) (t=6.50 n=4)

34 17.67+1.41 16.53%=1.85 16.2510.35 13.40%2.50
(t=0.40 n=9) (t=253 n=4) (t=2.30 n=3)

36 17.91%£1.10 18.27%+2.33 16.88+£2.12 15.73+1.55
(t=2.15 n=9) (t=2.39 n=5) (t=2.55 n=3)

38 17.91%1.45 16.36%+1.39 17.52+4.10 14.91+2.30
(t=2.00 n=9) (t=0.18 n=5) (t=0.18 n=6)

40 15.741+1.36 17.82+2.01 — 15.03+1.75
(t=047 n=17) (t=1.29 n=86)

k * 2,3-DPG uMoles/g of Hb means+S.D.

t: ERWIERTHE L OEORE
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420 BERMRA 2,3-DPG o EIREEE LS B8 & 2o BKRER

6, M6CRTLICEDIZEAETEFIERR
B & RO BB E R T b DD,
EREFEEE2 50, BHVEEEBEUTO L
DL L H LR, L LI & THIE LIcERF
FHERE DIRA S G O 38T AR e R R
FETE DBl I oo,

ITIRPIERLER T, R7WWRLEX5KRIE

M7 ERRREEEAC B 5 BARLIRA 2,3
DPG £ & ik BRI » o BAER

20— T : T r r

18.0

16.01 7

2,3-DPG uMoles g of Hb

o
uote 8o
® e ®g
120 e (@) .
) ®
10 O_ﬁ ‘ L L © LB Q
U928 30 32 34 3B 38 40

Gestational Weeks
O #HERIRIEICE S 22\ (Apgar score 8 &L E)

© BT, FERKEICE 76
(Apgar score7&LLF)

ARG & FEAPN E 7 Fh D B ofER R L
B otend, ML CEFEREAOHECE LE
TN S DT, T OB D5 Bkl O
Apgar score 7 SLLUT OB IRIET & 2 TR
3E - BRIRFECRE L L, —75 8 MU E& IR R GERT &
LT, RHERmEkA 2,3-DPG & & OB %R
T OREREK 8 TR Lz,

R FERE T 2,3-DPG B IEHITIR © 258
B A B & DRI THolcoeR LT, K
3%« BRIRFECHE CLERE NI IE R HEPE & v 1
DCEEE R LIcd DB LE D b h e GB
6).

¥ IR B EEG O 2,3-DPG & & Frall
K3t & DBIfREHRB &, FT THLLR X SWIE
HITPEEEME X 0 EREL R LBt - BRI
THINS L Bd bhle (@=0.05, x*=5.1).

To¥s, FEIRPEEEEAIC B 5 AR MERRN
2,3-DPG B L ¥ RRKFE L o M whie b e

AERELE4E

M8 MIRPHEIEEEC ST 5 BEMRA 2,3
DPG & & i RIRTE & D BALR

%mﬁ %%%% — 1
Ry N

28 3 N ¥ 3B B 4
Gestational Weeks

é P IRIRFEICE 5 BB means£S.D.

© mRFET, FERRIECE S LB means£S.D.

KT ERPEBEEREGNC BT 5 BHERAUERP
2,3-DPG 1 & HAERRIE D H &

2,3-DPG ZO1F | it
EFERPELT 28 11 39
BRI HEL 3 9 12
it 31 20 51

a=0.05 x?=5.1

M9 EEPHEEEESN ks 35 2,3DPG r Py,
€& DBk

2.0
QY = 0.401X+ 5.47
o 7 =080
T ® Y =0319X+8.99 o
“ Y =048
S 0.0
AN
9
S
2
3.
o 1.0
[}
e
N
O
1 1 1 ] A
L T R S E—
Pomm Hg

O IHRPFEEE - FERKEICES BVH
@ IHRPEEEE - FARET, FEREBIICE 15

BARAERD b ivie & LIS\, RHAIRIMERP
2,3-DPG g & RHMEMIATRIRHLEE (P fH) L OE
BEOB#EYRDZORBREK 9 R Lic, IR
EREEREL R FERE Tt Y=0.319X+8.99 (v =
0.48), FE(R FEREClE Y =0.441X+5.47(7=0.60)
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L, W#sb 2,3DPG F L Py {EE AEBIRR
L, 2,3-DPG ED{ET LT3 B Tt RHAMmER
FEELIE T LTWa & ENERITE 5.

6. fetal distress » FHAFRIMIERA 2,3-DPG &
B LU Py fH & DBAGR

S T, BRESBERERC XY, M
RIS @ AR o FEHELIREI60/5 B B F ik
120/ LN F 2 5d8% U7 fetal distress 2441 1 D\
T, BHARIMERANZ,3-DPG & & FED Py {H
HME L, Hidlf Apgar score & DBARA R T
E S EDRERELYR LT,

3% 8 Fetal distress A #:8 L7- B H4AER Apgar
score & FHEFRIMERA 2,3-DPG, Pso & DBER

2,3-DPG 2.3-DPG
Hb DPG/Hb Pso
Apgar (Moles/gr) (Molar ratio) | (mmHg)
8 sULE | 15.68%4.88* 1.2020.31 | 24.20%7.22
TRUT | 13.6543.26 | 0.89%0.21 | 18.40%6.72
(t; =9.68) (t;=9.05)
*means+ S.D.

7>, Apgar score 8 S Bl EOFILIIFS
ST, % oRMEFRIMERRE2,3-DPG Fix Hb lg 4
n ¢18,68+4.88uMoles/g, P;, H1%24.204+7.22
mmHg #7x L, fitfj, Apgal score 7 mLLTF DR
FEHNL134 %> T 2,3-DPG £(113.65+3.26 M-
oles/g, Py, {H1318.40+6.72mmHg #/~ L, {RIE
@, FEEFEFOMC, 2,3-DPG Bk XU Py fE
A DENTD b (5,=9.68,t,=9.05),
7. FRi1ERPN2,3-DPG BEOEEHC T % pH O
22

L5 FTCRABRTEIEBE PO A OIS
2,3-DPG D BZEE) »r ORFEEBE X< K
B o EAER S hiz. %o T 2,3-DPG D
Wi Ry 52 50 L& L b K pH %
L0 B, TZOBI VTR B BREY b orE R
= L7, RIOTHOM X 51, 2,3-DPG & pH
LIXB B L (v=0.74),pH 230 UET T4
2,3-DPG 3 Hb lg 341 1.054Moles J§4 3 5k
BaBi.

n

421

X10 2,3-DPG r pH » 0Btk

24.0 N . T
T ook Y=OmX-g _
58 7=ﬂ.74
5 20.0 :
N
o 18.0 o) :
[]
s @]
S 16.0 0 %06 o 1
o}
© 140 50 |
e o
& 1.0 :
10 g
7.0 1.2 1.4 7.8
pH

O ®erdkirRmp2, 3-DPG

Z =

b b ARIMERPNCERRANCAFAE T 52,3-DPG L,
Hb rES&T 5 LI 1 oC Hb R4
ETFTXRR0 Lipo7T2,3-DPG 0 FE OB
Vi, £0 % ¥ Hb OfpFBIMMIc P& 2101919,
Bl ¥, Bift, BEOOEE, EHEFER ST
UL, 2,3-DPG EAMEIN L C R ~0 B3R
BHENER LB 2 EBMRE IR TCW 5D, 1EF
ERWTh, EROLFBALXB LT, RECHES
BRFEAERTALENDY, Fhe—T, B
FafE AN UCRSR BRI T TR 2 X T &£ 2T
W5, FRIRANOBREHE A — o DREEES L
TEENBED, < ORHMEIY HFRMA~DER
HEAE 4 OBERIK I o TR hTu5 &E 2
bha”. AP AERnERD 2, 3-DPG 1©
BEH LT, FAnBEoRrhcBE OB X
DTED LS e BNEE T 5 DO0%RE L,
REVER S0 BFFEFREIC DV T DFEFE A RD T
ATz,

STPRRE & U7cBE IRt s S OVERBA BT O
FRIMERPAY 2,3-DPG Ble 2>\ Tix4 Tz, Purcell
et al.?® 43 X ¢% Humpeler et al.?® o 45 235
D, AFFGECHEIE & ISIEEL LIEIRERT
WA, Lo LET2 &% €ik2,3-DPG D5
O X AERIIBED NI EEI TS
2%, ARk Hb lg 4b ToE XL EDOTIT
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EVMEXFRD, BLEND BERE2E(t=3.8).
 DEINC ST % 2R FE IR S 5y Tk
7sus,

TEORFER W £F 5 RHAFRIMERN 2,3-DPG F 7
ENT O T OIE IR T b 7o 5 7n .
Rorth et al.?® 1= X % &, IEIRAT & HDBRERTE O
BHAFRIMIERA 2,3-DPG BEXHET5 &, HHE
BTCIE30% & » 2,3-DPG D #EE 235 5 L 4
XhT\3. KPR CHIEIEDLD & B R imEk
N 2,3-DPG @i E U CEIREB D ik #925%
DEEHHZTED, REE %R LUk 5R328 0
FHETE, #948% bR LT, oz &z
Rorth et al. O#EHE L I1IT—FK LT 5, L
URAED D CladrEi L IERREI Ol & ©
HBREOTMEERR LTIz E &h, A% L%
DRICHEHENTR Sh T %, B i ERER
% 2 BT Y] > C RAFRMBRA 2,3-DPG £ %
HIELTAB E, M1, 2RI X 5 clikss
BELTWAZ MR L. L LIEERE D
BT, R 2,3-DPG BRI TR oK
LEEBE LD S, WO AEWER 2T B
FEXRDHD, SH OB ONTOREM TG D
FRICDTCBRIIENDERETHA S,

IEPRREARIC 2,3-DPG B E T 2 B 1188
B2y Tid /s, Rorth et al. @ 3 i M ©
pH 230.01 FH 3% & Fhicfko72,3-DPG B2
¥ %BHEET A EENT WS, AW CLLIETE
ol pH & 2,3-DPG B L ORI EZEDOED
FEBA (10, Y=3.18X—18.80, v =0.74) % =%
¥, pH 230 UETF31uE, FhiewisLT2,3-
DPG % Hb 1249 1.05xMoles/g G 3+ 2 & &
DFERR ST, L Lie S SIERESBIC AL 5 Bk
Mo pH iz & A EZ L Lc\ &\ 5 Lucius et
al. OWELHD, FEOBRER, D LIEREM
¥ pH DIEREGECH: 5 BB OLE) & 3 H7ehs
ofe. LIehioT,  [EIRREICEE 5 2,3-DPG
HETZRER pH OPEOZ BT 5 2 L1
TE .

IEPREEEP I RHA IR Bk 2,3-DPG 2 I8
HIFRERC OV, AR A O B%R

HERHLE4 5

BIFMERE T 32T, AR CORIBMAORER
BEASR 1 X B Liedh B, Lucius et al.?
VIEPRFGEFCRHMAI D Py fEIXZA D K ELE
B Lo EBRNT 5228, 41 Bauer et al.!?
IR B M OB RBAMEE T L, Pso &
P EA LTWBIEE R HTE. TR TH
Bauer et al. |3 fEgE+ & RHEASRMERA 2,3-DPG
HEERT, 0 PyofE RR R X O R
BOEFBEINIFMUORTIZ LB LD THA S
ELTWwA. Z D Rorth et al. 2 4THEAF Off
R OE F B 5 21c2,3-DPG o 858 o
DTHDHERNTND, b 20E, [THEOBTER
X oTREmD pCO, KT L, JWEhs B
D CO, OERERBZCTH. TOKE pCO, D
BT R M OBRRHEC R L CHERft %
% (Bohr B, BRI x pH 230.04 L5
T5 & Py {E%1.0~1 5mmHg 723 HBE)X
%, T 2,3DPG pMWEH L CEAE M ks
HACREIR S, MED Ps @0 EHT5.
ZDAH=RAREPBRAD CO, BRLYES
L, FRCR? B BADOBERES # I &
L%, IR O RMARMERN O =g 2,3-DPG
BEOAEMERIOLSHMINS. EEL
B 9 1R L7z 2,3-DPG D & Py, {H & o B
Py, WFCEE AR R R, IEIRRRET O R
1Ml Pso B0 EF-$ 70 b RHA MEESREFNE DK
T132,3-DPG DEZE A X\ P LE L T D,

T CHEICARG TR, SRR M AR Bk
2,3-DPG E AR LB TuBE i,
FERECIZRE R B 5 ik e, MRE T ED
X ST E BB ONEE L.

IHETRELRIERE LT, EiRC
fRIRIERA 2,3-DPG 2 E LisWBliciy, Wi
WED DS ExildTe, TUGR L2 &
hicb Dk, kb 2,3-DPG BEoFEDET
B hTc. (EPRPEAEEREG Tk, SHMEIRINERA
2,3-DPG Er AMEAE 2 7R3 124k AR SE = JA IR
W ELLDONS S i, ZhbD
2,3-DPG DR <& — v & FEREE & O2svdo D
BB S &, EREBTIC 2,3-DPG &

NI | -El ectronic Library Service



Japan Soci ety of Cbstetrics and Gynecol ogy

197944 A

NAEBRHEECER LSRRV, Bkl oib
BArZ L ER LT, BBERT LR~
FEHEHITEE ShTwb e E 2 bhb, Tihb
b, YLERRES, ITUGR f, (FRFPHBIEEES
ey, BREEREEY &5 40T, BHARIMEKA
2,3-DPG EDEK T LTCWAHIE, JRBEX LT
VLA & i hypoxic stress 5.z T\W\b L F 2 X
5. BRITYRFREEERES T 2,3-DPG B HMVK[E
R LICE 68 Lichhc JR IR FE T o H 4 IR 3T
W oton LR, Al i fetal distress B £
\LUICHTIE, B{ERINERA 2,3-DPG MEEL
RLTWBLDIEARFEADBATHRD I L%
B, RS RREF 2,3-DPG EMET
LT A EMABREE FIic b AR, e X Ak
FRIEW X 2> TR hypoxic stress 23fido b =
T, FERERCELZ ENEZLNA.
ez &nn, BHERMERRN 2,3-DPG i3,
Rk oOMEH M EEL 5 £, BB ET 5
HARBOE CEELBREZR L W52 &, X
B high risk fetus Z A 25 HER X 5]
BEMEL BT OWE TH A LRI i,
PR DR, ARELFT 5 bic ) KBBYIs
TEE VLRV RA UEMc HEERE LT E
Lo, R oHBEHE 2B bok BAERKEANER
B, BRAB—#, ME B, 2 8l e
WRERERENEONDRBOEEEL 7.
ok, K xo— 13| B Axe BE¥ES (197748
7TH, AR, ¥ icr 0B 51358305 H KRR AR
LMNHEWMAU7T8E 4 A, BRI VT HEL .
X
L. BR&E 8 RIREMEE ST % Mg 2,3-Di-
phosphoglycerate # >\ C. HEREE, 29 ¢
583, 1977.
2. FER OB, AN 3, NIERF : EWHLERE
Mo REA 2,3-DPG L a3 s, RER
2k, 25:1321, 1973.
3. K B, Ef —:HRRE~=sevv Kk
~ESvEyv (BEE >0 BE), ERAR
my%, 1 :7, 1977.
4, R B ER ~=reEvE Gh~Es R
vy (BEE»S0RE). ERARME, 2 ¢
36, 1978.

5. FAR & IR, BIIZXR. FEBMES, ¥
R E TEME. BHEN BN —:TH

N

10.
1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

423

EE b2t SFD o . HER S,
15 : in press

FHHE F: EEPBEEEGNR o R4eER RN
EieonwT, HEREE, 28:987, 1976.

=R OB RE o BEL WEAR. REME

%, 6 :45, 1976.

- HTEFIE : B0 REw BT 2 @FWEZH O

HBEROPIL. HEEREE, 40: 235, 1973.

- AEAFRE MWy A DERIK. 173, RAEF A,

W, 1973.

WRFEFE : ~= s v v o kinetics (I) 2,3-
DPG, ngif & %R, 20 : 167, 1972.

HNEE, RBEA Ko &%, 124, ¥
BEIE, R, 1972.

Bauer, C., Ludwig, M., Ludwig, I. and Bartels, H. :
Factors governing the oxygen affinity of human
adult and foetal blood. Resp. Physiol., 7: 271,
1969.

Benesch, R. and Benesch, R.E.: The effect of
organic properties of hemoglobin. Biochem.
Biophys. Res. Commun., 26: 162, 1967.
Benesch, R., Benesch, R.E. and Yu, Cl.: Reciprocal
binding of oxygen and diphosphoglycerate by
human hemoglobin. Proc. Natl. Acad. Sci.
USA., 59: 526, 1968.

Bunn, H.UF. and Jandl, J.H.: Control of
hemoglobin function within the red cell. N.
Engl. J. Med., 282: 1414, 1970.

Chanutin, A. and Cutnish, R.R.: Effect of organic
and inorganic phosphates on the oxygen
equilibrium of human erythrocytes. Arch.

"Biochem. Biophys., 121: 96, 1967.

Charasche, S., Grisobia, S., Fiedler, A.J. and
Hellegers, A.E.: Effects of 2,3-DPG on oxygen
affinity of blood in sickcell anemia. J. Clin.
Invest., 49: 806, 1970,

Eaton, JW., Brewer, G.J. and Grover, R.F.:
Role of red cell 2,3-diphosphoglycerate in the
adaptation of man to altitude. J. Lab. Clin.
Med., 73: 603, 1969.

Eaton, J.W., Brewer, G.J., Schultz, J.S. and
Sing, C.F.: Variation in 2,3-diphosphogly-
cerate and ATP levels in human erythrocytes
and effects on oxygen transport. In Red Cell
Metabolism and Function, (ed. G.R. Brewer),
21, Plenum Press, New York, 1970,

Humpeler, E. and Amor, H.: Sex differences
in the oxygen affinity of hemoglobin. Pfluegers.
Arch., 243: 151, 1973,

Lucius, H., Gahlenbeck, H., Kleine, H.O., Fabel,
H. and Bartels, H.:
buffer system, and electrolyte concentrations

Respiratory functions,

of blood during human pregnancy. Resp.

NI | -El ectronic Library Service



Japan Soci ety of Cbstetrics and Gynecol ogy

424

22.

23.

24.

25.

RERMIRA 2,3-DPG o IEMREBICHE > BB & 2 OBARRR

Physio., 311: 9, 1970.

Oski, F.4.: The effects of deoxygenation of
adult and fetal hemoglobin on the synthesis
of red cell 2,3-DPG and its vivo concequenses.
J. Clin. Invest., 49: 400, 1970.

Oski, F.A., Gottlieb, A. J., Delivoria-Papadopoulos,
M. and Miller, W.W.: Red-cell 2,3-disphos-
phoglycerate levels in subjects with chronic
bypoxemia. N. Engl. J. Med., 280: 1165, 1969.
Purcell, Y. and Brozovic, B.: Red cell 2,3-DPG
concentration in man decreases with age.
Nature, 511: 251, 1974.

Rirth, M. and Bille Brahe, N.E.: 2,3-diphos-

26.

27.

AEmE3LE4LE

phoglycerate and creatin in the red cell during
human pregnancy. Scad. J. Clin. Lab, Invest.,
28: 271, 1971.

Rose, Z.B. and Lichowitz, J.: Direct deter-
mination of 2,3-diphosphoglycerate. Anal.
Biochem., 35: 177, 1970.
Siggaard-Andersen, O.:
new direct-reading oxygen saturation photo-

Experiences with a

meter using ultrasound for hemolyzing the
blood. Scand. J. Clin. Lab. Invest., 37(146):
45, 1977.

(No. 4405 WE53 « 8 = 7 %4)

NI | -El ectronic Library Service



