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BE RREEBRECKT 5 2,3-diphosphoglycerate (LA TF 2,3-DPG) %4 i@l AR Mo Td @%EL, b
RAEBTR T 5 2,3-DPG o BHR > TRIFL, UToExE~.

(D) ZzFEEFlconwTlerMERD LY 0K 2,3-DPG WE X, JEERATL.09ES.D. 0.06, IF
RARM oA T0.9910.12, HiEEE O RETL.0410.14, BEE %Ik <0.8120.17, £4# 1 B o4 R ©0.84
F0.1TMTH o, BRHEBEEARIREFTRCSVWTHRENCER B Lo LB,

(2) WaEhikim pH 237.2180E, FLEE» 3mM/l LI F o optimal # 12 3\ CTHE# BRI 2,3-DPG 13,
leromERD 2 H0.7910.16MT, ZhicxdL T Apgar ¥ 8 AL L clE#ERM pH 237.2050F 21,
FLEBEE2 3mM/l Dl ko b o ©ix0.88+0.19M &L, Apgar #5885 7 AL To 4 o Ttlific0.65+0.08M &
BWOLL T, ThbbBEROBEEBRECA TG T 2,3-DPG wi#mL, vt pH oEd &
&b 2,3-DPG ix3dd L 7e,

(3) BMEEHM 2,3-DPG 1 pH 7.215 7 h THRLWML, SHRT7Y F—v A d WP L. RA
DEBEFIEC 3T 5 2,3-DPG 0MEERIET L v r — v A0k LEH IR B2, BREEBEE Lo O
REBEIRIMT 570 2,3DPG @b+ 0L ELb R,

(4) MR 2,3-DPG fEix 7V « = — v, Buffer Base, pO,, FFA & 4R L, fEMo pCO, %, &
Rl (H*] 2£, AMMEE AL .

(5) MEOFREM & FHEEOMEHES X 07 F v 8o incubation ERR T 35\~ T, 2,3-DPG % 4 @i %
FEAEOBMCIBRE I CBERRO B LR, HCHRRADRCHERABBERBES BLE 52 LR
BETHot.

(6) ACD fuic & %% R Ml RMBR A EI & BRIERRMIET >~ F - > 2% B35 MR & HL
T B, MRA 2,3DPC nERBL L CHERERTIRCEE LERYR ETSEh0oH5 2 & 2RI
L7,

Synopsis Metabolic changes of glycolytic substrates, including 2,3-DPG, in human fetal erythrocytes in
hypoxic conditions were studied.

1) Average blood concentrations of 2,3-DPG in non-pregnants, pregnants at term, parturients immediately
after delivery, umbilical veins, and newborns one hour after birth, were measured to be 1.09 (£S.D. 0.06),
0.99(40.12), 1.04(+0.14), 0.81(+0.17), and 0.84(+0.17) Mol/Mol Hb., respectively, indicating relatively
low concentrations in fetal blood.

2) Mean umbilical arterial blood concentrations of 2,3-DPG in the optimal group, subclinical lactemia
and/or acidemia group, and asphyxia group, were found to be 0.79(40.16), 0.88(4-0.19), and 0.65(40.19)
Mol/Mol Hb., respectively.

3) Highest concentrations of umbilical arterial blood 2,3-DPG were observed in blood pH of 7.21,
followed by a marked decrease together with a further decline in blood pH. The former phenomenon
would be related with an initial response to fetal anoxia, the latter being attributed to a loss of respiratory
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compensation in fetal acidosis.

A P 3529% 5 &

4) Fetal blood 2,3-DPG values were found to be inversely correlated with blood glycerol, buffer base,

pO, and FFA values.

5) Incubation experiments in maternal and fetal blood with a high concentrations of Pi at pH 8.0,
showed an identical metabolic changes in both blood, i.e. a marked increase in F-1,6-DP and ATP; a slight

increase in 2,3-DPG; and a marked decrease in lactate and pyruvate.

6) Changes in 2,3-DPG concentrations during neonatal exchange transfusion were also investigated.

1]

#w B
2,3-Diphosphoglycerate (LT 2,3-DPG) % 7k
HERPS TOMBEERBHBR O TBRIFLETH D, @
PERDOEFEFIC allosteric IfEHEZAF L, MEAFR
b LEiftEx A L, mEREFEE L THBE~D
TR SRAREE A BHT, AR WA, Sk,
MEA, ZIfED fF5 ERMOEE, FIRIREE
BETTMERE 72 & CHR IMEBRPY 2,3-DPG 13sEhn L, #HES
Mgz, 7o F—vA, REMLRKERITTHE
W Bz LB TS AP, 1972). &<
At F f B EEERECRINT S 2 E0VA]
b (Gerlach, et al.l®, 1972), 2,3-DPG % JHIE
T5 L EBBESEL ML DD [HERENE
¥l ThsHLILEbhT\W5 (Valer, et al.?®,
1972).

— 7 RA VR 3 \ > C R MR 0D ik SRR B ph AR 3 K
At UEHef@fe U, FaafmEsE (Pso)
PMEN 2%, FOFEE o —o L L T REMmESE
(HbF) 1AM (HbA) i L 2,3-DPG #%
BHEEIMEL , T DD IR RMABRREAE =
LEiB x5 (De Verdier, et al.'®, 1969). #7
A BIRIR EEREERE A R T R Th, T X 5Tehh
IR MEBREERE AR LT, HA R ORI KU
EE LD EE L bR, Oski® (1973) 1352
Pl O CRAGRIMER CEWT 2 Z Lic X0
T, ROEHERUEI B/ LHRE L. Ln
L7shih 2,3-DPG & Py & OFETLBIRICOW
TEEfa T & D (Edwards, et al.12, 1971) =2,
2,3-DPG DfEsEfEH ~ D feed back HEREIC B
27T H D (Beutler®, 1971) 2 H5H. LTI TK
Proe s RS, B, B omi 2,3-
DPG EEOEL, DHAELRET v F—vA
w35 2,3-DPG EED Bk, Rl X0
BRI O EREEERE (P) & 7 F B & O incuba-

tion 1| X 5 2,3-DPG EBE DAL, scigliicis
7% 2,3-DPG B O 2Lk o R REESE O
el bR L, RRIBERRIEC B\ T 2,3
DPG HED X 57 &% D, 2,3-DPG A
6 AL & D X 5 T Bl % B3 O o HER
L.
HRFEE

WAFIS04E 4 A 22 H514:4 A % TD 1471 7 AR
i, ERASREbC AR USRS, i, BT
B BERIT LT, Astrup bloodgas analyzer 5 I
U® oxygen saturation meter % Hi\~T pH, pO,,

. pCO,, MeFEMFE % HIEL, 2,3-DPG 1% Keitt!?

(1971) DHASEEEREIC X Y, A, €1 Vg,
7V 4 v — i3 Boehringer-Mannheim test com-
bination kit = X b, Fructose-1,6-Diphosphate (F-
1,6-DP) i Bergmeyer® (1974) Oil#7 5 Mi-
chal & Beutler O T, FFA 13FEME S o
F T, Pi i Fiske & Subbarow X D, Ififh
FRRAVT v b~E /R EVIET, T hZh
JIE L7z, pH, pOy, I8 XU MREIME L A\ T
Dill, et al.!® (1940) o sXic Hilpert, et al.!®
(1963) DfEE A F 1o dlog pO,=—0.50 « 4pH
» 5% T pH 7.40 TD pO, » EHL, 2\ T
Hill'» (1910) D= log (i%2%3;><100>::—-n log
pO;—log k+ 21 & DRI HEEFRFIME - pO, {H
T #HER & fFoTns X0k w Hill
L, oW log P50=:Ef_k_ DRI LT Py
wEH L.

4 HefE7] o parameter & LT Apgar 5,
Colorado morbidity score (Lubchenco!?®, 1973),
B YR OFARBIER o E&ff & LT Schifrin-Dame
index?® (1972), bradycardia résiduelle (Sureau,
et al.2®, 1970), lag time (Myers, et al.2®, 1972),
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Komaromy index (Krause, et al.'®, 1973) /g
E, s 1R e R VT T & RS ER
il 2,3-DPG @1 & DAER % ;8%e Lz, MO
incubation SEERIC F5\~ T ACD ¥R X o CHEM,
4 CITfRFE UCdpim 2 I FIDIN e EBR A 1T 0 7.
KERIC B> T AEALEK T3 EBKEL,
Ravazzole®® 23 R X 72 L 5 1T triethanolamine-
HCI buffer (pH 8.0) 50mM, Na,HPO, 50mM,
d-glucose 10mM, NaCl 100mM, KCl 10mM 0 &
KRB 2 HT 5510 % R MBRIFHR & 7e 5 X
51 1LT37°C, 6043 incubate L 7-RiifE D fifgs
FHELBEORELRITE Lic. ¥ foBid E s
WCER LT, BRGATHT, #91/2&L K TR O 3 [EFDLE IR
Mzl LT, S b i s A o —5 %
B LT ERDOACFER BIE Lic. HEHEay e
UL t-test & 7z,
w B

I. FEeEmA, GERRIADIER « S iEE O
i, BRI O FTAE R 2,3-DPG &R

ETEOHED e IHERRER A, IR R IR
REEFR DI - DIRERDOER, RS X0
A1 O FAERD £ 41260 2,3-DPG
BEXE1 oML, &34 % 2,3-DPG R
VZIEREST T 2,0621004M/1, FEHERE O [T5 T
1,7274172, HHEEE O ERT1,8874+194, fE#H
Bk T1,7214:266, £ 58 1 FERS o> B4k B 11 T1,787
+ 2212M/1 Thotc. Tibd FEERICH LT
RARBOERIAR K (P<0.01) ¥ 2,3-DPG
BESAELS, EERk TR Re#mmL T (P<
0.05) FEMEEREABREENL D, FEEGIRMS

£1

éE

585

FraRm b IHERTC I LAERBR (P<0.05) £\
PEERR L ITBBZEN I (P>>0.05).

FRIMBRAE T2 2,3-DPG 2 JEER T
355,805+ 3824M/1 RBC T, fEiERIR, 694+
658, 7ERIER4,6211489, BEEEEIRS, 9934431,
A8 1 REfE O 74 2 T4, 120+7764M/1 RBC T3
2t Tl bIEERTt LR - B « R
DWFhLEER (P<0.01) €L, 1Tk, ER
U Tk 2,3-DPG @EAFEL (P
0.05) {E\ 2%, ALy 5 (P>>0.05) {§
maRE I .

OXMEFE 1lg b O 2,3-DPG EEILIE
§T43C 16.840.89uM/lg Hb, fEHEFREIC15.29
+1.92, /EEEH T 16.114+2.10, JFE#IE ©
12.5142.62, A% 1 R0 HA IR T12.9942.18
¢M/lg Hb TH D, MEBEFRLEAL HlchD 2,3-
DPG J&FE v% FE4FM T 1.086+ 0.057 Mol/Mol
Hb, EIRELIT0.9861+0.124, /HEH T1.038
+ 0.136, JHEEIRT 0.807+ 0.169, 244 1 B
[RIDFTAE IR T 0.838+ 0.141Mol/Mol Hb T
Dfe. ThbhbMaRlg gl Tr Bieh
D 2,3-DPG EE X, JEEMFT i LT Esk
Mk L OF A 1RO FE LM X BET (P<
0.01) {&< ., fEfR bl U OSBRI A B
(P<C0.05) (&<, EMIC i LT FEEIRinss
JTOAER 1 R OFERMIEE L (P<0.05)
B\~ 2,3-DPG {HOBEZE I Wi,

0. FARO—BIRRE, S ERNOBE

Rl b AR O F14: B—R R B I X O
PRI 1LSEME 5 D B4 2D biochemical profiling

Concentrations of 2, 3-Diphosphoglyceric Acid in Non-pregnant Women, Pregnant Women at Term, Parturients

immediately after Delivery, Umbilical Vein, and Newborns one hour after Birth (n=12 cases)

2, 3-DPG Concentrations
n | uM/L Whole Blood uM/L R.B.C. uM/I gram Hb. Mol /Mol Hb.
Mean=*S.D. Mean=+S.D. Mean=+S.D. Mean+S.D.
Non-Pregnant Women 12 20621100 58081382 16.841+0.89 1.0861+0.057
Pregnant Women at Term | 12 1727+ 172 46941658 15.29£1.92 0.986%0.124
Parturients after Delivery 12 18871194 46211489 16.11£2.10 1.038£0.136
Umbilical Vein 12 17211266 39931431 12.51%+2.62 0.807£0.169
Newborns, 1hr. after Birth 12 17871221 4120%776 12.99%+2.18 0.838+0.141
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# 2 Changes in 2, 3-DPG Concentrations (Mol/Mol Hb) in the Optimal Group, Subclinical Acidemia
and/or Lactemia Group, Asphyxia Group, and Cesarean Section Group

I

Optimal Group* Aci?i:]rz}cign;izacll /or éigl}gﬁ’? Cesaréiguieaion
Lactemia Group**

n 21 24 12 12
Mean+S.D. Mean+S.D. Mean£S.D. Mean=+S.D.

Maternal, before Labor 1.090%£0.310 1.090£0.406 0.987%0.361 —
Maternal after Delivery 1.065%£0.226 1.174+0.303 1.065%0.297 1.200%+0.219
Umbilical Vein 0.819%0.155 0.858+0.174 0.677%0.187 0.871+0.129
Umbilical Artery 0.794£0.145 0.884+0.194 0.64510.084 0.9031£0.174
Neonatal, 15" after Birth 0.716£0.084 0.839%+0.168 0.716+£0.077 0.877%0.135
Neonatal, 30" after Birth 0.748%£0.103 0.865+£0.174 0.742%0.135 0.871%+0.116
Neonatal, 60" after Birth 0.806%0.219 0.968+0.168 0.67710.245 0.858+0.200

*  Apgar Score = 8, Umbilical Arterial (H*) <60 nM/L, (Lactate] < 3 mM/L.
** Apgar Score = 8 Umbilical Arterial (H*3} =60 nM/L and/or (Lactate] = 3 mM/L.

*** Apgar Score < 7,

X oTHEERY MELEY. Tab b HER
Apgar 881 238 Sl k., BEHEIIRIUKSE 1 4 v
(HYY 2360nM/1 LIF (pH Ti7.2180 k), #AEE
i3 3mM/1 LJFD & D% optimal (B4
B, Apgar fBE( 238 mUE, WEEHEMRM (HY)
p6OnM/1 [ | 7>, FLEAE 73 mM/1 LLE D %
D% subclinical acidemia and/or lactemia Ff,
Apgar FEHH 7 HELT D & D% Asphyxia ({K3E)
FEL, chb i EYRERD 4 ORI
% 2,3-DPG EEOF LI E 2 RTEBVTH
5.

T 7ebhb ¥ optimal BT BED 7B
BT 2,3-DPG J&RE(31.091+0.31, DHEER T
1.0740.23, 80k C0.82£0.16, fEHEIR T
0.79+0.15, 4154 OF4 B LERIRIL T0.72
+0.08, %304 T0.7540.10, 46073 7T0.81
+0.22Mol/Mol Hb T kof=. Tiobb sk
TAHTS X OV phE A o R MU s B iR, A&
#1547, 3047, 60y o FA R LER (P
0.01) B\~ 2,3-DPG EEMN Z LRI, THICH
L subclinical acidemia and/or lactemia PHTIXRE
(A HRBRATRT1.0940.41, A EpEH1.1740.30,
JEHEEEIR 0.8600.17, i #5 BIIR0.88£0.19, 4
#15470.8440.17, 30470.8710.17, 60470.97+
0.17Mol/Mol Hb }», 2,3-DPG & 5> optimal
PR U C154), 304y, 6043 @A R EIR M

EWTHRBR (P<0.05) &fEx~Lic. ¥
{RFERE LI AL R ERLEHT0.994+0.36, A BREHR
1.0740.30, JE4&R0.68+0.19, fFH4ENR0.65
+0.08, 4:#15%70.72£0.08, 3040.74%0.14,
6040.68=0.25Mol/Mol Hb [, optimal Tk
UsEBhiki © (P <C0.05), subclinical acide-
mia and/or lactemia FfiZ b L FE#H#EHIK (P<
0.05), JE=EIR (P<C0.01), 4157 (P
0.05),60%r (P<C0.05) OFERM THEREILL
2,3-DPG EBE N Zbhi. BRECHFTRETIE o
BB O RHAMA 1.20+0.22, FRig#lk0.87+
0.13, FEEINR0.90+0.17, 4#15470.88+0.14,
30470.8740.12, 60470.86+0.20Mol/Mol Hb o
2,3-DPG %7~ L, optimal BfICt LA30/7
DFERMIZIS\ W TOAREE (P<0.05) &fF
N,

. BEEERC 005 KEA 4+ v BER O
2,3-DPG JEREE¥s O Py

Bk s\ (HY) B0 2,3-DPG B
K IO Py R LIchDAFES T, 3 HY) B
45~50nM/1 T E# 2,3-DPG JF130.79740.15,
50~55n/M1 T0.8940.18, 55~60nM/l T0.81
+0.16, 60~65nM/l T0.89+0.13, 65~70nM/1
0.8240.20, 70~750M/1 T0.74+0.25, 75
nM/l [l E T 0.53+40.09Mol/Mol Hb T (H*)
7360~65nM/1 (pH 737.20) D Hic b THRHEW
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# 3 2,3-DPG Concentrations (Mol/Mol Hb.)
and Py (mmHg) Values at different Hydrogen
Ion Concentrations (Umbilical Arterial Blood)

Umbilical Arterial 2, 3-DPG Psg

Hydrogen Ion (Mol/Mol Hb.) (mmHg)
Concentrations -
(nM/L) n Mean=+8.D. n |Mean®S.D.
45— 50 20 | 0.787+0.149 | 20 | 27.6% 5.0
50 — 55 22 10.89110.184 | 23 [ 24.2%£10.7
55 — 60 24 10.809%+0.155 | 27 [ 27.1% 7.3
60 — 65 9 10.894%+0.132 9 |27.7t15.4
65 — 70 9 10.824+0.199 | 11 | 25.4% 6.1
70 — 75 7 |0.73910.249 7 | 25.0t 5.5
=75 5 | 0.533%£0.094 3 /21.3t 2.0

2,3-DPG EENBEI . i (HY) H60~
650M/l = %iF5 2,3-DPG EEIC L, (HY)
2375nM/1 LIF & e ofc & @ 2,3-DPG B 1
BECEMENR A D (P<0.05).

R LT Py 12 (HY) 2Y45~50nM/1 T
27.6+ 5.0mmHg, 50~55nM/1 T 24.2+10.7,
55~60nM/1 “T27.1+ 7.3, 60~650M/l T27.7+
15.4, 65~70nM/l T25.4+ 6.1, 70~750M/1 T
25.0+ 5.5, 75nM/1 LI T21.34+ 2.0°C, (HY)
H360~65nM/1 TR U b @\ Py {EV R DR
7z.

IV. Apgar 8§70 2,3-DPG &

A8 153D Apgar $BEFID 2,3-DPG EE 1D
WTCERLRRT L5, (HY) iz EEFEBTI
IRehy, A 1D Apgar B N7 0L E,

=3

587

2% 4 Mean Umbilical Arterial Blood 2, 3-DPG
Concentrations (Mol/Mol Hb.) and Pso Values
(mmHg) at different one-minute Apgar Scores

2, 3-DPG Pso

One-minute (Mol/Mol Hb.) (mmHg)
Apgar Scores n Mean+S.D. n Mean+S.D.
10 36 |0.83810.174 | 42 |28.4+10.5
9 38 |0.834+0.188 | 49 |27.0* 8.7
8 8 [0.791£0.100| 8 |21.4* 4.3
7 0.903+0.169 | 6 |29.5% 3.6
<6 11 ]0.716+0.210 | 14 |23.9% 5.9

2,3-DPG JEFEE10.90+0.17Mol/Mol Hb, Py, 73
29.5+ 3.6mmHg THEIEMENRL LRI,

V. BEEIRIC 3 1 % 2,3-DPG j&E, Py,
L fifi> parameter & o FEES

Apgar {55, (H*], pOj, pCO;, REJEHEID pCO,
Bt , Buffer Base, 7'Vt w — LJEE, HEE
BEL 2,3-DPG & L Py, O HHEIZEE D correla-
tion matrix /R L7cD2ES5 THS. n 2t 100T
HBHDT 1 HLEUT OfEk s T O MBS & T MBI
i 0.208, 5 %A TO/BBRETOENIT 0.159
DETHAH. 6oT 2,3-DPG EE L pO,, RIE
fl]> pCO, 75, Buffer Base, 7'V = wr — /L L DfH
CAHEOMHES (P<0.01) 235 WMoy

BOME (P<0.05) 23&xbhte. L Ligh
B Py LflLd parameter & ORIt FHE D HEE
R BRI a2tz F iz Colorado morbidity
score & v =0.362, Schifrin-Dame index & |} 7 =

# 5 Correlation Matrix of Umbilical Aterial Blood Biochemical Parameters. (n=100, a=1 % correlation
limit : 0.208, @a=5 % correlation limit: 0.159). ApCO.f-m means the difference of pCO; values between
fetal umbilical blood and maternal peripheral venous blood ‘

Pso Apgar (H%) pO: pCO; AE EOZ B.B. Glycerol | Lactate
2, 3-DPG 0.121 —0.107 0.154 | —0.298 0.114 0.301 | —0.298 | —0.344 | —0.159
Pso 0.082 0.046 0.105 0.102 0.152 0.083 [ 0.018 0.051
Apgar Score —0.547 0.059 | —0.209 | —0.380 0.332 | —0.250 | —0.167
(HY) . —0.236 0.448 0.676 | —0.552 0.224 0.338
pO2 —0.314 | —0.243 0.092 | —0.025 | —0.155
pCO; 0.722 0.221 | —0.074 | —0.025
ApCO; f-m —0.113 0.020 0.190
Buffer Base —0.170 | —0.355
Glycerol 0.141
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# 6 Incubation Effects of Maternal and Fetal Blood Cells on F-1,6-DP, 2,3-DPG, Pyruvate, Lactate,
and ATP in a Medium containing 50 mM Pi and 10 mM Glucose at pH 8.0. (n=12)

F-1, 6-DP 2, 3-DPG Pyruvate Lactate ATP
(uM/L, RB.C) | (uM/L RB.C.) | (uM/L RB.C.) | (uM/L RB.C.) | (uM/L R.B.C.)
Mean=£S.D. Mean=+S.D. Mean=+S.D. Mean+S.D. Mean=+S.D.

Before 195.9% 51.0 3362+ 927 43.36£17.58 | 996.9t749.5| 790.51+133.1

Maternal Blood After 711.0+236.5 3512996 10.26% 6.45| 605.2+£189.1| 987.2%174.0
A 515.1%£504.4 145+ 163 —33.11%14.36 | —391.7+725.4 196.7+193.7

Before 214.7% 64.0 3169+ 861 49.28+22.60 708.4+285.2| 857.5%150.9

Fetal Blood After 799.6+£450.4 3464+ 688 10.14% 4.55 602.5+1127.6 | 1149.4%£273.1
A 544 .71+552.7 278+274 —39.30%£22.39 | —105.8+240.5 | 291.8%288.5

27 Substrate and Acid-base Balance Changes before and after Exchange Transfusions
in 6 Newborn Infants with two-days-old ACD-stored Blood. (Central Venous Blood)

Parameters Pre-Transfusion Post-Transfusion ACD-Stored Blood
Mean+S.D. Mean+S.D. Mean=+S.D.
2, 3-DPG (mM /L) 2.01£0.51 0.9670.33 0.61%£0.20
2, 3-DPG (uM/1g Hb) 15.87%5.30 7.31£2.26 5.40+2.25
Pyruvate (uM/L) 128.1144.1 153.0140.0 236.3£92.0
Lactate (mM/L) 2.00%0.40 2.6710.81 3.92+1.52
Pi (mM/L) 2.01%£0.51 2.181+0.49 1.56+0.39
Glycerol (uM/L) 305.8184 .4 224.0%£78.0 99.4£45 4
FFA (uEq/L) 768.21475.3 416.2%215.7 248 61 146.2
Glucose (mg/dl) 88.2+30.7 127.8+51.2 358.51+42.5
Acetoacetate  (uM/L) 76.71t19.2 70.1+7.3 48.2£8.5
B-OH butyrate (uM/L) 36.8+16.9 33.2+9.6 27 .4%x11.7
ATP (uM /L) 767.2+237.0 651.0%186.3 514.5+143.0
pO2 (mmHg) 49.3%17.8 41.1%12.9 45.5%£13.9
pCO, (mmHg) 42.8%14 .4 51.5%11.1 156.4+46.2
(H*] (nM/L) 48.4%5.0 56.5+12.3 231.0t42.2
Base Deficit (mEq/L) 5.5%2.9 6.3%3.3 (uncalculable)

—0.315, bradycardia résiduelle »i% v =0.281,
lag time X% 71 =0.260 & 1 LAF O fEfgsk T
HE L, 7B IHREHE &1 r=—0.171,

Komaromy index k1% v =0.163% 5 %L TFD &
FRETHEA L7c.

REARIMERI T 3,367 5 3.51mM/1, FAEHR
MERTH3.17553.46mM/1 &3 i ghn Lic
DIJ\E Tehote. —H e VBRI RRIIER T
43,4725 10.3eM/1 ~A, JBARIMER T MR
49.37:510.1#M/1 Wil Utc. % -3k

VI. &B/R1MERkD incubtation S2EA

R 2 0> LR UERIMN 2 R LA D SR Bk %
Zee L < pH 8.0, 50mM 4EHERE, 10mM 7 ¢
wEEDO R T 37°C, 6047fHE incubate U 7= Fijfg @
F-1,6-DP, 2,3-DPG, v A v Vg, FE:, ATP ©
TR LI b DAFE THS. Tihbdb F-l,
6-DP X BIRIMERIC 3\ T, 19625 711p#M/1
BN, FRRARIMERTY 215725 800#M/1 ~iz
ERED BN A b i, Zhic %L 2,3-DPG

MERT 99745 605M/1 ~, WFRIMERT 7080~
b 603uM/l ~ A L, ATP (IfF#RIIER T 791
25987 M/l A VEFRIMEK T8584> 5 1149M/1 ~
Binlic. b bRFRMERO VT RIEE T
BEEO EEBEL 7 YL O incubation 1T X
h F-1,6-DP L ATP R ZEB f8inL, #i &
A VEED BB LI Ch b b,

2,3-DPG (I Licic & Ko7, Th
S5O TEEXII L FA—D
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Ax— vz,

VIL. 4 Az e 31 % 21k

RTRELLTHFEARS Y LV E VIMFERR T
%A MBETE DR, 1, BOBEBEMELEh L
M V72 ACD Il GREERIMmE 2 H) o
HAEBEMEE ER LD THS. Tihbb 2,3-
DPG 2z A H.OF IR 11 2.01420.51mM/1
(%721 15.87+5.30#M/1g Hb) 754e L 7= 7%,
2,3-DPG %0.6140.20mM/l (% 7213 5.4042.25
#M/1g Hb) U7 L7c\ > ACD [fi CAZHg I %
T5 &, sEIm% 2,3-DPG 120.964-0.33mM/I
(% 721k 7.3142.26#M/1g Hb) * ZHic (p<
0.01) WA L. chicstLery viEg, #EE,
R, N SIML, ZY e —a,
FFA, 7 M EF%, B-KERLE&EE. ATP 7p i
B Lic. & oXcigaigmss ot B Ogikino
¥ H AEDZE(LIE pOy 7349.3%55 41.1lmmHg
A L, pCO, 5342.8255 51.5mmHg 12 #4jH
L, (H*) 7148.40M/1 (pH 7.32) »:556.5nM/1
(pH 7.25) wEW w4 L, Base Deficity35,57
56.3mEq/l BN Lic. %72 o g
Wiy pO; 45.5mmHg, pCO, 156.4mmHg,
(H*) 2310M/1 (pH 6.64) O fRBEIIERME: 7
Y=V ADRBIIDZ LS RBLE.

& 589

Z =

3% 2,3-DPG » JHIZE 1>\~ ClL Teunissen et
al.?” (1974) 2 BRXTW5 X 5 & colorimetric
method, enzymatic rate-dependent method, enzy-
matic end-point method 235 0, \WFhHFDIE
WA CTHE V- OMHEBE0.99 L EE &h 5.
FLEE D FV 7z Keitt #2132 @ 5 % end-point assay
CEIEH D ERERC 2,3-DPG 32 JIE Sk .
Py & oWTiE (1) BE&no pO, & Hb % g
I RBRAMELYIE L CRRR a5,
(2) Hb Offix HFRFEAFEICE TS pOy A H
E LRI Z FOT Py 2 RDB, (3) 5
LRI LIcIli® % 100% O, & Ef ¥, MK
D pO; LTMOMFENLD XY va—x—it X
DEERMBEEHIR A0 B &\ 5 3 HENRD B LY
(LUAY®, 1972), ABZE T (2)1c > T Dillv
F L Hill'® o %4 F\vs, Hilpert® o B4R M
TE$0.50% A% HEEx FIH L.

EEBA O #inEk © 2,3-DPG % 4 ~ 5mM/1
EHRE TR EEEE D755 Hi= b, ATP
2 1.5mM/l w5 ¥, chbn®indTsE Py
% 2,3-DPG 1mM A7 b 3mmHg 8550 LC i
RIEBEIR I G ~BEIT 5. 2,3-DPG DA FKIiT
E1on< GA-3-P 225 dehydrogenase & NAD

® 1 Pathways of Glycolysis

Triose-P-isomerase

DHAP

GLUCOSE
A

J Aldolase

Hexokinase

i
F_|’ S-DP Phosphofructokinase

NAD*

GA-3P

FAD

snG-3-P

ADP

Glycerokinase

GLYCEROL

NAD*

NADH Pi
GP De;‘):;fsnase 1 NADH : GA-3-P Dehydrogenase
\ 1, 3DPG

)

ADP DPG Mutase
PG Kinase \ 2,3-DPG

ATP:
3PG 2,3-DPG Phosphatase

Pi
H Pyruvic Kinase

PYRUVATE

.

NADH
ﬁl on

LACTATE
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DFAED b Lic 1,3-DPG & 7¢ », DPG mutase
=X b 2,3-DPG AR IR 52, 1,3-DPG @ 5
%7 D88~90%it ADP OPEHIT 3-PG L7 b,

2,3-DPG 1Z7a % & DIL10~12% W £\ ». DPG
mutase OEEEEMEIL pH F&, 1,3-DPG, 3-PG 0
BE R X W EESh, 2,3-DPG DEE ERFI
I oigIEh s, EBERECRVT, (1) B
¢ Hb 23 #4850 L T %8 2,3-DPG 24 $5.

(2) Z2MIERE R AT 5 R EED MR T v
he—TAREIOTHKOKRA pH s EHT 5,
(3) 1BHEEMFIE T Hb 28T 5 L&tk
B/ LT Donnan 5P % i U T rifidk pH
M7 AV EINBET 5D 2,3-DPG 25 #E8hn+
5HEEND (Gerlach, et al.®), (4) X6 5k
MERA pH EFI X b phosphofructokinase #EM:
AHEIN U FRIERAEERE D TTHE L T 2,3-DPG 2
WmTsEbEE2Lbh5%.

Lo L7 DEMREEIC IS CEE 7 > ¢
—o Al XA pH {EFic X v dlog P.o/d4pH TR
Eh 5 Bohr BRI X 0 EERMEER G T ~B
BLT Py % FHICEL2TWS EIH, ThayE
REETEEC RIETSHE, 2,3-DPG 23 L T
Bohr ZhE % &35 D B b o EE
B EMBIEY kT 5 Gy hoH L Shs
(Bellingham, et al.”?),  UL2>L 725 Rand, et
al.2® 2R 2,3-DPG JEEED Ric % Bk £
SRAEIC LC % polarography THITE L7chd, &, #7
A DMK pO: © Z(tix 13I3FEKE T 2,3-DPG 0
W pO, W RIETHEI NI WD THAHS &
HEREI L7c.

ZD X B3 BAR BTIE 2,3-DPG im0\ T
L OMANELR TSR, 5, BIE, it
BRIZDOWTE REDO & %\, FoRMY 1L IE
HiRALBRED 2,3-DPG BED £\ & #iE
L, —7 Enoki, et al.1® @A i (I AHA M &
n AR 2,3-DPG BE4 B Uk, ABF
72T % BRI FHA IS B LS 2,3-DPG &=
 BHIL, BRI D BABEY
BT HOREFTHLA S LELDRI. 1cfE
1B 113 HbF 2% 2,3-DPG 156 U BAWEAE < B

AERFE29%5 5

JC Hb @ S-gHicff& LEi & I, Oski®® 3z
Do FIMER 1 ml 7z h o 2,3-DPG & (#M/ml)
WA Hb 0 %% #4374 ® % functional DPG
fraction LIPON, Zh i Py AAEGHBEAEET S

L L, %% Orzalesi, et al?2, T DPGx(HbA
(2%)+0.4x HbF (%)) (aM/ml RBC) % effec-
tive DPG & L Zhn Py, & 0.931% &\ HHES %
AT EXRIB L.

DX Fleb s R L pH 287.205720 T
2,3-DPG JEEEA T 5 B DvTix, BB
SRR FEAE O initial response & U T BENERETOHED
fodd (4fAP) E#E 2 b, 0728 subclinical
acidemia and/or lactemia FTHd 2,3-DPG &
FENEL b hY, IRFERETIIREET v F—> &
Dt 2,3-DPG Mz o TR L, BRERE
FECB W TIHADI S MERET L7 v — 2 AT
IAHRMED T, LA pCO, X #EINT %
o 2,3-DPG BENBATHLOEEZ DR,
2,3-DPG ZhHE ¥ v 4 Bohr )R 2EKIER A X
eEER R LB EEZ DR, Py 12 2,3-DPG
CHLEZDOBIED DI RE LTS EE 2 bR
7o. BRI @ 2,3-DPG BE L 7V v r — VRE
DA O TSR D RAEY T 2 HHE
WHBHLDEBHRIC.

AR \TERS Pi BIOE Y PR
B\ T pH 8.0°T incubate L7z #55, S
B RO TTHEN L BT b h vk BT 2,3-DPG
DML EP TR, BRE DI 2,3-DPG BEE
ERACEEEE DD, HHBEL LD BRI
WZ kAR R U Z ORIEIO T Ravazzolo,
et al.?® I ECAIM X » & BRI 2,3-DPG EE
EAMRERHTH O LBRNT S0, AL
i 2 BFREILA TRV B iviess, B ik mo4mks
LA THC O hicld EE 2 bk, sl
D 2,3-DPG b @ o\ Cit ELfh® 2% 4 °C %
o ACD [ CiX Il 3 ~ 4 H T10#M/1g Hb L
TEiebh, 1BTRETELELRD, BETILE6HR
MTs5uM/IgHb I FElkbz s RHL, oh
R L ATP RIS RESRD L. LasL
RPN HATHEGIZ S T2 D X 5 e REMET o ¥
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— VAR X A& 2,3-DPG BED K% AT
B R EE B R OBEEIZ A BT, Bohr
R I OoTHRIEI N T 5 mTReEr R h
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AREFFE L E28EI A ERENEES, S L OHI2EH A
FEREECSWTED BE % HFEL .
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PHETFR, BEAYETFHHE v~ 2 — PBETKC
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