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SRAFAFEEFIANATEE—HEFIETE RS —ER)
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(FRF434E 7 A 5 B3

KHTOEE 1Z19674F 9 AiCHIBE AT EPIMRFERXICBOTREL .

i DB ESEAIC B L TR IBRIC R HHEIT 7 o T
SEMISTRESTT b, £ 0T SRR DHSE
FEINTVE. —RHRCPBROFHEIEINTN
WkaicBbhd. UL LRNERANOBEREYSE, C
nEMEOBREETHEOEEEIC VTR, bhbh
OHERBEETIINL, THERORBRILTLE—
H LY. FIZIEHRMERAO CO, OEDE, Rk
HNEICE T 2 REEOE—REEs (pK1), IRIOZRE
A5 HT @ Donnan i, Hb ZEEEICHALL
FRIMER D MEEEE A TEIC RITTRERT VT
REEDEHTH 5.

Y L OMPEICDOWNT, in vitro TED Pcoy
ZIEALE12EEA, MEE & IRMIERA DEEE T DK
& 2 OHEEBFRICOVTHREL, 2, 3OREE
DT CICHET S,

2 B F &

I. EfEmiE s mEiRmeskak o

BRI SE & EATIRARIC B B FRIMFBK 2 FUEFRINER & WF
BT Licds.

~s%Y v % 3000 unit/! OEET MI UMK
%25 L, —Fl Pcop DEVERT, fiFid COxz
S FINIEET 37°CHB0~600H b/ A -4~
T I, Bohk 2 o0MKkE, [ETICEY
ZF L RIEEEE (20cc) NT, WAAREESIKRSE
L, Pcoy L7H5-T pH DEIL -7 6~8AKDEH
BaEoL o, Tho DFEBEREITIRED T Tl

ERMBRICELTEET 5 lonic, BEEAN TSR
DA TLBTHU Iz EIcEFTHEH LD 37°C
DEEANTEVILELMMBENICIL TR, ¢3LT
37°COIERZEN TEE 14 cm 3000[H #3045 [H2.0 5
BEETTIR 5 72,

T U F BRI S & F AR IR 2 Bl 2 DIEHERICE
BFIBELRD, %EFICX5IC10%D saponin IFIK
%ﬁmﬁ®%wﬁmlﬁﬁﬁw,9§®mﬁt%@m
%, RSBRML, BlAERT S/, '

ZOWM L RIIFHE S, SSICKRBEIHLL
EHEMIEIC DO TRERERR, 37°C icBid 5 pH T &
TEOBERICSVWTHIEL .

T. SREFRIER & S8k R O F

Y ¥ MR %S0 LI & FRmskic L, £oiR
MmEk%E & - T HBANERD saponin BR &7 7E
WEDIC A7 F = Tova -k BIENA, B0
iz, ThE L/ A~ 2 —THRY, Pcor DEWVER
2, COz DINVEREEMIE, Pcoy LicdoT
pH DRIL S 1t—EDHERZ{E- e

MmEEBFEBIC 243 L, — K Pco; DENERT
3°C Db/ A= E~NTHIZ~5SMHFHSY,
DO—FRBEHPTIREL, Pcor 2EI LK. THL
T L7z Peoy OFWVIMEE S BV IEERNANAD
HAICRAL, Pcoy L7zdioT pH OB 5 H—
HEDIMEEEEo 72,

T DAMEFRMBRNTE & S REMEE 2 80 & FIRRICKR R ER
B, 37°C it 3 pH N ETHRERAZREL 2.

Studies on the Acid-base Equilibrium of the Blood Components. (I) The Change
of Acid-base Equilibrium of the Blood Components in Response to Alterations of the
CO; Tension. Katsumi Ishikawa, Department of Pediatrics (Director: Prof. I. Saga-
wa), Department of Physiology (I) (Director: Prof. K. Saito), School of Medicine,

Kanazawa University.



204 )

T ABEMEEIC DV TRMEEREEEMUEL
o ® & i )

1. pH HIE

pHEIEICIZ Beckman physiological gas anal-

yzer model 160 %N T 37°C BT 2~ 3 [EIHE .

EL, TOEHEEE 0T

2. BIRBE

Van Slyke and Neil ® RIFRIEA % 3H78%
AT 2mEAlEL, ZoVHEEE - k.

3. Hb #EpE

Hitachi @ spectrophotometer % i\, cyanme-
themoglobin ik % ¥ T filter 530 mu %2 A
T, 3EHEL, ZOFHEEE L.

CORBEDHRERL oL BEAEE%E Van
Slyke and Neil OEIERIME R 5 #Ee% A THI
E U mEER RO T 2.

4. MEEHEERE

7 vy MEENES AR, Biurety RISIK L3
FETIEREL, TOREE@EEE .

5. s LCRMPFATEEE

MR L URMEK 1ml 2HEAERBOE-H—IC
Wb, 100°C, 1ML, TORBOERDEE
b o TKFEEE (g/cc) &Lk

EENEICREBROERRFLEZERL .
V. ~= 7Yy ME (Ht) OBEH

v vk &S EERmERO Hb BA2RIEL,

41 Hb & (mM/1)
JRMUER Hb & (mM/1)

& Ut
V. Iu#E (HCOs™) DEE

m#ED (HCO3~) i Henderson—-Hasselbalch M@
AEERBLT

x100=Ht (%)

(CO T

1+10pK —1H
iz&k, (COJT & pH DOERMEDSRKBI:.

{5L, (HCOz™), (COPr ik ZH &, M¥E D
(HCOs7), ¥ COz; ® mM #EE, pK’' iZ 6.10 (37
°C) £¥3.

VI. RpRiE CHCOs™) OFE

FRINFA D (HCO37) ZEHEMETE XD S, K
@ 1. Roughton ik 5%k, 2. Donnan Hick 3
Tk, 220K EICL-T, FRMFRAND (HCO3)
R

1. Roughton T k& %58

RERIIRMBRTTIZ CO2 (REEAR), HaCO3 (BR
B2) HCOs~ (EREE A 4 ) LU carbhemoglobin

(HCO3 )=

n

(Hb @ carbamino {t&#) D4 DOBTEET 5.
U708 o THRIMERFIC BT 5 (HCO37) ZIRDAD
KD ITHREEED S (carbamino COg) & (COy) %
ZLEWTRDLNS.
(HCO3)=(CO2)r—(carbamino CO3z)—(CO2]
1)
1) (COzrT
Van Slyke and Neil @ RIERIMEH R8T
B L ERlEE (COdr &Lk,
2) C(carbamino CO;) DEE
Roughton &7 Roughton & 1012 T ki,
Hb £F® globin 23 % polypeptide chain
@ terminal NH; 19 & CO; ORI HifEA DA
bhaElns.
ERAY XS
H(b%VHz+COzSHbNHCOOH‘—_:>HI(Dl;IH—
a c

COO-+H+
BL ( ) BRBROFOREZFEDLTEDETS.
HbNHCOOH OfB#kiE#i3#95.8 TH 505 (Hb-
NHCOOH) iz (HbNHCOO-) itk T ERLE
52E L DREHBICERBERAOENZITIED S &
(HbNHCOO-) (H+) _ e ek
CHbNHp (COp K¢ CFEER)  (2)
e ROF & FRICRIZL

HbNH;3;t*==5HbNH;+Ht+
(a) (a)

CHICEEBEROBERNEHTIEDT

CHH)(HbNH) - o
LOMONED ks (EarER0)  (3)
&7 3. Hb @ carbamino CO:f8MEASZ L9 5 &
_ c
Z= a'+a-+tc (4)
&5,
(2)(3)(4) A&
7 = KcKz(CO,) (5)

KcKz(CO.)+Kz(Ht)+(H*)2
%155,

Roughton 27> ® OzHb XL T 37°C it
Tid, Stadie 5 W @ EEHELD pKc=4.60,
pKz=7.721D% & T 5.

LIcSoTZhoDEHE (COJ BLU (HY) O
ERELD (5) Rick->T Z52EHTB L, C(car-
bamino CO2) iZ (Hb) L Z%AFEU TRD B EMT
5.

3) (CO

Y Y IRIMERD KB A ZAD Bunsen WINE («) %
37°C T 0.44319 L9 3 LFRMHMAD (CO) i
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0.0591aPco;=0.0262Pco; (Mol/1)
TELNhS.
Pco; (mmHg) & HEH:M4E0 pHp &t HRIREE
(COJT DEPUE L DIRORNTHRD 2.

_ (COyIT
Peory=""5 0308 (10o5-2% +1)

P EDREEFHEIC L VEL N (COJT, (carba
mino CO2J & (CO2J % (1) KHTEHT, FRIMFK
@ (HCO37) ZEM L.

2. Donnan Hic X35k

FRIEKED Donnan JEFEZ HCO3~ iKDNTHE
23&, Zd Donnan K 7(HCOs) i

r -
PHCO) = —FH GO
{ ) i molal EE (mol/kgH;0) %#b5DH
3.

CZTHE 1 XV MBARSIEERIZ 0.9252 g/cc, 7R
MBRKSEE &L 0.6505 g/cc THE0H, thb%E
BT HCO3;~ @ molal ##E% molar EEIC o
3 &, (HCOz )e(mol/1) iX

CHCO37)e=0.703(HCO5 Jpx7(HCOs™) (6)

F7- Fitzsimons 518 Jhife FDMmiE pHs=

7.4 T

_gH4 - (HCOs e
=gl —0-9 T FHCOs s (7)

(7) X7t cHY B 7 RERICEZDPEEL 7oK
%44 VER, (HCOs) ZEREE A 4> © molal %
BEEdH o3, D 0.9372 3% Fitzsimons 5
1) DI/ 7z FE (RS OmXD F1F) X0 pH
6.9~7.7 DEBICBNVT—EE AL LES.

(7) v r(HY) %#oT

e
r(HCOs) =) (8)
—7 k@0, vrE&mMcEd s Rm%AS O

pH ORIz
pHc=0.898pHp+0.637
BARMBKOIED. Th kD

log-—:gg—gz=log7‘(H+) =0.637—0.102pHp (9)

15y, KFEA4> ® Donnan H; r(H+) 3 pH @
BEE LTRINB. LicdoT (9) i pHp %44
ALT 7 (HY) 2k, (6) & (8) »pEIRORIC
LV (HCO3Je ARDBZC EMTE 3.
(HCO3)e=0.756 X (HCO3 Jpx7(Ht) (10)
PITHIRE B2 520 Ui s -l
X, ChICIHKET 2 Esames SE, REMic kT
B EHEREEY SD, MEFHE r THOHT. niZR

LT 5.
2 B KR M

1. 2&MiciBi 2HRIERASD pH ICDNT
BEIME B LU chd T L7 BEERIURAED

pH BIEEX MK Pcop OZEBICHE S IR ML 3k AISH

pH OBFZEAER1ITRL . BERERNICSHT S

M1 Amicky 3RMmkAZE & M¥ED pHOB
Red cell pH
7.8
7.71
7.6
7.5
7.4
7.3
7.2
7.1
7.0

Y

eAg.-'||II|llll|[

68607.07.17.27374757677787938.0
Plasma pH

n=145, r=0.982, pHc=0.898 pHp+0.637

LRBDONZ» 5, B/NEREICK D ERERERD
3 &AM pH FHIICB W TRRMERAZA pHe &M
% pHp ODRIC

pHc=0.898pHp+0.637 11)
TEHLINZERBRIIT 5.

Z T, n=145, r=0.982, SEr=0.003, r i3#
HEWICH L hCEBETH 5. TAMBRKIE bx=
0.898, by=0.835, SEbx=0.003, SEby=0.003,
SDx=0.277, SDy=0.253, Zihiic PAOLHICEE
TH5. (11) £V, Pcop Kk pHe DZE(LIZFER
AT 3 pHp OEDHK 90% IC1kF 5 & &b
5.

. miES LOROEFKSEER

#£10kic, 6FIDFET, MPKSTEERRI,
0.9252g/cc (SE=0.0020, SD=0.0049), RIMERK
SEHEE 0.6505g/cc (SE=0.0055, SD=0.0135) &
5o,

M. ~=r29 v ME

FO6E3ITOXIIC, 100IOFHET 44.8% (SE
=1.79, SD=5.66) TH 7.

V. FROBAICE T 3KED pKy/

FRMMFRAICBN TS Mg 5 AR, (CO2,
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F1 MERCRORAEDOKIEFE
X & & F B (g/co)

i L3 oM Bk
1 0.9327 0.6626
2 0.9160 0.6292
3 0.9268 0.6639
4 0.9247 0.6580
5 0.9258 0.6543
6 0.9250 0.6347
x 0.9252 0.6505
SE 0.0020 0.0055
SD 0.0049 0.0135

pH, (HCOs;~) ®OfFic Henderson-Hasselbalch @
ABRUTE2b0EEBLONZ. chd 3HEEAZHE
U, COREROTHROIRAICBT 2KEBD pKi %
BEHULk. FRmoEAO (HCOs) BEREOED 22
DOFETRKD /D 5 ZDEZICDNT pKy FHEHL
7.

1. Roughton iC X 37

SERFEVIICENI 2 X 21 LT (COgT, Pcoy, pH
DREML Y (carbamino COJ%RKHIXD Hender-
son-Hasselbalch ORX KLY, pKy ZEH LK.

{COy)r-(carbaminoC0,}-0.0262Pco;
0.0262Pco;

ZD1PIREF2IKRTEDTHS. COR—FE &
DBl—ED data LDRDK pKY BE2HE 717D
XIoicERbIN, FHTLE6.12L785. ZDLH1E

pKi'=pHc-log

it

SEEE A 15 D EBRRERIC DV TR 3 & F 5 17T
&b, ZDOFHHEIL 6.19(n=15, SE=0.030, SD
=0.115) &7 5.

2. Donnan Hic X 25

F286TDLSIC, (HCOs e % (6) & (8) @
AERAOT (HCO3Jp, r(HY), FRMBERS KU MEK
FEHBHOEB L. D& S DOFRMEAZICDND
T, Henderson-Hasselbalch O XV, pKy 1%

, (HCO —Jc
pK'1=pHe—Iog 5 0265Pcos

&85,

pKy %% 5 HISTTERISF OFHEN SR 5 &,
pK1'=6.15(SE=0.003, SD=0.011) &7%- /.
V. buffer line

SEEMEE, SBERMER, HEEEMmEE s EHRmBRICS
T, %0 Pcoy OIS pH OEBE Chic
FESRKEEE - (HCO3™) OERBOREFRE & DT %
18 gl % ((CO)r~pH,(HCOs)~pH Bl 5 buffer
line) ##i7z. D 2H0K 2,3,4,5 BLXUER3 T
5. HBEN pH FBTRINLOMBRIIVThEE
MEBITLEBE. TVINHRAE CO: THEL
THONIHEMWRTH 205, COEBOD pH HhiC
9 2AE (buffer line @ slope) & COz IKHFY
LEEROKEIAEHLDT.

s 4TBOREB O BEERE15AKD slope DIE
&, oD %, SE, SD #F5ICRL.
1. ZEEMEED buffer line

SEEMSED buffer line T EBS5E7TDX DI,
23%1 (Z Tt 10Fl0 2188 © FEHEIZ (COJr/
pH i slope T 12.77mM/!. pH (SE=0.234,
SD=2.325)

F2 HERNHRO—FERH (Hb €758 18.25 mM/l)

1 2 3 4 5 6 7 8 ’ 9 10
_ X-bound|Y-bound

i |coD|ePCOy | carb. (HCO; JI‘;‘M/’ pK/ " CO; | COy
p Roughton [, P8R | Roughton Donnan | Hb Hb
7.04 | 26.8 2.56 1.99 22.3 20.0 6.10 6.05 0.24 0.13
7.22 20.5 1.42 2.26 16.8 15.6 6.15 6.18 0.19 0.07
7.30 18.0 0.98 2.17 14.8 13.7 6.12 6.15 0.18 0.06
7.45 | 14.1 0.52 2.08 11.5 10.4 6.11 6.15 0.17 0.06
7.58 | 10.5 0.28 1.79 8.4 7.9 6.10 6.13 0.13 0.03

# 94713 carbamino COz; & Y-bound CO; DA RMEE Hb SEETE - ETH 3.
FI101TI2EE 517D (HCO3™) L#E677D (HCO3) & D#E% Y-bound CO; & LT, FRIEk Hb

BFERETH-ETH 5.
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X2 AuemsE SEERMER, EibmisEsEE X3 sEEmsE SERmEk, HEiEmiEsH=i
FRIMERD buffer line ((COz)r~pH) FRIMBRD buffer line ((HCO;~)~pH)
%
%
40 _é'p L4,
\..’.%
30|
{HCO3"}
20
mM/1
10 -~
N I S B A S
I T I 68697.07.1727374757.67.778 .9H8.0
6.86.9 7.0 7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.8 7.9 8.0 p
pH
#£3(1) X2, 3, o, FHHmiE, SERMER, ik s EWROKOD buffer line
true plasma true red cell
(COJT (HCO;) (CoIr carb. Hb | (HCO;3;)
PH mM/! mM/! pH mM// « PCOz | “mmy/s mM//
7.11 36.7 33.4 7.04 26.8 2.56 1.99 22.3
7.30 28.2 26.5 7.22 20.5 1.42 2.26 16.8
7.42 25.6 24.4 7.30 18.0 0.98 2.17 14.8
7.57 20.1 19.4 7.45 14.1 0.52 2.08 11.5
7.65 17.7 17.2 7.58 10.5 . 0.28 1.79 8.4
d (COT / d (COdT_
~SdpHp = 34.48 mM/L pH S dfHe = 298¢ mM/L pH
d (HCO3) d (HCO3 )
~dpHp = 29.44mM/!. pH ~dpHc = 25.35 mM/!. pH
separated plasma separated red cell
(COzr (HCO37) {Cor
pH mM/! mM/1 pH mM/!
6.97 - 32.7 28.8 7.02 30.0
7.28 28.3 26.5 7.95 17.8
7.40 - 26.7 25.4
7.54 25.6 24.7 (s 8.7
7.77 23.6 23.1 7.50 7.7
—%gﬁ% 11.38 mM/I. pH _d(COpr_
pHp dpHe
_d EHCOs_]E
hdep = 7.12 mM/l. pH 47.92 mM/! pH
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4 oHEmEE SEROER, B0 EEE

FRIMERD buffer line ((CO)r~pH)

(COs)t
mM/1

A n

R5 rEEmEE, SEERIOE, RMmE sk

FRIMERD buffer line ((HCO;~)~pH)

40 \\{':48/[{4

30
(HCO5)

20
mM/1

10

A S

SEPARATED py ASMA

7
/x’(/€ 1:’@,)

CEL£
%

LT

68697071727374757677787.980

6.869707.1721737475767778 7.9 8.0 pH
pH
#3(2) X4, 5. O, SHMEE, SEGROE EEMmEEEEMROERO buffer line
true plasma true red cell
(COxpr | CHCOs) (COT carb. Hb | (HCOs™)
PH mM/! mM// pH mM/? @ PCO. mM// mM/!
7.14 36.9 33.8 7.06 27.7 2.56 2.52 22.6
7.32 82.0 80.2 7.21 24.3 1.57 2.82 19.9
7.87 31.5 29.9
7.29 22.3 1.19 2.93 18.2
7.45 29.2 28.0
776 2.3 19.9 7.56 13.6 0.45 3.14 10.0
7.82 19.8 10.4 7.71 10.4 0.25 2.97 7.3
d (COT _d (COJr_
S ipHp = 25-92 mM/L pH “dpHe — 2739 mM/L pH
d (HCOy) _d (HCOs) _
~ S dpHp ~ = 22.25 mM//. pH “iphe ~— 23.54 mM/L pH
separated plasma separated red cell
(COJT (HCO—3) (COoJr
pH mM/! mM/! PH mM/!
7.15 35.4 32.5 6.84 45.9
7.32 33.0 31.1 7.22 28.4
7.36 20.2
7.50 31.5 30.3 7 62 81
7.74 28.7 28.1 7.66 5.0
—QG.ECTOZJZ 11.06 mM/!. pH _d (COdT_
pHp dpHc -
d (HCOs)
——W= 7.23 mM/.. pH 49.56 mM/!. pH
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{HCO;")/pH B D slope DEHEIIF 5% 84T
DX Sic, 8.21mM/1. pH(SE=0.295, SD=1.122)
THolc.

FAMNEEAEBERE4DOL DI, 1350
¥l 10.20 g/dl (SE=0.279, SD=1.005) TH o
7o GEEMEED CO: 19 ZIBEERINERSE
CL2bDTHEH0 0, MFEELEOEMNEE (g/f)
WD ERE ISR D slope 2 Rkp B L F4DXHiT, 13
BlOFHEE LT

FRMER Hb EEMEE (mM/1) 200 (COJr/pH
HifRI3E 5 LT DX DI
2.58mM/1.pH (SE=0.139, SD=0.540)
&R o,
3. Hikim4E® buffer line
BEiEmigED (COJr/pH ghiigd slope 3&5% 1
TO X 51560 EI
34.26mM/1.pH(SE=1.324, SD=5.129)
EB o,

aCodr _ SE=0.007 (HCO:-)/pH i#h> slope 13 552170 &3
—dpHp 0-129mM/L pH g5 g5 i V
_ d(HCO;7) SE=0.004 28.55mM/1.pH(SE=1.029, SD=3.987)
Gl M3 2 —0.080 mM/1. pH - P o
Aot P (sn_o.ms) S
BESNT.

2. SEERMBRD buffer line
58 6TDESIC, (COT/pH ik slope i
15FIC DWW TR T 5 &
48.15mM/1.pH(SE=2.115,SD=8.193)
&1 o, FROBRABED CO, iCxT BIBEER TR
LLT Hb iKk3dDTHS. LMo T, Fi

%7 Peters!”) 5% Siggaard-Andersen!® [}
IMEEICDNT Peop DEBNCHES pHp OE kT
% (CO2t F/ziz (HCO37) @ZQHSODEQH*%}@@&
IRETHLHLLTN S,

_ d(CO T (RIF(HCO))
dpHp

(Hb) k4o Hb BETH 3.

=a+b (Hb) (12)

F4 DBEMED buffer line O slope RUZDMEELEEEY DD slope

separated plasma F— D%Es%—;ﬁeﬁ(?%% s (g{f )) B
d (COr d (HCOs)

~ dpHp ~  dpHp d (CO r d (HCO;)

mM/I. pH mM/.. pH g/dl ~ dpHp ~ dpHp
1 13.36 8.41 9.09 0.150 0.093
2 11.40 7.24 11.60 0.098 0.063
3 9.92 5.96 10.20 0.097 0.058
4 12.47 8.50 10.20 0.122 0.083
5 20.15 8.67 12.60 0.160 0.069
6 12.36 7.92 10.40 0.118 0.069
7 16.55 10.25 9.20 0.180 0.111
8 15.32 10.37 10.53 0.145 0.098
9 12.35 7.01 9.21 0.134 0.076
10 13.68 8.81 9.50 0.144 0.093
11 11.21 8.32 10.49 0.107 0.079
12 10.34 7.12 9.52 0.109 0.075
13 11.29 7.66 10.11 0.112 0.076
% 13.11 8.17 10.20 ] 0.129 { 0.080
SE 0.784 0.373 | 0.279 | 0.007 | 0.004
SD 2.827 1.241 | 1.005 | 0.025 | 0.015
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aizptmeo —SESD pueRT. 2%

MEEEEERAEE (g/1) XD O slope KHHHT
L, F4 XDy MEEAEBEDOEMEIR
10.2g/dl (SE=0.279, SD=1.005) TH5H >
a=0.08(Pr) (Pr RMMLEHELE)
BEMmEED CO, iICRd 2 1BEREIC Hb b BE5
B, BAICID o TIEO Hb BECHHIT 25
DELT—IEb (Hb) THObITCLEL, bOEE
’OXSicLTRDI.
bi3F6FE6TLD EEMIEL FHEMTED buffer
line @ slope ®E44IM Hb 8 (mM/1) TE - 7o/8
T, ZOI5HICONTEEEE KDz, €D (COJT

m

Efgo.
L7chi= T Peoz OB S HEikmiED (COJT
F/ci3 (HCO3™) okl 4381 pH §EIRIcH VT

RORD L SlcEbENS.
_—da%%f—=o.os(m) +2.4(Hb)
—AOICO —0.08(Pr) +2.2(HD)  (19)

BUL (Pr) BMEEHEEE (g/1), (Hb) i34
Hb #&E mM/1, slope i mM/1. pH &9 5.

(13) KXo (HCO;) & (Hb) £2Zh<h CO: B
KU O capacity &L T vol% THoHd &, ImM
(mEq) @ CO; HZEEEIRETH Y 2 EHKIL 22.26ml

/pH iC3d Bk

b=2.38mM/1.pH (SE=0.155, SD=0.489)
%7 (HCO37)/pH I3 5 b Dffid, K68 ITT
L DEEDHETRDT
b=2.18mM/1.pH (SE=0.103, SD=0.326)

T, 1mM/1(mEq/1) 12 2.226vol% ICH 7555,
a’% 8.0mM/1. pH &{ETHIT '

__d(HCOs)
dpHp

LLTEDENS.
4. BEMFRMERD buffer line

=17.8+2.2 (Hb)

#5 EdimiE, EHIRmER, SEERmER, SBEMSED buffer line

N 6 7 8
true plasma @ slope true red cell O slope separated plasma
(mM/L. pH) mM/{. pH) sreg);ré\éﬁd @ slope (mM/!. pH)
@D slope
ERERR R L
d(COz)r | d(HCO;)| _d(COr | T C P d(COJr | d(HCO:)
dpHp | de; " “dpHc _d(HCO3~)| d(HCO37)| _d(CO T |~ dpHp | dpHp
dpHc dpHc dpHc
B%% 15 15 15 15 15 15 23 23
1 31.79 28.30 31.16 21.25 19.72 42.84
2 34.09 27.98 30.03 25.40 21.92 64.10
3 34.62 31.11 29.05 22.93 22.06 63.95
4 31.31 24.90 26.47 21.71 21.03 51.40
5 41.56 34.57 37.73 30.64 27.17 51.07
6 34.05 28.12 26.64 22.12 21.75 51.72 12.29 8.09
7 35.11 27.91 33.33 27.38 22.64 49.18 11.27 7.96
8 39.62 32.86 37.60 31.08 25.55 . 64.56 13.92 9.75
9 44.74 36.14 42.11 37.32 26.35 55.81 15.15 10.06
10 30.40 25.04 30.04 24.86 20.52 50.32 12.81 8.33
11 28.22 23.33 27.44 24.63 18.74 49.37 13.37 8.36
12 25.92 22.25 27.39 23.54 17.80 49.56 11.06 7.23
13 28.22 24.65 25.36 22.60 19.01 31.67 10.45 7.51
14 34.48 29.44 29.84 25.35 22.47 47.92 11.38 7.12
15 39.71 31.72 32.74 26.88 24.71 48.75 11.46 8.28
X 34.26 28.55 31.07 25.85 | 20.76 ‘ 48.15 12.77 8.21
SE 1.324 1.029 | 1.359 1.085 | 0.704 | 2.115 0.234 | 0.295
SD | 5.120 3.987 | 5.262 4200 | 2728 | 8.193 2.3 | 1122
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1) (CO)r/pH Hi¥#® slope
(CO)1/pH BEHRD slope I FES5E3ITD LHIC
%D, 155DFHEIR
31.07mM/1.pH(SE=1.359, SD=5.262)
Hb EBNEE (mM/1) %9 % slope 13%E5
FBTOX DI
1.55mM/1. pH(SE=0.065, SD=0.253)
s ot

-2) (HCO;~)/pH HifE®D slope
Roughton OFETRKD 7z (HCOs™) 2HN 5 &,
(HCOs™)/pH HiiD slope 135 5 % 47D & S 1c,
156 DIHME T
25.85mM/1. pH(SE=1.085, SD=4,201)
sl o
FRIMERK Hb EEAEEM DO, O slope i7#5
BUTDXDIC
1.29mM/1. pH(SE=0.061, SD=0.237)

@ slope EFRMIXAD pKh, 57,

(12 211

sl ot
Donnan Mk bkwpiz (HCOs™) 2HN3 L,
EK5H5T0L Dic, EMfRimik (HCO;7)/pH ih
O slope, 15F1DFHMEIZ
20.76 mM/1. pH(SE=0.704, SD=2.728)
L7, FRimzk Hb BARREEM D D slope 13X 5%
1570k S
1.10 mM/1. pH(SE=0.045, SD=0.173)
El ot

% 3

I. &ifick s 3RmekAsto pH
Lloyd 19 513 in vitro T8 5 EMIMIEDKE
HAMREH I OV THRNERELZ LTV 5. O
WE LTS pHp &RMmERKAK pHe ORIC, pHp
7.1~7.6 OEFET, MORBEKDILDEND.
pHc=pHp(0.786--0.02D) —0.1282D +1.4454

8 TR FIE23FID 5 B ¢  TIZ10F]D A iE#

9 | 10 1 | 12 B | 14 | 1 6 | 17 | 1
tﬁ‘ée Pﬁﬁg%gj ngo(gﬁ true red cell OFRMmEE Hb B, | separated |true red cell @
ik . slop;ﬁ (\ng\/l/i- oH) EBEX DD slope (mM/lLpH) fj%ffll:?%uH% pK’

Hb %G) Hb Roughton | Donnan t %%7%5% Rought- | Donnan
M/ | _d(COr | dCHCOyD)| _d(COgr LB NC R BTER | /7 oM on 1ok | eic £ %
mM//| dpHp dpHp dpHc | d(HCO3;7)| d(HCOs~J| 4(COlT N N

dpHe dpHc |~ dpH |27i& |k

13 | 15 13 13 15 5 | 1 15 15 15

22.10) 1.41 0.96 0.89 1.94 | 6.56 | 6.17

16.07 1.87 1.58 1.36 3.099 | 6.32 | 6.14
8.96 21.43  3.55 3.47 1.36 1.07 1.03 2.08 | 6.0 | 6.15
8.90{ 18.95  3.52 2.80 1.40 1.15 1.1 2.71 6.26 | 6.16
11.34/ 20.02|  3.66 3.05 1.8 1.53 1.36 2.55 | 6.20 | 6.16
8.12 17.90|  4.19 3.46 1.49 1.24 1.22 2.89 | 6.15 | 6.15
7.84/ 21.03  4.48 3.56 1.58 1.30 1.08 2.34 | 6.20 | 6.15
10.78 21.83|  3.68 3.37 1.72 1.42 1.17 2.96 | 6.16 | 6.17
9.89 19.55  4.52 3.65 2.15 1.91 1.35 2.85 | 6.12 | 6.15
9.44{ 20.49|  3.22 2.65 1.47 1.21 1.00 2.46 | 6.17 | 6.16
7.32 21.49  3.86 3.19 1.28 1.15 0.87 2.30 | 6.12 | 6.15
9.02 21.52  2.87 2.47 1.27 1.09 0.83 2.3) | 6.15 | 6.17
9.57 20.54  2.95 2.58 1.23 1.10 0.93 1.54 | 6.17 | 6.15
9.79) 18.25  3.52 3.01 1.64 1.39 1.23 2.72 | 6.12 | 6.13
9.62( 22.41 4.13 3.30 1.46 1.20 1.10 2.18 6.08 | 6.15
9.28 2024 370 | 3.2 1.55 1.29 1.10 2.58 | 6.19 | 6.15
0.295:0.468i 0.140 | 0.105 | 0.065 0.061 0.045 0.139 0.030 | 0.003
1.063 1.8111 0.504 | 0.37 | 0.25 0.237 0.173 0540 | 0.115| o.011
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(DIZ fractinal desaturation %% 54 73)

ZZTHRMOKRESE LT D=0 FhFERZ

pHc=0.786pHp+1.454

&b, ERERIE 0.786 TH 3.

Baumann 5 20 [Z¥ ¥ L v =icDT, £ pHs
ERIMEk pHe & DBE%

pHc=b (pHbv+a) OB THSHL TS,

F7z, Hilpert 520 $ & b+, 2A, ¥&, F¥F,
evY, Fevy, ¥, 524, VY, ¥H, Uv
FIC DN TEROBEFRR LML T 5.

EHOERBME Tl il © X5, pHc=0.898
pHp+0.637 &igh, [EURZFEEIT 0.898 T, flhicks
NTRPHNMEERL .

FAE2E &+ OERIMNT 37.5°C ICBNT, FRILER
AE® pH 12¥#7.18 T, M4 pH LD 0.15
pH 720 ENERRTN 3.

F7z, Purcell 529 (3t F OEIRILT FRIDFKAZE
pHc &M% pHp &DEiF 0.21 (0.15~0.23) (SD
=0.023) +HEL TS,

EEZEOERBRTIE (1) RTB sk dig, 37°CT
I#E pH 45 7.400 & &, FRMIKAZED pH i3 7.28
&Y, LichoTZEDEIR 0.12 pH &7k,
. FRMEkEICEG % HY @ Donnan H

IRIMEREEASD Ht 1B9 % Donnan HiC 2T
iE, BV 2 O|ENH 5 . F1ZIE, Gleichmann
5 itk E (HY)/(HY)e O pHe=7.249+0.
009 D& %= 0.66 £WOLY, Bubnoff 529 | pHe=
7.126+0.035 @& & (HH)p/(HH)e=0.75 &1 9.
Thomason 26) {3 JEMIRIMEK T pHe=7.126+0.035
DEE, (HTIp/(HH)e=0.64 LBNTWB. B
Thomason [ DMO i & 3 HIESEIRIMTIE pHe
=7.285+0.066 O & &, (H+Je/(Ht)ed 0.95 T
HolcdS.

TEo, EEHIE, MEEKEA A VREERMRARE
D EhEDH ((HJe/(HY)e) 13 37.5°C K BWNT
ey 0.711 (SD=0.057) &tHHEL TV 3.

Fitzsimons 5 8 (It FPDMIED aHst/aHet T
12, 7 & pHs & OMIC, oxygenated DEFEIE r=
3.883—0.440pHs, reduced DFAITiE r=3.338—
0.364pHs 75 2B T REH; L T3, F/ pH=7.4
D & %, oxygenated DIEAITIE 7=0.627, reduced
DOEAICIE 7=0.644 EHSHL TS,

Dill 320 |3 pHs=7.4 D&%, t FOEEKMm
T raHt=0.62 2B TH3.

ZEOEBRBRETIE, N1DXDHiC, RIMERASD
pHp & pHc & AFBICHEL, 1458 D Donan kh

T(H+) 2R 7-fER 2 OFHEMER 37°C, pHe=7.27
D& & 0.75 (SE=0.008, SD=0.094) THw7z.

* i FMHAID pH OBEFR (11) 2 EEhZ
T, X#EA A~ (HY) ® Donnan H 7(HT) % pH
DEEEELTHOOTEMORLEED

log%ép—=log 7 (H+)=0.637—0.102pHp

pH=7.4 © Lt & r(HY) 120.76 L5 o/z. TOER
Bubnoff 52 LZIE—FHLUETH 3.
. FOFAD pKy 20T

—fBITINEEICDWNT 38°C D& &, REBDIREEEE
i pKi=6.10 EZ¥h T35,

FRMBAIC B TS Henderson-Hasselbalch @
RRILT 5 & LT, ChE TRIMRMIKICONT,
pKi' ZRDIeBENN L ODDH B,

Dill 520 FBFLL 7 ORI 20T, pKi'=
6.04 LI|EL T 3.

Stadie 5 W icLhiE, v~ TiE, 37°C © OHb
%, pKY O 6.17, Hb @ pKy I3 6.13 T
HsHLND.

F/FES BRI TE pKy' 12 5.92 &k
T3,

Dean 5 29 {3k FOFRIMBARICET 3 pKi %=
Henderson—-Hasselbalch O XY

pKi/'=pHc—log
total COz—carbamino C0O3~0.0362 Pco
0.0362 Pcoy

L, pKi=6.18(6.07~6.25) LBNTW 5.

Roughton 120 OEEICINE, £ D Hb 20
T 37°C &%, O;Hb %KD pK{ 1% 6.145, Hb
IR TD pKy 136.15TH 5.

B D EBRIE TR MmMEkA O (HCO;™) % Rou-
ghton O FETRD T pK ZH L T 5 & pKi/=
6.19 (n=15, SE=0.030, SD=0.115), %7: Don-
nan H}OFETRKSD pKy 12 6.15 (n=15, SE=
0.003, SD=0.011) &#o7. FRMERAD pKi %
Hilid 2 Lic B REEKT 20l (HCOs) ZIERE
kB EICH b, BEIZ2 DOFETINERD
B, WINDOFESREEEATHS. Ll Don-
nan tk b Bl 3 HEOKF RmEKA (HCOs™)
ZLXOEENCEONZ R TEENBIE26DEEL
3. Liziss ThEEICE N TR, MRIMEAD pKy
ELT6.1I52HNnBC EIC L.

IV. buffer line

MELMEED Peoy DEEENCHE S BIEEFHDOEL
B—iRic CO; Rt (Pcog it L (COJT F/e
12 (HCO;) % plot L2d D) #RANTHE Db Ih
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5. CoMRTEOIN BRI T BEEIC . BB
METRTZ2CLickd, BLOBOMRZIIER
LLTHEbINS. (ke OENTHRS b Bl
e d d0, EEHEOEBRERETI, pH LIMED
(HCO3™) %t (COJr %= BABEIL L » T Hi»
Ntc, FTEE buffer line ZAVT KBKRT A &iT L
b

C QRS D buffer line 3 Wihd ARBE
pH HETHIBREREABIN, pH BITKHT 21
FFRBORBICTT 21BERES-HT. £LTC
ORFERRIFHBTOBHERERIC X - TREAIN S
bDEBLDLLENTES.

Weisberg 30 {24&MM®D Pco; 2 EZ ek D EY:
mED (COJr & pH OEFRED & LT B EGE
T 3. Van Slyke 5, Davenport? % Sig-
gaard-Andersen 2 [ZM#E L BRRIME T, #HEhic
pH, Mdhic (HCOs™) %&b, SEHELH S TH
5. %z, Astrup X Siggaard-Andersen 218 [
e pH, Ht8hic log Pco: &1, ERROIEER
BAEHNTNS.

1. SBEMED buffer line

SEEIMEED buffer line @ slope ICEL Tid Da-
venport ) 25 Henderson @ data &9 (COr &
pH DOBED SR 7-EIZ

—'AE‘I‘;IPC—I_(I);:L=5.4 mM/!. pH
Thb.

Van Slyke3? 53t bOSEMIED buffer line
O slope FUMEEERMSIE (g/1) 2D

d(HCOs ~_ d(Pr)
dp = apHp = 0104 (Pr)

((Pr) ¥ mEq/l OBEERA 4 VIBE, (Pr) 2
MEBPERE g/l £T53) Lb6bLTNAE.

Siggaard-Andersen 18 TiI t b 4 B 11 48 @
buffer line @ slope % 9.5mM/{.pH & L, miE
EQHEBEELY T2g/] TN

d(Pr-)
~—pE = —0-132 (Pr)
EFEbLINA.
Visser 53t FOMIET
d(Pr—
——Eier—)*-:—O.lOS (Pr)
EEL TN AS.

EHEOEBRBETIIESE8TOL I, HEkmsE
® (HCO:7)/pH D slope i 8.21 mM/l pH
L, Davenport ) DEL D D ENMEZRL 2.
EEHOERRBETISBMEOMBEEAE B A ik
(g/1) ¥bD slope IFE4DLDIT,

i

d(COT

~m—=0.129 (Pr)
deCOg_j
_W=0‘080 (Pr)
LRRENEERL .

B30 3FiE 5 7 4 YT T, BEEmE (0.2%
BEMEAZMZ b D) T, T€hic, N/400 HCI,
¥7213 N/400 NaOH & ABMEEKEMA T, pH
RFRIEL, mMEEEEMERY, v~O MEHEEIM I
10.3~12.6 mEq//. pH (pH7.4~7.5) &L TWH
5.

Fio, FEBEFE FETHFOMEEICDWN TRERIC
&7 74 Y FT, 0.01, 0.02N @ HCl BXU
0.01N, 0.02N ® NaOH %ll->T#HEL, HEE
L pH OFZKLYD, MEFEEEMEZRDOTNSE. B6
nicEi

e b 11.7mEq//. pH
AV 12.2mEq/l. pH
EERHEL T B,

PIEOFEF, PEHOEREIL MY T HEE & o135
TVAYERNTHELTELD D THo T, EED
CO; KL DWERBERIRENEILE. TROLLHE]
ED7B7- slope DEIZMEED 28BERD BERLTH
bhl, BERERBRILUIOBEROBEELS S
bLTHB. LichisT, [ERFENIMEOER
B2 R DFEEMIZ pH7.40 Tk # 2.4mEq/l. pH T
HEME, ThiEEEH COy WEETH S EIME
@ buffer line @ slope 8.21mM//. pH iCnz 3
& 10.6mM/L pH E72h, W, HEHOBRES
FE—8T 5.

2. SBERIMIRD buffer line

Stadie 5 10 [ FRMIKARD Hb BEAEEY D D
SFEEMCONT, COz I X 2MEHE:E MR F/c
BTV A VI L BWEERETRIZF—HI 5 L8]
LT3,

O:Hb D& FHEE L THLFR pH fHEuck
TiZ, 3.0mM/l pH LABINTHA.

(Siggaard-Andersen?, Pitts38), Woodbury 37)

FEDOEBTIZ, SR Obuffer line((COJT
~pH) @ slope I 7k M &k Hb BMiEEMD, F
5216TD X DT, 2.58mM/L. pH &75o7-. Fi-
REBOD L DT, COz OFAELIBWIRET HRT v
) 2R THE L TR A OB EHiZ Hb 1
SFHY, O:Hb & Hb T, 21 Eh, 2.39 & 2.42
mM/l. pH &7, L7cdso T COp FEEEE S
TH ) HERIEEOEIED SN - 1.
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7 EMMIED buffer line D slope _%ﬂ =a (Pr) + b (Hb)
0;1;1————11%}11)%:)?3 a (Pr) a b
(mM/I. pH) mM/L | g/100ml
Peters and Van Slyke (1931)1 —28.0 8.2 | 0.104] 2.3 1.39
Davenport (1963)0
Weisberg (1962)3
.Henderson (1928) @ data £» —21.6 5.4 | (0.075) (1.74) (1.04)
Siggaard-Andersen (1964)2 —20.0 | 9.5 |©.132)] (210 ] (1.26)
Siggaard-Andersen (1966)!9 (-30.6) | 95 | (0.132)] (7| 1.6
% & ~28.55 | 8.0 | 0.080| 218 | 1.32

Davenport, Weisberg, Siggaard-Andersen Dfficit, Hb £ 9.3 mM/1, Hb &+ F& 16,

700 g, MAEBAERE 72g/1 2RV (

) BREZEOREM U 7 E.

a’ (Pr) (Z58EIM4ED buffer line @ slope, a’ ZMEBHEHEMEREY D D slope, (Pr) &

MRS ERE.

b T EEIMEE & AEENEED buffer line @ slope DE 441 Hb 8 (mM/1) T#lo /(.

3. EM:MmiED buffer line

BEMMEED buffer line 3 EELKRD HEEPH
NS A BB 2b D& L CHREEOHETE
BERINTWS. EFMEIC >V TIERERIS W E
HEIMEED buffer line @ slope fEHiX, F7 D L D
i, EBCLoTHhRODOHEENEDONS. EE
WINEBHR LT A, REF2TICREIND LD
AX

28.55mM//.pH(n=15, SE=1.029, SD=3.987)
18, TOEBREREIZ Peters 511 R Siggaard
—Andersen 2 OfE & I3IZiIZ—HL /.

EYEMmEED buffer line @ slope HFBEMEED %
NOMFICY 3 pERDS &, Peters 10 5T 3.2
f%, Henderson @ data X1, Weisberg3 %,
Davenport) T44%, Siggaard-Andersen 18 T
3.6f%, FEDEEE (—d(HCO;™)/dpHp) T3.5
f&£& 18D, 121 Siggaard—Andersen 18 Dff & —3
L7,

Z @ buffer line ® pH HHITx$d 3 slope iT in
vitro DI TiXMEROEHEREROEE DB
ELTIRDE S THobEh 5.

___ACHCO;37)
dpHp

(Pr), (Hb) BZzhZThmiEhoBESEEE (g/1),
£1hd Hb EBE (mM/! %7:13 g/dl) ThD,
a, b IENEFNEHTH 5.

=a’(Pr) +b(Hb)

Z?d a, b DERFETDLDICBICERICE > TH

EINTN AN, HEBICE S THEDDEENED

Shic. BEOBEXD 2, b 2EMT AL a' I3F4
DkSic, 0.080 (n=13, SE=0.004, SD=0.015),
bIIEG6FITDLDIL, 2.18 (n=10, SE=0.103,
SD=0.326) L7355 7c. Peters 517 X Siggaard-
Andersen 2 OHIGERIL T A b ol T
i K3 %5 & Henderson @ data kb BHL:
Davenport? O b {EI3{K<, Siggaard-Andersen!®)
Db ERRRENENZ B,
V. carbamino-CO; 3 LU Y-bound CO;
Ferguson 5 3839 [ZMjkhd HCOs~ LIS OED
MAREE% X-bound COz Z® X-bound CO; &
D —4ETH B carbamino CO; D3, THbD
b, W4 PPSOTETHD LKA L TS CO;
% Y-bound CO; L& L

carbamino CO;

X-bound CO; [Y—bound Oy

LT3,

Handbook of Physiology 3 1€ K#id carbamino
CO: DEFEIX BIRM T 2.1 Vol%w, BAFIRIM
Tt 2.9Vol% &5, LHLAH carbamino CO,
DHERISERNILOD S, HIEHFICL > TThbDH
EICREMBESBDONS.

ZFEOOI XML, FRIMERAICHSE carbamino CO,
ELTHESNDDLDREIHIEED CO, 2B
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BIREET, B2 tEMLELTEETELEND.

F 2 BEMRNKD 1| ERAIERT. COEDHES
7O (HCO;3™) 12 Roughton IC X 2 HETRDIE
THad. —hH# 617D (HCOs) it Donnan HikD
Kfc (HCOs™) %7R7. (COJr kb, (CO &
Donnan bk ORd7c (HCO3™) A ELBIN2dD
%5, X-bound CO; (carbamino COz+Y-bound
COz) &EZ 50 5. F/- Roughton Ik B HET
ktz (HCO3~) & Donnan HiTkw/z (HCO;z™)
EDEH Y-bound CO; &EZ BN 3.

6 [ZI5RERHI K U LR DFETRK D 2, X-bound
CO; Y-bound CO; & Roughton IT k2 HEEDD
BM L7 carbamino CO; & DFRIMEk Hb BANEE
BYDEEZRLIBDTHE. COERICE-T Y-
bound CO; DEAELXBDLENTES. COER
154> 5, carbamino CO; (FFRIMERAZE (COJT D
13.6%, Y-bound CO: 21 BLIRICEEF o7z,
VI. 1% Pcop DEENCHE S FRMERASID HCO3~ D

B

IMED Pcop 5EZE 5 &, MIKICA o7z COz DX
WA HARMIBRATHRS N, ROskicE Tz HCOs™
BIMFEATER L TL 3. ch CRERcmsERO Cl-o3

M6 vyEERMKD pH & X-bound CO,,
carbamino.CO; & Y-bound CO; & DBEEFR

*
x x
0.30 |—
%
x
0.25 |~
o x
X0 R
X X WX
x
,30.20-)( R X . x‘
E ® R X
= % X % x i
& X e e X
S0.15 1 e X e e .
O X You . <
g * DO
E .o .. . . -
0.10 o evoes .
. . “ s e .
o o
Q0 o ]
o (4 -3 o o
0.05 — o o0 o
oo
o000 oo
o °
o I S TN WO U S T GO O M

686.9707.1727374757677787980
pH

X X-bound CO; (@ carbamino CO;+
O Y-bound CO3)

n

LB RMERPAT o THRIMFREASL O BRI h i
ZHERT A, Pcop MET T 5 & Ch&HHROBE
B&S5NB. Tk chloride shift LWV, 22T,
KD Pcop %D ICIBAMRMIRD & MEER~BE S
% HCOs~ B & Hb BEOBFRERD .
CNEEMT B, TTEMKMES & 8 Mmoo
buffer line @ slope DEAXRWH 5. TS hyper-
capnia IZ &V pH 28 BifI7210 T » 72BED chloride
shift i X 5118 (HCO3™) O (ACHCO3 1) T
H 5. RMICEBN TEBEMED 5 2 BRITL2NER
O (100—Ht)/100/5TH 545, ATHCO5™) (100—
Ht) /100 A34xin i O FE Mg I ARMmER & O BATU 72
HCO;~ OB THY, chx£md (Hb) THlo7zd
D7, hypercapnia IC &5 pH DOBNETICHEN,
FRMIR K DB Hb YOBE L HCOs- OBTH
- T, BHMEOBEHESR (12) ©bic (100—Ht)
/10043 U 7o 31 EIC K 5. 55 6 RDI0FIDFERREILSE
10/TIc B 7z, ZDOYEHEIEF Hb 1mM %0 —1.20
mM/pH(SE=0.067, SD=0.213) L753.

" ¥

U Y DIMIKICDNT, in vitro T £® Pcoy BE
LR B/ICAET 5 IME & IRMERA OBRERLED
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pHc=0.898 pHp+0.637 (r=0.982) 1)
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BhHL, miEo (HCO;7), [fEs XURmBkKs &
HFELD, RMERO (HCO:™) ZEH L. E/2A),
B) ®F¥T, (HCO;)/pH Hiff © slope % K o
7.
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7. EWMmEEESEMIED HCO; B 5 buffer
line @ slope ®% (mM/I. pH) 5, hypercap-
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FEE N
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Biophysics, Ruch, T. C. & Patton, H. D.

Abstract

Some studies were made of the acid-base changes and their interrelations of
plasma and red cells of bovine blood equilibrated with gas mixtures containing
various percentages of carbon dioxide.

The results obtained were as follows.

, 1. The relation between pH of plasma and red cells in whole blood with a
pH range of 6.8 to 8.0 was summed up by the following formula,

pHc =0.898 pHp -0.637 (r=0.982) )

Using (1) formula, the Donnan ratio (y+)) of hydrogen ion can be expressed
as a function of pH by the following formula.

log ~SE9E-—log ya1+=0.637—0.102 pHp @

2. The buffer slopes of separated plasma, separated red cell, true plasma and
true red cell were expressed in millimols of [HCO;~) change and total CO; content
change per unit change of pH.

3. The bicarbonate concentration of true red cell was obtained by the follow-
ing two methods.

A) The bicarbonate concentration can be calculated as follows.

(HCO;)=(CO;)T—(carbamino CO;)—[(CO;)
The amount of carbamino CO; can be calculated as described by Roughton.
B) The Donnan ratio vy(HCO;") can be calculated by means of the formula of
Fitzsimons et al. as follows.

N YH+)

Using the water content of plasma and red cells, the bicarbonate cancentration of
the plasma and applying the forrmulae (2) and (3), the bicarbonate concentration
of the red cells was obtained by the following formula.

(HCO3)=0.756% (HCOs)p X y(H+)

4. Using the bicarbonate concentration of the red cell obtained by means of
A) and B), the average values of the first dissociation constant, pK", of carbonic
acid in the bovine red cell were réspectively 6.19 and 6.15.

5. The amount of the difference between the two bicarbonate concentrations
obtained by the methods of A) and B) may be expressed as Y-bound CO;. The
Y-bound CO; was less than 1% of the total carbon dioxide of the red cells.

6. The buffer slope of true plasma can be expressed as follows.

___d(HCOs7)
dpH

when (Pr) is expressed in terms of grams per liter of plasma and (Hb) in terms

=0.08 (Pr)+2.2 (Hb)
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of millimols per liter of blood.
7. The amount of bicarbonate which diffuses from red cells into plasma with

increasing hypercapnia was estimated at-1.20 mM/pH per mM Hb, calculated from
the defference between the buffer slope of true plasma and that of separated plasma.



