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Intracellular pH During Acute Hemorrhagic Shock

PEELERECEL I LY

€ W M- F E B

o o @

& (NaHCOs) &4 & AH{FAlsted 42 pH}
Agstzats A2 pHE AAZE A9 wlEe] 1A
U g4 shsmt e gz GAMHCDE FHFAle
o g9 pH7} 3 geelEs A2 pHE A5
7A%E Bolew]® o] AL H*3 HCO & AlE=H &
DA FHEA g 3l CO, Axe A Fisid A
Eell4 F HPAulE o] FE AR RE ot
At

o] sizte] Hakae] F& FELYY Fg e 9
<44 (exogenic) Yl 2% liﬂ"ﬂ«] H* ¥=9 W
Bte] st Az Ae] HY v+ 474 wdelA o
Loxg qE el HY Fxv] (Hi/H., 100/40)& AZ
g 2] H* gxof wlste] diste] dnlélaA HEdeh©

olo] tsle) £dA LadA §71A (aerobic) A
ool 711" A A(lactic acid) F-& 3] 51 AH(pyruvic
acid) 52 A X FAo] ojg g4 dalel 28 A
e A2 pHrt 34 sl7stelel QolAn] ola] 4
Zoq 2 pH dhe ojd g HAAA ? = A Z 9] H*
FEEE AR 994 A7 HEe) vlzeld o
A FE7E B He] o] A¥ e Ao

A wd

=

2 FA 14~21kg 9 }E sodium pentobarbital
Bomg/kg) & wAstn %F FTEE AASAS. BT
#l 1kg =}t 1 gm sucrose ¢+ 100 mg ©] 5, 5-dimethyl-
2, 4-oxazolidinedione (DMO)-& A F A}zl o] & X
AEAe] 2§ HA2 TNy, ANHY pHoF 4R H 3
€ WA AR 1~2417F 715he] & A EHel4 e g

*E AT A ol V- oaEd T 24

& F3sgch

0dE Fa

e

AAete pH, Peo: #& dx dEAYNA HHF S
A F et pH, Pco: & FA4E F DMO, sucrose FEE
AeFeln FEFaA M. Gracilis) F& 32
(M. Sartorius)-2 4% AA e 2829 DMO, sucrose
F2F A o] Ry 2% 44T pH &
£+ o] A 13X T Ak

HEAY] b & AAMex ¥y £4944
o whx)A %t HHEY-E physiograph of @A
pressure transducer o 0l&le] TAsHA P& =
3 BFYe] 40~50mmHg o4 FHelx A7 %
dR el FAGA =t Age] e F
dero] o 1/3~1/4c] ¥odatE g Axee dF o
An Az o] gt AA Rz n HEE AAH
o2 AT Aoz 4A " AYgE
AR 5 ddd. AEG AeelA dA7 A F A=x
AY wfeh Ze b or FuiA Ay £%-¢ dof pH,
Pco: 5 &4 512 DMO % sucrose & A #F3le] £ z7uj 9]
Az pH & Al4rslg .

uw

Yoo pH, Pcost 123 pH/Pco, Micro Sample
System (Instrumentation Laboratory).o.& 37°C o4
FA435t pH3e FE° AAF2X= Rosenthal A4
(0.0146 pH/°Cdoll olel Atz CO, 42 CO,
ATz FA35}o] Severinghaus nomogram® 0.3 I
R,

DMO 9] +=x%+ Hitachi Perkin-Elmer Model 139
spectrophotometer 2 Waddell % Butler ] W o g
g 215, 220mp ol Rz BA4HE. sucrose &
Seliwanoff u}-g-oll 9léle] =23 @A )AH spectronic
202.2 517 530mp ol 4 EA @A

z24 Fotd, 473 FE3EL 95~105°Col4 24
A7k &gt AL Fol 2 dglm, Aol Yy
+= sucrose 3| Ay ol ofste] Igiet ©

)8

LA A




—4 g2t

HAb: A2 pH i A4k v Waddell Butler®
o) Ao ofsted AlArarsit.
pH;=pK+Iog{[ (1—|— ) ¥'j

X[IOP“‘*”PK‘+1]— }
pH;=A 2 pH
pH.=A| Z 9] pH
C=x7 342 DMO ¥ =
C.=A 29 48<£9 DMO Fx
Vi=Al2y $55= 2§
V=AX9 ¢85 L&

DMO 9] pK 3 6.1322, #gl5A ¢ DMO =
Az deld pe ¥z EAste Aoz A4S
t}. Az HCOy 5E+ CO9 $3l= ASE 0.0301
2, AZJW HCOy ¥=E CO.9 £3dl= A4E 0.035
mM/L, mmHg & &}o] Henderson-Hasselbalch Ao 9|
st} A Arsld =

ME 4

ol g w}a] o] Aol 4] 300~520 ml (2.38% &A1) o
5 worgwlel PF WP A 1¥elA sy ubst o]
110~150 mmHg ol 4 21~40 mmHg 2 7t =H(8d
A A9, @atabdel wmi g pH & 34 AE
A9etn =5 pH kol HolAl& AL 293 (7.380
A 7.29%) were] WolA4E mF Ay AwiedlA
Azre] o AFHE+F FUgo pHE o % HoHi
g(7d, sl EH 2 AL AA F2 4AE
QI Az Fof AAeldt.)

Ele Po, 3te HEAYR 34(24~38) mmHg A
g0 v ol HExF] (Hyperventilation)ell <3}
o 15(10~21) mmHg & Helgeonz F4dL Ak
2 (Hypocapnia) Abe] o] & v}tz thAMA] Al 8 % (acidemia)
& wwald A% (acidosis) FA7F +Astd pH 3k
o] oz th o|R & "AFG ol o F Holelzt WA
t}.

Byl WQo] st what AU o] ple FHA
usled Wssl g glow Az4dd Ad pH 7.32
(7.26~7.40)01 A =2 whxlFE 7.04(6.76~7. 002
Hol ek olgldted faue TUY-AUL pH A
o7} B¢ g E AL 2tk F FHY-AWA
pH Aol oz 484 0.06(0.01~0.09)1l o} %
Zeo] whg gl 2 Aolrk 0.25(0.16~0.28)% F7}
gk ANy pH a4t A 1344 & ¢ d& ¥4
9} 7ko] A& o] Peor 7k} A XY HCO:™ FE9
Zae] 719l " Aoz FAREAFA42] A Peoe

$AI2A A 2E R A46E—

401 ~
\\ 3 Control
S~o O Shock
35t .
Buffer curve
301
-
o esk
L
£ o/ A
o 20t
o
O
o
X i15F
101
st
ob— . A L . . L
6.8 6.9 7.0 7.1 7.2 7.3 7.4

pHe

Fig. 1. The whole blood response in vivo to acute
hemorrhagic shock. The solid lines connect
points obtained at the begining and after
each acute hemorrhagic shock. Dashed line
represent the behavior of normal blood
buffer curve in vivo to changes of Pcoa.
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Fig. 2. The acid-base response of skeletal muscle
to acute hemorrhagic shock. The Hend-
erson-Hasselbalch equation is plotted with
the dissociation constant (pK’'=6.1) and
solubility coefficient (a=0. 035) appropriate
to the intracellular phase of muscle. Solid
lines connect points determined by the cal-
culated intracellular pH and measured
bicarbonate content of the tissue before
and after the acute hemorrhagic shock.
The dashed line represents the slope of
the response of blood in vivo to changes
of Pco. the level of dashed line relative to
the ordinates has no significance. Failure
of bicarbonate to accumulate at increased
Pco, suggests development of an intrace-
llular “metabolic acidosis.” The Pco
values are those of venous blood draining
the tissue.
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Fig. 8. Regression curve and equation of (H*),
against(H*); for shock experiments.
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AUTHORS’ ABSTRACT

Intracellular pll
During acute Hemorrhagic Shock

Woo Gyeum Kim, Jai Sung Lee

Department of Physiology, College of Medicine

Seoul National University

Intracellular pH was determined by distribution of
5, 5~dimethyl-2, 4-oxazolidinedione (DMO) in skeletal
muscle of dogs maintained in hemorrhagic shock.

1. The more the blood has been bled, and the longer
the animals were maintained in
shock,

intracellular fluid.

homerrhagic

the lower the pH of extracellular and

2. Venous blood pH decreased drastically from 7.32
to 7.04, however, arterial blood pH changed less
than those of venous blood from 7.38 to 7.28,
consequently, A-V differences on pH were enlar-
ged. By the effect of hyperventilation, arterial
Pcoz decreased from 34 mmHg to 15 mmHg, on
the contrary, venous blood Pco. increased from
45 mmHg to 59 mmHg. by the decreased blood
flow through skeletal muscles.

Decrement of pH in venous blood which is
equilibrated with extracellular fluid was not
consistant with the increment in Pcoz, this has
been verified by the decrement of venous bicar-
bonate ion concentration. These effects were in the
direction that would be expected from the distri-
bution of lactic acid, H* and/or HCO;~ across

cell membrane inward or outward.

3.

cA12Y M 28 FQ M460—

In order to compensate for high tissue Pcoz and low
tissue Po: in hemorrhagic shock, animals raised
arterial Poz and lowered arterial Pco: by hyperv-
entilation. This might be the only way to com-
pensate peripheral circulatory insuffiency.

Decreased intracellular pH, and negligible changes
on intracellular bicarbonate ion concentration in
spite of increased Pco: represent increased pro-
duction of strong acid intracellulary, and higher
buffer contents in intracellular space than those

of extracellular space.
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