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Intracellular pH During Metabolic Acidosis of Intracellular and 
Extracellular Origin.* (32516) 

E. B. BROWN, JR., Woo GYUM  KIM,^ AND F. A. MOORHEAD, JR. 
Department of Physiology, University of Kansas Medical Center, Kansas City, Kan. 

I t  has been demonstrated that intracellular Group 1. During the next hour 5 to 8 
cc/kg of 0.3 N HC1 were infused intraw- 
nously and then the infusion was decreased 
to a rate just sufficient to maintain arterial 

pH m y  change very little or actually de- 
crease while extracellular pH is increasing 
during intravenous infusion of sodium bi- 
carbonate solutions(l,2). This is explained b l d  pH constant. 
by the wellaaccepted hypothesis that hydroc 
gen ions and bicarbonate ions do not crws 
cell membranes readily, whereas C02 tensions 
in intracellullar and extracellular fluids rapidly 
reach equilibrium. Pf this slow distribution 
of hydrogen ions and/or lbicarbonate ions 
takes place when metabolic acidosis of intra- 
cellular origin occurs, extracellular pH might 
reflect this change very p l y .  This raises 
the follcywing quesion: is there a significant 
difference in the relationship between intra- 
mllular and extracellular pH in acidosis pro- 
duced experimentally by infusion of a strong 
mineral acid such ds hydrochloric (exogenous 
soume), and t h t  produced by interference 
with aerwbic rnet.a!blism as in hemorrhagic 
shock (endogenous source) ? It was the pur- 
pose of these experiments to investigate t h i s  
question. 

Procedure. Dogs weighing between 14 and 
20 kg were anesthetized with sodium pento- 
batbital and ,both klidneys were removed. One 
-/kg 'body weight of sucrose and 0.75 
pc/kg lbdy weight of 5;5-dimethyl-2,4-oxa- 
zolidinedione 2-C14 (DMO) were injected 
intravenously, and 2 hours were allowed for 
equiliibmtion and stabilization of antwial and 
femoral vein pH. During the last one hour 
of this period a blood 'sample was drawn 
every 15 minutes for pH, Pc*, and sucme 
determinations. At the end of the 2-hour 
period blood land skeletal muscle samples were 
taken for determination of DMO. From this 
point on the procedure varied. 

Group 2. These eirrperiments were identical 
with h u p  1 except that 0.3 N glumnk acid 
was d instead of HOl. 

Group 3. In  these expeirnents HxCl was 
infused as in Gmup 1, but hyperventilation 
was imtped  with a respiration pump with 
which stmke volume and firequency could be 
varied. Respiratory ventilation was adjusted 
to maintain femoral venous b l d  pH constant. 

Group 4. In  these experiments .6 N 
NaH@03 (approximately 15 mM/kg M y  
weight) was infused while the CO, concentm- 
tion in ,the inhaled mixture was increased and 
adjusted so as to maintain a ccmstanit. venom 
b l d  pH. 

Group 5. Blood was withdrawn from a 
carotid artery until blood pressure dropped 
to a mean of 40 mm Hg at which point it 
wa6 held constant utilizing a modification of 
an automatic leveling device d blood reser- 
voir for Ithe control of hypotension as de- 
scribed by Einhaber and Clark(3). The 
bleeding period lasted approximtely one hour. 

F o l l d n g  Ithe 1 l t ~  2 hour period of infusion 
or ,bleeding, femoral vein pH was fairly stable 
for the next 1 to 1.5 (hours. One ml f e m m l  
b l d  samples were drawn every 5 minutes 
for pH and Cc% determination, and a t  the 
end of 1 to 1.5 hours of a new stable pH 
the second muscle sample land blood samples 
for detminat ion of DMO were taken. 

Solutions were infused into the external 
jugular vein. CO, and O2 mixtures wme pre- 
pared in a 120 liter spirometer and delivered 
to the a n i d  with a low r e s k c e ,  cpm- 
circuit system. Arterial b l d  samples were 
drawn through a a tha te r  in la wrotid artery; 

by needk puncture. Tissue samples were taken 
from the gracilis muscle. 
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Mcthods. Blood pH was determined with 
a Sam electrode system maintained at  
37.5"C. Blood pH was corrected to a rectal 
temperature of the dog by Rosenthal's co- 
efficient (-0.0146 pH/C"). C02 tensions 
were determined with a CO? electrode also 
maintained at 37.5" and corrected for tem- 
perature according to the Severinghawe no- 
mogram (4). Plasma and intracellular bicar- 
bonate concentrations were calculated from 
the measured pH and Pco2 using the Hender- 
son-Hasselibaloh equation, with a pK value 
of 6.10 and CO, solubility coefficients of 
0.030 and 0.035 for plasma and intracellular 
fluid, rcsptively.  DhlO determinations on 
b l d  and tissue were carried out according 
to the method described by Schloerb and 
Grantham (5).  Sucrose was determined by 
the method of Clausen ( 6 ) . 

Results. Mean values with their standard 
errors are presented for each of the groups 
of experiments in Table I. The results 
from Groups 1 and 2 in which acid was 
infused are quite similar with the exception 
that a more severe extracellular acidosis was 
prduceul  with gluconic acid, but this did 
not result in a more severe intracellular 
acidosis. As a result, whereas the hydrogen 
ion gradient from inside to outside of the 
muscle cells changed very little in the case 
of HCl infusion, it decreased qui.te measur- 
ably with gluconic acid. 

With hmorrhagic shock (Group S), the 
degree of extracelluhlar acidosis was slightly 
less than it  was for Groups 1 and 2,  and 
the intracellular acidosis was somewhat more 
severe. With these ahanges there was a slight 
increase in rthe intracellular hydlrogen ion 
(Hi)  to extracellular hydrogen ion (H,,) 
gradient. However this increase was not sta- 
tistically significant (P> .OS) . In  all 3 groups 
the arterial Pc% fell, indicating hyperventila- 
tion, however femoral vein b l d  Pco2 in- 
oreased, resulting in an increase in the arte- 
rial-venous pH gradient. This was particu- 
larly mlarked in the shock experiments. 

In  Groups 1 and 5 no significant change 
in intracellular bicarbonate, (HCO:j-) i ,  took 
place. I t  appears, therefore, that the rise 
in Pc% produced an increase in (HCO,,-), 
which was approximately equal to the de- 

crease that resulted from acciimulation of 
hydrogen ions in or efflux of HC0,- from 
the intracellular fluid. With gluconic acid in- 
fusion (HC03-)i decreased in spite of an 
increase in Pco2. To evaluate the change in 
intracellular bicarbonate due to the meta- 
bolic acidosis it is necessary to make an 
estimate of the increase in HC03- which 
would have been produced by the rise in 
Pc% alone, and to subtract this increase 
from the value actually obtained. The dif- 
ference between the control intracellular bi- 
carbonate concentration and the experimental 
value corrected far change in Pc% repre- 
sents buffering of hydrogen ions transferred 
from extracellular to intracellular fluid. I n  
previous experiments(7) i t  was found that 
intracellular bicarbonate of skeletal muscle 
increased one mM/1 for each 16 mlm Hg 
increase in Pc02 in a short equilibration 
period and over the range dxerved in the 
present experiments. When this correction 
is made it would appear that sufficient hy- 
drogen ion entered or remained in the intra- 
cellular fluid to decrease intracellulaT bicar- 
bonate by 1 to 1.5 mEq/l in the case of 
HCI infusion and hemorrhagic shock, and 
approximately 3 mEq/l in the experiments 
in which gluconic acid was infused. Alterna- 
tively it could be assumed that this change 
represented a movement of bicarbonate ions 
out of the cell rather than of hydrogen ions 
in. 

In  Group 3 experiments the fall in venous 
CO, tension from 46 to 27 should have pro- 
duced, if acting alone, a decrease in intracel- 
lular bicafihnake concentration of 1.2 mEq/l; 
thus the additional decrease of 2.8 mEq/l 
in intracellular bicarbonate must be ac- 
counted for by a transfer of hydrogen ions 
into the cell. The increase in intracellular 
pH then represents the predominant influ- 
ence of the fall in Clos tension in the fact 
of a decreasing bicarbonate concentration. 
This must be due to hydrogen ions entering 
the cell or to bicarbonate leaving. In Group 
4 the oppsite result is apparent. The in- 
crease in venous blood CO2 tension of 71 
mm Hg would have been expected to pro- 
duce a rise in intracellular bicarbonate con- 
centration of approximately 4.5 mEq/l. The 
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sluggestion of an increase in shock and de- 
crease wilth infusion of acids in the (H+)i- 
(H+)e  gradient is in the diredon that would 
be expected if H+ and HC03- equilibrate 
slowly across muscle cell membranes. The 
larger regmsion coefficient of ( H + ) i  against 
( H + ) e  f a r  shock compared with acid inrfu- 
sion supports this contention. Although the 
increase in venous blood Pc* with the de- 
cpease in arterial blood Pc02 was not unex- 
pected in the shack experiments, this finding 

8 o l o 1  ' ' '  ' '  ' '  ' in the acid infusion experiments was s m e -  
what surprising. This may have resulted 
from vasoconstriction in the leg with a reduc- 

against (H') ,  for 3 groups of experiments. tion in b l d  flow #to this region. This sug- 
gests that 'the acidosis produced in the skele- 

additional increase of 8.1 mEq/l must have tal m d e s  of the leg by infusion of acid 
been due to bicarbonate ions crossing the in these experiments was partially, at least, 
cell membrane with the very high gradient identical in mechanism to that of hemor- 
produced by infusion of d u m  bicarbonate. rhagic shock. Both resullted in intracellular 
The resulting decrease in intracellular pH is acidosis due to reduced tissue perfusion. With 

30 50 70 90 110 130 150 170 I90 210 

(H+le nM/L 

FIG. 1. Regression curves and equations of ( H + ) e  

considerably less than that usually found 
with a comparable increase in C02 tension. 

In Fig. 1 a plot of (H+)i against (H+)e 
for the first 3 groulps of experiments is 
presented. Allthough Ithe regression coefficient 
far the shock experiments is larger than for 
HCl, the difference is not statistically sig- 
nificant. The differences between HCl and 
gluconic acid (P>.OS), and between shock 
and gluconic acid (P>.OOl) are significant. 

Discussion. It is recognized that the DMO 
technique for estimation of intracellular pH 
does not permit evaluation of short tran- 
sients. At least one hour of steady state 
must be maintained to allow equilibration 
of DMO across cell membranes, and this 
necessarily imposes the time limittation neces- 
sary for the experimental procedure plus 1 
to 1% hours of steady state following the 
imposed intervention befare a new value for 
intracellular pH can be obtained. Given these 
time limitations however the d'ata in these 
experiments suggest that for skeletal muscle 
cells the intracellular-extracellular pH rela- 
tionship is not markedly different whether 
the acidosis has been produced by infusion 
of hydrogen ions into the extracellular am- 
partment or production of hydrogen ions 

this factor operating it is not-surprising that 
the acid infusion and shock results are simi- 
lar. The results from the two groups in 
which extracellular bicarbonate vaxied with 
constank pH indicate that bicarbonate or 
hydrogen ions or both cross muscle cell rnem- 
b r a n s  in the equilibration times used in 
these experiments. At any rate, these find- 
ings p i n t  out the importance of using venous 
rather than arterial blood pH in calculation 
of intracellular pH. In these experiments 
after infusion of acid and also after institu- 
tion of shock, arterial blood did not reflect 
'the acid-base condition of interstitial fluid 
of the leg. 

Thc recent paper by Carter, Rector, Cam- 
pion, and Seldin(8) indicates that DMO 
distribution does not measure pH of the bulk 
phzse of skeletal m u l e  cells. If DMO dis- 
tribution measures an average pH of cell 
contenlts, or if 'part of the DMU is bound 
and should not (be included in the value used 
for ionized DMO in calculating intracellular 
pH, Ithe accuniulated d a b  fm use of DMO 
indicates that the value obtained changes 
with changes in Pc02 as expected and that 
the changes in pHi as measured by the DMO 
technique are prdmbly valid. 

within the inltracellular compartment by Summary. Intracellular pH was deter- 
interference with aerdbic metabolism. The mined by distribution of 5,5-dimethyl-2,4- 
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oxazolidinedione (DMO) in skeletal muscle 
of dogs 1) infused with .3 N HCl, 2 )  infused 
with .3 N gluconic acid, 3)  infused with HCl 
and ihyperventilated to maintain extracellular 
fluid pH constant, 4)  infused witlh .6 N 
HC03 and given COz and 0 2  to breathe 
to maintain extracellular pH constant, and 
5 )  maintained in hemorrhagic shock. After 
the one to two hours required to reach 
equilibrium distdbution of DMO there was 
not a striking difference in the intracellular 
hydrogen ion-extracellular hydrogen ion gra- 
dient Ibtween animals infused with HCl and 
those in hemorrhagic shock. Those infused 
with glumnic acid did show a significant 
difference from the shock animals. The differ- 
ences were in the direction that would be ex- 
pected firom slower distribution across cdl 
membranes of H+ and/or HC03- than COz. 
The experimmts in which extracellular pH 
was maintained constant in the face of in- 
fusion of HCl or NaHC03 also demonstrate 
the primary dependence crf intracellular pH 
on Pco2 although in these experiments there 
is additional clear evidence of transfer of H +  

or Hm3- Iktween intracellular and extra- 
cellular fluid over these shart tilme intervals. 
With these time intervals of 1 to 3 hours, the 
intrmllular acidosis af hemorrhagic shock is 
well reflected in the extracellular fluid, and 
the extracellular acidosis produced by in- 
fusion of acid into .the b l d  is rdected in 
the inlbracelldar fluid. 
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Analysis of the Isoimmune Response to Leucocytes : I. Maternal 
Cytotoxic Response to Fetal Lymphocytes.* (32.517) 

HAROLD S. GOODMAN AND LILLIAN MASAITIS 
(Introduced 'by Kenneth C .  Rabbim) 

Michael Reese Research Foundation, Chicago, ZU. 

Considerable effort is k i n g  direclted toward 
the antigenic analysis of human leucocytes 
and determining their role in hisltocompti- 
bility( 1) .  If it is estarblisihed that these anti- 
gens are also determinants of histocompati- 
bility, leucocyte typing ultimately will pro- 
vide a simlple means of matching donors 
and recipients for organ transplantation. A 
major source of antisera for these studies is 
found among women sensitized to antigens 
of fetal leucocytes during pregnancy. Al- 
though a number of studies concerned with 
the incidence of leucocyte isoantifbodies among 
parous women have lbeen carried out( 2 , 3 ) ,  in 

*This work supported in pent by cmtrad PH 
43-66-482, from Nat. Inst. of Allergy & Infect. W. 

these studies leuwagglutination was exclu- 
sively used as an index of the antibody r e  
sponse. Our labomtory recently has had the  
opportunity to re-exmnine Ithe immune re- 
sponse in prow women, ,by the now m- 
monly used cytotoxic p d w e ( 4 ) ,  and to 
draw certain conclusions concerning the inci- 
dence and specificity of ithe arvtilbodies mani- 
fest in this technique. 

Materials and methods. Antisera. Blood 
samples were obtained frwn maternity pa- 
tients during their hospital confinement at  
the time of delivery. The w m  was s e p -  
rated and stored at -20°C. 

Lymphocyte preparation. Our cell panel 
urns obtained f r m  10 group 0 Iblood d o n a .  


