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Distribution of Chlorides and Bicarbonates in Blood Following 
Addition of Hydrochloric Acid. 

FRANK L. -.IPPEKLY AND kI. K. CARY. 
From tlie Pathology Departnieltt, Jledicctl College of Virginia,  Richmond, Ba. 

recent study of the distributioii of chlorides betweeii the plasma 
and red cells in cases of arterial hypertensioii (ApI>erly aiid Cary’) led 
us to question sonie of the usually accepted theories concerning elec- 
trolyte distribution in blood generally. Van Slyke and as the 
result of experiments aiid considerations of thermo-dynamics, have 
formulated certain laws regarding the distribution of water and 
ions between red cells and plasma under various conditioiis. One 
ot  these laws can lie expressed thus: 

(cl>c (IICO,)(> (HIs (E.Hb) e 
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where ( C1) c 1  ( HCO.:) c ,  and (CI ) b. ( I-ICO., 1 <, etc., 1-ep-esent con- 
centrations in iiiilliriiols per liter of water in  cells and i n  plasnia 
respectively, (B.Hh ) refers to concentration of base 1)ouiid by 
hemoglobin and (-4 ) to concentration of total monovalent ions 
(largely CI and HCO.:). From the above it follows that tliese ratios 
rise or fall with illcreasing or decreasing H-ioii concentration until 
finally the ratios equal unity at pH 6.6, the isoelectric point of 
hemoglobin. 

Although these laws were workccl out on horse’s l~lood in v i t ro ,  
they have since heen confirmed, in the main, on tlie l h o d  of man 
and other aninials i l l  v i t r o ,  after the tise of varying pressures o f  CO, 
to produce changes in pH,  and in dogs ijz 7 i 7 ~ 1 ,  following the intra- 
vciious itijection of hy-drochloric acid ( Harltins and Hastings3). 

ratios to n r y  in a roughlj. parallel mariner following a ltetogenic 
diet for 18 days (Apperly and Norris4) and as the result of elevation 
to the nioderate altitude of 6000 feet ( Apperly5). In severe disease 
the laws also hold good (Muntwyler, ct ~ 1 . ~ ) .  

~ __ - ~- - 

IVe have also founcl  the (C1)C (Cl)‘. and (FKO*:)c:  (13CO::)s 

1 Apperly, F. L., and Cary, M. K., Am. J. Med.  Rci., 1937, 194, 352. 
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The laws. hov-c~-er, arc only ap1,rosimations. T ~ U S  \'an Slyke, 
cf nl.,' found hy direct o lxn-a t ion  that : 

(H) s (WC (HCO,) c 

(H) (c") s (HCO,) s 
Further, the ratios do not reach unity at the pH corresponding to the 
isoelectric poilit of heiiioglohin. ITarious explanations, such as an 
incomplete dissociatioii of (-1, or the formation of carb-hemoglobin 
in the cells, with an apparent rise in the ( HCO, j c :  (HCO,) ratio, 
have been invoked to explain these discrepancies. 

Methods. In an endeavor to avoid sonie of these possible sources 
of error we have introduced ccrtaiii modifications. 

( a )  In all previous ivork thc blood changes in pH, and con- 
sequentlj- in redistributioii o f  ions. have been brought about by the 
addition of H,CO:,. HCI 01- other acid, all involving the' addition 
of 2 different ions, and. generally. an altered total ionic concentration 
in the blood, so that tlie variations in the curves obtained were each 
the resultant of several factors. 'This has been avoided by comparing 
bloods i i i  which only the katioii was changed, i. c., the Na ion was 
gradually replaced 1))- 13 ions, all other ions remaining constant. 

The CO, conibined jvitii reduced hemoglobin as a carbamino 
coiiipound (carb-hemoglobin) accounts for about 6 wlumes in 
an average blood sample. In oxygenated blood, however, the carb- 
amino CO, is reduced to about one-third of this, and falls to even 
lower values with fall in pH ( Fcrguson and Roughton'). Since in 
our experiments all bloods were oxygenated, and in most cases acidi- 
fied with HCI, the carbaniino CO, held niust therefore, according 
to these authors, have I>een YCI-J- small indeed. The slight, though 
constant differences lxtnrceii 0111- ciirves for cell CO, and plasma 
COz correspond closely in niagnitude to the carbamiim CO, content 
found by these workers and, in fiirther discussions, will he ignored. 

Mixtures were made hj- addiiig 1 . 5  cc o f  0.5 N chloride solution to 
23 cc of osalated or t1efil)riiiatcxl dog's 1)lood. The composition of 
the chloride solutions varied iii the relative amounts o f  HC'I and 
NaCl, so that the resultant mjxttircs w-ith l h o d  varied only in their 
H and Ka concetitratioiis. 'The C1 mixture was slowly added and 
well niixcd. The 1)lood W ; I S  theti transferred to a 400 cc separatory 
funnel, saturated with tlie al\~colai- air of one of us, arid the following 
then deterniiiiecl. T r i , z .  : C'1 (Eiwinian's modification of Van Slylte's 

__ - -- 0.7;- = O.tjZ--- 

( h )  

7 Van S l ~ k c ,  D. l),, IIastings, A.  H., AMiirrxy, C'. I)., and Sendroy, J., Jr., ,I. B i d  

8 Fergnaon. .J. K. JV.. a n d  Hougliton, F. . J .  JV., ,I. f'hys<ol., 1934, S S ,  87. 
Chem., 1925, 65, 701. 
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FIG. 1. 
Showitig a1ter:itions in Cl xiid HCO,: conctwtrzttioiis i n  both 1)l:isiiia and red 

ec4ls of blood following the addition of equal volumes of cqui-molecular mixtuws 
of NaCl and HC1. 

i11cthod") and CO, coiiteiits (Van Slyke and Culleii"') of plasma 
;ind whole blood ; lieniatocrit volume of red cells : water content of 
plasma and red cells (by dry weight) : aiid pf3 (Coleman glass 
electrode) of tlie various niixturcs. From these figures the C1 and 
IICO; were calculated as niM per liter of plasma water and of red 
cell water. IVhei-e applicable, all results were corrected as for 38°C. 

,After many preliiiiiiiary trials, 10 complete experiments were 
carried out. In each, (HCO,) and (Cl ) were plotted against pI-1 
sirice below pH 7.0 at any rate, tlie curves obtained were nearly 

9 Eisenman, A. J., J .  Biol. Chem., 1939, 82, 411. 
10 Van Slyke, D. D., and Cullen, G. E., Jr.,  J .  L'iol. Ckein., 1917, 30, 289. 



straight lines (Vaii Slyke, rt  ( 7 1 . I L ) .  Fig. 1 is typical o f  the group. 
ReszrZt.c. ( a )  The CO, content. The ( E~COn)c  and (HCO,), 

curves nearly coincide, i. ( 9 . .  the ratio of the former to the latter 
equals unity irrespective o f  pH.  When these curves are traced to 
the right they reach their lowest values at ahout pH 6.1. If the 
blood is saturated with alveolar air as described above the CO, values 
are about 2 n iN  at 1)H 6.1, hut i f  with atmospheric air this value 
falls to ahout 1 niM. These figures were confirmed in other es-  
periments with plasma alone by adding sufficient acid to carry the 
mixture below pH 6.1. In these and other experiments we. find a 
bend in both the plasma ant1 I-ctl cell CO, curves somewhere between 
pH 7.0 atid 7.2, lwlmv if-hich thc curves are almost straight lines. 

(b )  The Chlorides. \\'it11 tliminishing p H  the red cell chloride 
curve rises and the plasnia chloride curve falls, but the most careful 
work failed to  give any constant pH point at which the curves 
crossecl, i .  ( 7 . .  where (CI), ' (CI l \  = 1. In general, the pH at which 
the crossing occtiri-cd secnieti t o  depend upon and to vary roughly 
with thc red cell content of thc hlood. 

Tlic htmatocrit volume shows a small hut steady rise with 
ialling pH, due, as is well I;iion-ii, to transfer of water from plasnia 
to red cells. 

111 general thcsc rcsults sccm to be coiifirnied when 
we plot, in similar maiiner. soiiie o f  tlie results of other workers in 
which acid other than i v a b  ac-ltletl to hlooc-1 iiz rcifro or itz v i vo  
and when stifficient data a\-ailahle for values below pH 7.0. 
In Harliins and Hastitigs' paper" cxperiiiients 2 and 3 and Fig. 7 
all show practical disappearaiicc. of (.XI2 at about pH 6.1. ,4gain at 
normal blood pH,  tlic al-crage valuc given by several other authors 
for cell water is ahout 6.5% ;md for plasma water about 92%. Since 
the ratio 65/92 equals ahout 0.70 the same figure obtained by Ap- 
perly and C'ary' for the valtie o €  the ratio (€ICO:~)c/('HCO,)s for 
many I h o d s  ('ivheti n o  allon.;uice was niade for cell and plasma pro- 
teins) it follows that in t~o r~na l  1 ) l o r ~ I  tlie ratio (HCO,) J(HC0,) s 

calcnlatcd as coilcentrations 1xt- unit o f  cell water, must approximate 
unity. Further, P c t e d 2  gi17cs tlie value o f  (HCO,) JHCO,) at 
nornial hlood 111-1 as 0.027/0.038 which also, for practical purposes, 
equals unity. Since both the ( I € C O ; j ) r  and (HCO,)s curves are 
practically straight lines, arid both reach very small values or zero 
at ahout pT-1 6.1, it follows that the 2 curves approximately coincide, 
and therefoi-c that the values o f  the ratio at all pFI levels less than 

( c  

Disc-ri.s.siorz. 



normal approximately equal unity \\-lien the acid added is oiie other 
than CO,. The HCO,, ion ~vould therefore appear to he freely 
diffusible into arid out o f  the cell jvall, The difiering values of the 
ratio obtained by other observers, using different pressures of CO,, 
suggest that the formation of carl>heniog.lol~iii has coniplicated the 
1) ic t ur e , 

We have iiot yet further investigated tlie apparent dependence 011 

the heniatocrit value (or red cell content) of the pH at which 
(Cl)c/’(Cl)s  = 1. As already stated, this p € i  appears to vary 
directly with the heniatocrit yalue. It \;vould seem reasonable to 
suggest, however, other coiiditioiis heiiig equal, that blood with liigli 
red cell content, i. P.,  better buffered, M W I ~ ~  take up iiiore C‘O, when 
saturated with alveolar air, aiid therefore result in a larger transfer- 
ence of C1 from plasma to red cells. This in turn would mean a more 
rapid rise in the (Cl), curve and a correspoiidiiigly rapid fall in 
the (Cl) ,  curve, so that the crossing of the curves is shifted to left. 
Conversely. the pH at which (CI ) ,/ (Cl) = 1 iii anemic hloocl 
would be expected to shift to the right, i. ~ 7 . .  at a lower pH. 

,411 investigation has been made of certain aspects of 
Van Slyke’s laws concerning tlie distributioii of ions between red 
cells and plasnia at different p € i  \-dues. jj7heii hydrochloric acid 
was used to bring allout variations in blood pH, losses of CO, 
from plasnia water and cell water were equal, so that the ratio 
( HCO., ) ci/i ( HCO ;) reiiiaitietl uiidiaiiged aiid equal to unity at all 
pH values. The values of (Cl)c/(Cl)s at different pH values did 
not parallel the values of (HCO::) c/ (HCO,:) , but gradually rose 
to unity at values of pH which varied, the actual value appearing to 
depend upon arid to l-arj- with the red cell content o f  the hlood. 

Sur,zrtlnuy. 
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A New Method of Administering Heparin.” 

In  the course o f  studies on esperiniental sulncute hacterial endo- 
* This work was made possible tlirougli tlic coiiyemtion of the Roclie-Organon 

Coriipnrip of Xutlep, S.J., which supplied a11 thc i i t ~ e s s : ~  ry m:ttcrinls. We wish to 
express our appreciation to  Ihs. Ralph D. Shaner n i id  I.co P i r k  of that organization 
for  their interest arid helpful suggestions. 


