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Summary. Changes in extracellular pH (pHo) in human red cell 
suspensions were monitored in a stopped-flow rapid reaction ap- 
paratus. A 20 % suspension of washed human RBC in saline at 
pH 7 containing NaHCO 3 and extracellular carbonic anhydrase 
was mixed with an equal volume of buffered saline solution at pH 
6.7. Sodium salicylate, when present, was added to both the 
erythrocyte suspension and the buffer solution. The effects of 
salicylate in the therapeutic to toxic concentration range on 
HCO~/C1- exchange were studied at 37 ~ HCO~-/C1- exchange 
flux was estimated using the extracellular buffer capacity and the 
difference between dpHo/dt using a control RBC suspension and 
that using a suspension of RBC whose anion exchange pathway 
was markedly inhibited. The results show that salicylate com- 
petitively decreases the rate of HCO;-/CI- exchange, with in- 
hibition increasing as salicylate concentration increases. K I is 
~2.4mN. At a salicylate concentration of 10mM, HCO~/C1- 
exchange under the conditions of our experiments was inhibited 
by more than 70 %. These findings are consistent with the possi- 
bility that CO 2 transfer in capillary beds in vivo may be dimin- 
ished in the presence of salicylate due to slowing of red cell 
HCO3/C1- exchange. 
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Introduction 

The importance of the kinetics of bicarbonate/ 
chloride exchange across the erythrocyte membrane 
during CO 2 uptake in the tissues and elimination in 
the lungs is related to the possibility that it might 
limit the amount of CO 2 that can be transferred 
during capillary transit (Wieth & Brahm, 1978, 
1980; Crandall & Bidani, 1981; Crandall etal., 
1981). This observation is due to the fact that the 
half time for HCO~-/C1- exchange in vivo may be of 
the same order of magnitude as the transit time of 
red cells through capillaries (Obaid & Crandall, 
1979; Crandall & Bidani, 1981). Inhibitors of the 
specialized red cell anion exchange pathway, there- 
fore, may have a profound effect on the transfer of 
metabolically-produced CO 2 from cells to environ- 
ment under certain conditions. 

Salicylate has been shown to cause inhibition of 
phosphate and sulfate exchange across the red cell 
membrane (Passow & Schnell, 1969; Deuticke, 1970; 
Schnell, 1972), with a K I of ~3  mM for sulfate ex- 
change. It has also been demonstrated that salicylate 
is a potent inhibitor of C1-/C1- self-exchange across 
the red cell membrane (Wieth, 1970). Dalmark and 
Wieth (1972) found that at a concentration of 
120 mM, salicylate reduced the rate of efflux of chlo- 
ride ions from red cells by a factor of about 500. 
However, no information has been obtained on the 
effects of salicylate on the physiologically important 
HCO~/C1-  exchange, especially in the clinically rel- 
evant concentration range. 

In the present work, HCO~/C1-  exchange in 
human red cell suspensions was studied in the stop- 
ped-flow rapid reaction apparatus using a modifi- 
cation of a technique described previously (Chow, 
Crandall & Forster, 1976; Obaid & Crandall, 1979). 
In the absence of salicylate, if a large quantity of H + 
is added to a red cell suspension which contains 
carbonic anhydrase in its extracellular fluid, some of 
the H + will rapidly combine with HCO~- in the 
extracellular fluid to form CO2, which quickly en- 
ters the red cells where it is hydrated in the presence 
of intracellular carbonic anhydrase to form H + and 
HCO;- (Fig. 1). This "redistribution," which takes 
place in less than 20 msec (Chow et al., 1976), acts to 
quickly increase the intracellular concentration of 
H C O j .  The intracellular HCO~ then begins to 
move out of the cells in exchange for C1-. As 
HCO~- enters the extracellular fluid, it combines 
with H + there to form CO 2 and raise extracellular 
pH. The CO 2 re-enters the red cells and rehydrates 
to form HCO~ and H +. The net result of a com- 
plete cycle of one bicarbonate leaving the red cells 
and CO 2 entering to reform HCO~- is the transfer of 
one H + and one C1- from outside to inside the cells 
(with water following passively). This cycle of CO 2 
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Fig. 1. Schematic diagram of the Jacobs-Stewart cycle. This cycle 
as drawn effects the transfer of one H + and one CI- from outside 
to inside the red cell. See text for further discussion 
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Fig. 2. Schematic diagram of the Jacobs-Stewart cycle in the 
presence of salicylate (Sal-). When Sal- is present in both the 
intra- and extracellular fluids, the Jacobs-Stewart cycle accounts 
for only part of the flux of H § into the red cells. The remainder 
of the H § flux is mediated by movement of undissociated H. Sal 
into the red cell. See text for further discussion 

and  H C O ~  enter ing and  exiting the cells has been 

called the Jacobs-Stewart  cycle (Jacobs & Stewart, 
1942). dpH/dt in the extracellular fluid after the 
init ial  rapid redis t r ibut ion  of intra-  and  extracellular 
HCO~- is rate- l imited by the exchange of HCO~- for 
C1 across the red cell membrane .  The rate of 
HCO~-/C1- exchange can therefore be measured by 

mon i to r ing  dpHo/dt. H C O ~ / C 1 -  exchange is mark-  
edly inhibi ted by pre t rea tment  of the red cells with 
D I D S  (4-4 '-di isothiocyano-2-2 '-disulfonic stilbene) 

(Cabantch ik  & Rothstein,  1972). 
W h e n  salicylate (Sal- )  is present in both  intra-  

and extracellular fluids (Fig. 2), the Jacobs-Stewart  

cycle accounts  for only par t  of dpHo/dt measured 
exper imental ly  after addi t ion  of H § to the extracel- 

lular  fluid. The remainder  of dpHo/dt is due to the 
movemen t  of undissocia ted H . S a l  into the cells 
(Da lmark  & Wieth, 1972). Because DIDS  does not  
inhibi t  H . S a l  flux (see below), the rate of 
H C O 3 / C l -  exchange can be de termined from the 
difference between dpHo/dt in suspensions of no rma l  
RBC and  dpHo/dt in suspensions of RBC pretreated 
with DIDS.  A small correct ion is made  for the frac- 
t ion  of H C O  3 flux that  cont inues  to occur in the 
presence of DIDS.  

We have studied H C O 3 / C I -  exchange at 37 ~ 
in the presence of 0-10 mM sodium salicylate. The 

results indicate that  salicylate is a potent  inhib i tor  of 
the exchange with a K / ~ 2 . 4 m M .  At 10ram sali- 

cylate, H C O 3 / C I -  exchange is inhibi ted > 70 % un-  
der the condi t ions  of our  experiments.  

Materials and Methods 

Apparatus 

The stopped-flow rapid reaction apparatus used in these experi- 
ments has been described previously (Crandall, Klocke & Forster, 
1971; Chow etal., 1976). In the apparatus, a hydraulic drive 
system forces equal volumes of a red cell suspension (A) and an 
acidic buffered saline solution (B) through a four-jet mixer 
(0.004 mI) into a 0.1 mi reaction chamber. In the chamber, a pH- 
sensitive glass electrode (Leeds and Northrup 117145) is used to 
follow pH o as a function of time. The reference electrode liquid 
junction is a KCl-saturated cotton wick bridging a snug-fitting 
Teflon plug, and is pressure- and flow-insensitive (Crandall et al., 
1971). The voltage across the electrodes is amplified (Transidyne 
General MPA-6) and monitored on a storage oscilloscope screen 
(Tektronix 5103N). The voltage signal from a magnet-in-coil de- 
vice mounted on the drive block of the apparatus allows the flow 
velocity to be simultaneously monitored on the oscilloscope 
screen. The entire apparatus is water-jacketed, ~md the experiments 
reported here were performed at 37 ~ Using a ramp change in 
pH due to dehydration of carbonic acid, the response time of the 
electrode system has been estimated to be less than 5 msec (Cran- 
dall et al., 1971). At the flow rates used in these experiments (25- 
50 cm/sec), the elapsed time between mixing and reaching the 
glass electrode is less than 20 msec. 
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Preparation of Solutions 

Outdated human blood was centrifuged at 1000xg for 10 min 
and the plasma and buffy coat removed by aspiration. The cells 
were then washed (resuspended to about 20~  hematocrit and 
centrifuged for 10 min at 1000 x g) three times in a solution con- 
taining 146.5 mM NaC1, 3.5 mM KC1, and 0-10 mM sodium sali- 
cylate (NaC7HsO3). After the third wash, the cells were incubated 
at 10 ~ hematocrit and 37 ~ for 10 rain with constant agitation 
in 146.5 mM NaCI, 3.5 mM KC1, 0-10 mM sodium salicylate, 20 m~t 
Tris buffer (pH 7.4), and 0.2 % ethanol. The cells were then washed 
twice more as described above. After the final wash, the cells 
were resuspended in the wash solution to approximately 20~  
hematocrit. Bovine carbonic anhydrase (Sigma Chemical Co., 
4#3-7500, St. Louis, Mo.) and sodium bicarbonate were added 
anaerobically to the suspensions to concentrations of 800 Wilbur- 
Anderson U/ml and 2.2-8.8 mM, respectively. The resulting cell 
suspensions (A) were then titrated to an equilibrium pH between 
6.95 and 7.05. 

Suspensions A' were prepared in exactly the same manner as 
were suspensions A, except that the red cells were treated with the 
anion exchange inhibitor, DIDS. After the third wash, the cells 
were incubated at 10~ hematocrit and 37~ for 10rain with 
constant agitation in 146.5 mM NaC1, 3.5 mM KCI, 0-10 mM so- 
dium salicylate, 20 mM Tris buffer (pH 7.4), 0.2 ~ ethanol, and 
0.1 mM DIDS. The cells were then washed two times and suspend- 
ed to 20 ~o hematocrit (as described above). Eight hundred Wil- 
bur-Anderson U/ml of bovine carbonic anhydrase and 2.2-8.8 mM 
NaHCO~ were then added anaerobically to the suspensions. The 
resulting ceil suspensions (A') were titrated to an equilibrium pH 
between 6.95 and 7.05. 

The acidic buffered saline solutions B were composed of 
117.5mM NaC1, 15mM KH2PO~, 15raM Na2HPO4, and the 
same concentrations of sodium salicylate as in the respective red 
cell suspensions with which they were to be mixed. The pH of 
solutions B was always 6.7. 

Suspensions C and C' were prepared in the same manner as 
were suspensions A and A' above, except that the wash solution 
consisted only of 150mM sodium salicylate. The final pH was 
between 6.95 and 7.05. Solution B' was composed of llT.5mM 
sodium salicylate, 15 mM Na2HPO,, and 15 mM KH2PO 4. The 
pH of this solution was ~ 6.7. 

Experimental Procedure 

The stopped-flow apparatus was calibrated by passing standard 
buffer solutions through the electrode chamber. Solution B, at a 
given salicylate concentration, was then placed in the chamber 
and its output stored on the oscilloscope screen to serve as a 
reference value for a particular experimental run. Equal volumes 
of solution B and suspension A at the same salicylate concen- 
tration were then driven into the electrode chamber at approxi- 
mately constant speed until flow was abruptly halted. The sub- 
sequent time course of pH o of the mixture was monitored, stored 
on the oscilloscope screen, and photographed. The above experi- 
mental run was then repeated using the corresponding suspension 
A' and solution B. These experiments were performed over the 
entire range of salicylate concentrations. Several experiments were 
also performed using suspension C (or C') and solution B'. All 
experiments were performed at 37 ~ 

At the conclusion of each experimental run, intracellular pH 
was measured in a lysate of cells from the suspension used, 
prepared by freezing and thawing packed cells. All pH determi- 
nations were performed anaerobically (Radiometer BMS3 MK2 
blood gas machine). A sample of the effluent mixture from each 
experimental run was collected after having passed through the 
stopped-flow apparatus. The hematocrit of this sample was mea- 

sured in standard Wintrobe tubes, after centrifugation at 1000 • g 
for 10 lnin. The remainder of the effluent mixture was centrifuged 
and the supernatant titrated (Radiometer ABU13 autoburette, 
with TTA 60 titration assembly). The buffer capacity of the ex- 
tracellular fluid was determined as a function of pH. 

Computations 

The total initial flux of acid (H +) into the red cells after "re- 
distribution" (see above) per unit of membrane surface area is 
given by 

(dpHol 1 - H C T  
qSr=fl" \ dt I'(HCT)A/V (1) 

where (dpHo/dt) is the initial rate of change of extracellular pH 
after stopping flow, fi is the buffer capacity of the extracellular 
fluid at the "plateau" pH (immediately after redistribution), V is 
volume/ceil, and A is surface area/ceil. HCT is the hematocrit of 
the suspension after mixing of equal volumes of the red cell 
suspension and the buffered saline solution in the stopped-flow 
rapid reaction apparatus, q5 T includes H + flux due to HCO~-/CI- 
exchange plus that due to H-SaI flux, and is obtained when 
suspensions A are mixed with solutions B. 

The initial flux of HCO 3(~) out of the red cells is given by 
the difference between the total flux (qgr) and the flux of H + into 
the red cells obtained when DIDS-treated red cell suspensions A' 
are mixed with an equal volume of the acidic buffered saline 
solutions B: 

~b = q~T -- ~bDmS (2) 

where 

4)DIps = 4)H- s,l + ( ~ . c o ~  jCl- )DIPS" (3) 

In Eq. (3), ~bH.Sa a represents the flux of salicylic acid H. Sal, and 
(~bHCO3/co )DIDS represents the small but finite HCO~/C1 flux in 
DIDS-inhibited red cell suspensions. 

To obtain the true HCO~-/C1- flux at any salicylate con- 
centration, we use a concentration factor "a" such that 

q~Hcoyicl- = (4) 
a 

where 

a = I_ ~ Jsa,- = 0" (5) 

Substituting Eqs. (1) and (4) into Eq. (2) yields the following 
overall expression: 

~bncox/c,- = [flA" (dell~ ] " 1-(HCT)A 
\ d t  ]A (HCT)A'A/V 

(dpH~ t 1-(HCT)A' ] f a 
- ~ A , .  \~I~. ( H C ~ A ,  . ~ - v J  (6) 

where subscript A in Eq. (6) represents experiments with red ceil 
suspensions A and solutions B, and subscript A' represents corre- 
sponding experiments with DIDS-treated red cell suspensions A' 
and solutions B. If HCT and fi are constant, Eq. (6) could be 
further simplified. However, there were generally small differences 
in flA and fla,, and (HCT)A and (HCT)A,, necessitating the use of 
the general form of Eq. (6) above. 

In the absence of CI-, the flux of H. Sal can be determined 
using Eq. (1) directly (assuming Sal-/HCO;- exchange to be neg- 
ligible as discussed below). This equation was used to calculate 
initial fluxes in the experiments using suspensions C and C' with 
solution B'. 
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Fig. 3. Oscilloscope tracings obtained at 37 ~ when equal vo- 
lumes of solution B (pH 6.7, 5 mM salicylate) and suspension A or 
A' (pH 7.0, 8.8 mM NaHCO 3 and 5 mM salicylate) were mixed in 
the stopped-flow rapid reaction apparatus. The lower traces in- 
dicate times of starting and stopping flow. The upper traces 
represent the extracellular pH (pHo) of the fluid in the measuring 
chamber as a function of time. Each trace was swept across the 
screen several times. See text for further details of the experimen- 
tal records. (a): Solution B +suspension A (HCT= 19 %). (b): So- 
lution B + suspension A' (HCT = 21%) 

Results 

Figure  3a shows a typical  exper imenta l  r ecord  ob-  
ta ined  when equal  volumes  of  so lu t ion  B conta in ing  
5 mM sal icyla te  (pH 6.7) and  suspens ion  A (pH 7.0, 
hema toc r i t  19%) con ta in ing  800 U / m l  of  ca rbon ic  
anhydrase ,  8.8mM N a H C O  3 and  5raM sal icyla te  
were mixed  in the  s topped- f low appara tus .  The  up- 
per  t rac ing  shows the p H  of  the fluid in the  chambe r  
as a funct ion of  time. The  lowest  t rac ing represents  
flow velocity,  where a d o w n w a r d  def lect ion indicates  
an increase  in flow speed. Pr io r  to the in i t ia t ion  of  
flow, so lu t ion  B is in the e lec t rode  chamber  and  its 
p H  is ind ica ted  as the left u p p e r m o s t  pa r t  of  the 
upper  t race in Fig. 3a. W h e n  flow starts, ind ica ted  
by an a b r u p t  d o w n w a r d  def lect ion on  the lower 
trace, p H  increases to the " p l a t e a u "  p H  (after re- 
d is t r ibut ion)  which persists  unti l  the flow is s topped.  
After flow stops,  the  p H  of  the  mix ture  rises toward  
its equ i l ib r ium value  due to bo th  the Jacobs-S tewar t  
cycle effecting the t ransfer  of  H + and  C1- from 
outs ide  to inside the cells, and  the m o v e m e n t  of 
und i s soc ia ted  H .  Sal in to  the red cells (Fig. 2). The  
ini t ia l  dpHo/dt immedia t e ly  after flow s tops  is used 

to compu te  C r. 
F igu re  3b shows the exper imenta l  r ecord  ob- 

ta ined  on  a subsequent  exper imenta l  run  when D I D S -  

t rea ted  R B C  suspens ion  A' con ta in ing  800 U /ml  
of  ca rbon ic  anhydrase ,  8.8 mM N a H C O 3 ,  and  5 mM 
sal icyla te  (pH 7.0, hema toc r i t  21%) is mixed  with 
buffered saline so lu t ion  (pH 6,7) con ta in ing  5 mM so- 
d ium sal icylate  in the s topped- f low appara tus .  After 
flow stops, the p H  o of  the  mix ture  is aga in  seen to 
increase  (more  slowly), with a seemingly  smal ler  to- 
tal p H  o change  than  tha t  with suspens ion  A (Fig. 3a) 
to a "quas i - equ i l i b r a t ed"  value. In  fact, a very slow 

Table 1. Summary of experimental flux data ~ 

[HCO3] [Salicylate] dpHo/dt (control) dpHo/dt (DIDS) ~HCOx/Cl 2 
(mM) (mM) (sec -1) (sec -1) (moles/cm -sec • 10 1o) 

2.2 0 0.0323 -+ 0.0030 0.0006 _+ 0.0001 1.422_+ 0.122 
2.2 2 0.0265 -+0.0036 0.0046 _+0.0005 0.858 -+0.092 
2.2 5 0.0230 ,+ 0.0019 0.0096 _+ 0.0007 0.580 _+ 0.051 
2.2 7.5 0.0229 ,+ 0.0014 0.0127 ,+ 0.0009 0.454 ,+ 0.064 

4.4 0 0.0479 _+ 0.0051 0.0007 ,+ 0.0001 2.127 + 0.259 
4.4 2 0.0366 ,+ 0.0031 0.0047 ,+ 0.0006 1.217 ,+ 0.126 
4.4 5 0.0285 ,+ 0.0049 0.0080 ,+ 0.0014 0.916 ,+ 0.161 
4.4 7.5 0 .0335-+0 .0039  0.0136_+0.0008 0.854_+0.130 
4.4 10 0.0329 _+ 0.0012 0.0206 _+ 0.0010 0.590 _+ 0.061 

8.8 0 0.0643 -+0.0036 0.0011 -+0.0002 3.371 _+ 0.274 
8.8 2 0.0547 _+ 0.0058 0.0043 -- 0.0002 2.483 _+ 0.258 
8.8 5 0.0421 ,+ 0.0028 0.0088 ,+ 0.0004 1.780 +_ 0.170 
8.8 7.5 0.0377 +_0.0027 0.0131 _+0.0010 1.231 +_0.115 

Entries are mean ,+SEM (n>3). 
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subsequent  p H  o increase  occurs  in these mixtures  
such that  the to ta l  A pHo with suspens ions  A and  A'  
are abou t  the same (see below). In i t ia l  dpHo/dt is 
used to compu te  ~bDIDS. Us ing  these measu remen t s  of  
the ini t ia l  ra te  of  p H  change  (dpHo/dt) f rom Figs. 3a 
and  b, we calcula te  t rue H C O 3 / C 1 -  flux at  the given 
sa l icyla te  concen t r a t i on  of  5 raM. 

As ou t l ined  above,  the flux of  b i c a r b o n a t e  out  of 
the red cells in exchange  for C I -  can  be ob t a ined  
from records  of  dpHo/dt using n o r m a l  red cell sus- 
pens ions  A and  D I D S - t r e a t e d  red  cell suspensions  
A'  in the presence of  different concen t ra t ions  of  sali-  
cylate. This da t a  is summar i zed  in Tab le  1. The  
mean  ini t ia l  values of  dpHo/dt in con t ro l  and  D I D S -  
t rea ted  red cell suspensions  at  sal icylate  concen-  
t ra t ions  of  0 - 1 0 m M  and  to ta l  b i c a r b o n a t e  concen-  
t ra t ions  of  2.2-8.8 are given. The  mean  ini t ia l  
dpHo/dt ( n = 2 )  ob t a ined  on  mix ing  cell suspens ion  
C with buffer so lu t ion  B'  in the s topped- f low ap-  
pa ra tus  was 0.038, c o m p a r e d  with 0.041 when 
D I D S - p r e t r e a t e d  cell suspens ion  C'  was mixed  with 
buffer so lu t ion  B'. 

Figure  4 shows the percen tage  inh ib i t ion  of  the 
H C O ~ / C I -  flux in the presence of  sa l icyla te  as a 
funct ion of  the  log of  the sa l icyla te  concen t r a t i on  
(raM). I t  can be seen tha t  sa l icyla te  is a po ten t  in- 
h ib i to r  of  h u m a n  RBC H C O ~ / C 1 -  exchange,  caus- 
ing a decrease  in flux of > 35 ~ when [ S a l - ]  = 2 mM 
and  > 7 0 ~ o  when [ S a l - ]  = 10 mM. 

In  the D i x o n  p lo t  (1/qSHco~/cl- vs. [ S a l - ] )  shown 
in Fig. 5, the s t ra ight  lines th rough  the da t a  po in ts  
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for each of the experimental bicarbonate (substrate) 
concentrations intersect at a point above the ascissa 
and to the left of the ordinate, compatible with 
competitive inhibition. The point of intersection of 
these lines corresponds to the K I of 2.4 mM. 

Figure 6 shows a Cornish-Bowden plot 
([HCO~-]/~bHco~/c l- vs. [Sal-]) for HCO~/C1- ex- 
change across the red cell membrane at 37 ~ The 
approximately parallel lines for the different bicar- 
bonate concentrations indicate that salicylate inhi- 
bition of RBC H C O j / C I -  exchange is strictly com- 
petitive. 

Discussion 

The experiments reported here were undertaken to 
quantitate the effects of salicylate on HCO~-/C1- 
exchange across the human red cell membrane at 
37 ~ In the presence of a weak acid (such as sali- 
cylic acid), only a fraction of the initial dpHo/dt 
measurable when a red cell suspension is mixed with 
more acidic buffered saline solution is effected via 
the Jacobs-Stewart cycle (in which HCO~-/C1- ex- 
change kinetics are rate limiting). The other fraction 
of the initial dpHo/dt is due to the movement of 
undissociated acid into the red cells. In these experi- 
ments, H .Sa l  flux occurs despite the fact that the 
pH at which these experiments were performed 
(~6.7) was much higher than the pK (2.97) of sali- 
cylic acid (see below and Dalmark & Wieth, 1972). 

When red cell suspensions that have been pre- 
treated with DIDS (a potent inhibitor of the anion 
exchange pathway) are mixed with acidic buffered 
saline solution in the presence of salicylate, 
HCO~-/CI- flux across the red cell membrane is 
markedly reduced, but the flux of undissociated 
H.  Sal is essentially unaffected (see Table 1 and be- 
low). By subtracting the initial dpHo/dt measured 
with DIDS-pretreated suspensions from that ob- 
tained with control suspensions, we were able to 
calculate the flux of HCO3/C1- across the red cell 
membrane in the presence of varying concentrations 
of salicylate. 

Fifty percent inhibition of the HCO~-/C1- ex- 
change flux occurred at ~3.8 mM salicylate in our 
experiments (Fig. 4). This can be compared with 
~5 mM salicylate reported by Deuticke (1970) and 
Schnell (1972) for 50% inhibition of phosphate and 
sulfate transfer across the red cell membrane, re- 
spectively. In a later review, Deuticke (1977) cites 
values of ~2.5 and ~1 mM for half-maximal in- 
hibition of phosphate influx and sulfate efflux at 
37 ~ in human erythrocytes, respectively. The K I of 
2.4 mM (Fig. 5) that we obtained can be compared 
with a KI of ~3  mM obtained by Schnell (1972) for 
sulfate transfer across the red cell membrane at 

37 ~ The differences among these values are small 
considering the different anionic species and the 
variability in the systems used to study their ex- 
change properties. Furthermore, our experiments 
were performed at pH ~6.7 compared to 7.2-7.3 in 
Schnell's (1972) work and ~7.35 in the study of 
phosphate transfer across the red cell membrane 
(Deuticke, 1970). It should also be pointed out that 
our data indicate a strictly competitive inhibition by 
salicylate of HCO~/C1 exchange, whereas Schnell 
(1972) noted, with some surprise, that salicylate in- 
hibition of sulfate exchange was noncompetitive. 

On mixing DIDS-pretreated red cell suspensions 
containing salicylate with acid-buffered saline so- 
lution, not only is the rate of rise of extracellular pH 
of the mixture after stopping flow considerably slow- 
er than that in control suspensions, but the ap- 
parent extent of the rise is also smaller (Fig. 3). The 
apparent decrease in the total pH o change after 
stopping flow in DIDS-treated red cell suspensions 
is due to the fact that H .Sa l  flux, predominant 
initially, rapidly declines due to the fall in extracel- 
lular [Sal-],  resulting in the quasi-equilibrium pH o 
seen in Fig. 3b. After the dissipation of the H - S a l  
flux at this point, H + transfer is subsequently effect- 
ed almost solely via the Jacobs-Stewart cycle, rate 
limited by the markedly inhibited HCO~/CI-  ex- 
change pathway. The continuing rise in extracellular 
pH beyond the quasi-equilibrated pH o is therefore 
very slow and not seen in Fig. 3b. The fact that the 
eventual equilibrium pH o using suspension A' was 
essentially the same as that using suspension A was 
verified in a number of experiments by observing 
pHo over more than 10 min. Furthermore, the differ- 
ence between plateau pH o and quasi-equilibrated 
pH o using suspensions A' increased as [Sal-] in- 
creased, indicating that the initial dpHo/dt is in fact 
due to H.  Sal flux. 

In experiments where C1 was absent (i.e., red 
cell suspensions C containing 150 mM salicylate, and 
solution B'), the total flux ~b r was ~ l . 7 x 1 0  -1~ 
mole/cm2-sec. When DIDS-pretreated red cell sus- 
pensions C', also containing no CI- and 150mM 
salicylate, were mixed with acidic buffered saline 
solution B', the flux of H § (q~Dms~2.1xl0 -1~ 
moles/cm2-sec) was seen to be essentially the same. 
This indicates that DIDS has no observable effect 
on the movement of H.  Sal across the red cell mem- 
brane, and suggests that the HCO~-/Sal- exchange 
flux is negligible. It has previously been shown that 
the CI- /Sal-  exchange in a 150mM sodium sali- 
cylate medium is virtually negligible at 0 ~ (Burgin 
& Schatzmann, 1979). 

Since the acidic buffered saline solutions B con- 
tained phosphate, it is possible that phosphate-anion 
exchange or phosphoric acid flux could be present 
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in our experiments. As noted above, the experiments 
with DIDS-pretreated red cell suspensions (contain- 
ing salicylate but no C1-) showed no difference be- 
tween ~bDIDS and ~b ~. This suggests that 
H2PO2/HCO ~- exchange in our experiments was 
not significant. Furthermore, phosphate permeability 
of the red cell membrane is ~1/104 that for CI- 
(Deuticke, 1977). It is possible that some of the flux 
observed in our experiments interpreted as being 
due to H-Sal  flux was due in part to the movement 
of phosphoric acid (H3PO4). Since the pK of phos- 
phoric acid (~2) is much lower than the pK of 
salicylic acid (~3), it would be expected that, if 
these undissociated weak acids have about the same 
permeability through the RBC membrane, phos- 
phoric acid flux would be only 1/10 that of salicylic 
acid. In experiments with DIDS-pretreated suspen- 
sions A' that contained no salicylate, qSD~DS was not- 
ed to be extremely small (Table 1), suggesting that 
the movement of phosphoric acid across the red cell 
membrane in these experiments was not significant 
despite being present at the same concentration as 
in all the other experiments. Even if a fraction of the 
dpHo/dt measured in our experiments were due to 
the movement of phosphoric acid, it would remain 
approximately constant under all conditions since 
the concentration of phosphate in all experiments 
was the same. This phosphoric acid flux would be 
included in dpHo/dt in both terms of Eq.(6) and 
would thus not influence our calculated q~uco;/Cl- 
across the red cell membrane at various salicylate 
concentrations. Finally, no difference was noted in 
dpHo/dt when phosphate was completely replaced 
by imidazole in solutions B. 

Since salicylate is a primary metabolite of as- 
pirin, a widely used drug, it is interesting to specu- 
late on the possible in vivo implications of these 
results. The therapeutic range for salicylate (total) 
concentration is ~ 1.5-2.5 mM (Hart, 1976), with the 
toxic range > 3 raM. For these concentration ranges, 
the fraction of the free salicylate concentration in 
vivo is dependent not only on the total salicylate 
concentration itself but also on the serum albumin 
concentrations. In individuals with normal serum 
albumin levels (0.3-0.6 raM), the free (unbound) con- 
centration of salicylate would be expected to be 
between 0.15-0.7 mM (Wosilait, 1976) when total sa- 
licylate is in the therapeutic range. In the toxic 
range, the concentration of free salicylate may be as 
high as 4-8 mM (Wosilait, 1976), where the inhibition 
of HCO3/CI-  exchange flux by salicylate might be 
physiologically significant (Fig. 4). Since it has been 
recently shown, both theoretically (Wieth & Brahm, 
1978, 1980; Crandall & Bidani, 1981) and experi- 
mentally (Crandall et al., 1981), that inhibition of 
RBC HCO3/CI-  exchange might significantly affect 

CO 2 excretion, these data on the inhibition of 
HCO3/C1 exchange flux by salicylate may be clini- 
cally relevant, especially in subjects with impaired 
cardiopulmonary function. 
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