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Chloride and sodium permeabilities of human red ceils 

Both the exchange of chloride isotopes dur ing s teady state dis t r ibut ion of non-  
radioactive chloride z and  the net  exchange of chloride for bicarbonate  across the 
h u m a n  red cell membrane  2 occur rapidly at room temperature.  The rate cons tant  of 
chloride exchange is 3.z sec -1 at 23 ° meaning  tha t  the exchange is 50 % completed 
in 0.2 sec (ref. I). The net  exchange of chloride for b icarbonate  has reached equil ibr ium 

within  one second at 23 ° and  a Q10 of z. 5 has been reported between o and 24 ° (ref. 2). 
Assuming tha t  both  net  exchange and  self-exchange of chloride are affected similarly 
by  temperature ,  one might,  therefore, by  extrapolat ion conclude t ha t  exchanges of 
chloride reach half equi l ibr ium values in 0. 5 sec at  o °. Nevertheless, we have observed 
tha t  the rate of chloride exchange is slowed drastically by  a lowering of tempera ture  
to permit  a detailed s tudy  between o and  IO ° by  a modification of the erythrocyte  
fi l tration technique of MAWE AND HEMPLING 8. We studied the exchange of 8eC1- 
between h u m a n  red cells and a medium with the electrolyte composition of normal  
plasma (cf. Fig. I). The rate cons tant  of chloride exchange at o ° and  pH 7.40 was 
0.039 sec -1 (range, 0.037-0.042; S.D., o.oo2; n = 5). This means tha t  the half t ime 
of chloride exchange is i8  sec at o °. When  the temperature  is increased from o to zo ° 
the rate of chloride exchange increases by  a factor of 7 from 0.04 to 0.3 sec-L Results 
obta ined at  in termediate  temperatures  appear in Fig. z. 80-90 % equil ibrat ion of ~C1- 
between cells and medium was reached within 2 sec at I8 °. An est imate of the rate 
cons tant  is I sec 4 ,  the same order of magni tude  as found in the two cited studies 1, 2. 

Fig. 2 shows tha t  the logari thm of the rate  cons tant  bears a l inear relation to 
the reciprocal absolute temperature ,  and an apparent  act ivat ion energy of 33.2 (S.D., 
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Fig. I. The rates of steady state exchange of chloride between human red cells and bicarbonate- 
buffered electrolyte medium at  o and i o  ° (pH 7.4o). The electrolyte medium had the fol lowing 
composit ion (raM): Na +, z42; K +, 3.7; CaS+, L5 ;  Mg 2+, i ;  Cl-, i26.5; HCO3-, 22; phosphate, z. I ;  
and glucose, 5. The cells were loaded with ~CI- during incubation in the medium at pH 7.4 ° 
and at the appropriate temperature. The rate of chloride exchange was followed by an erythrocyte 
filtration technique 3. The appearance of zrC1- in the extracellular phase was determined after in- 
jecting approx. 200 mg of packed, labelled erythrocytes into 4 ° ml of vigorously stirred electrolyte 
medium, kept at constant temperature and pH. The rate constant of chloride exchange was 
directly determined from the slope of [ r -  (a/ace)] vs. time, a being the extraeellular activity at 
the time of sampling, ace the extracellular activity at isotopic equilibrium. The rate of chloride 
exchange was accelerated by a factor of seven by the increase of temperature, the rate constants 
being 0.039 see -1 (o °) and 0.300 see -x (IO°). The results at IO ° were obtained in 14 experiments 
on cells from the donors: x, M.D.; and O, J.W. It was determined from the liberation of haemo- 
globin to the medium that less than 0. 5 % of the cells haemolyzed during experiments. 
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I 2) kcal/mole, corresponding to the Q10 of 7, was calculated by  l inear regression 
analysis. 
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Fig. 2. Arrhenius diagram of the natural logarithm of the rate constant of chloride exchange (k) 
vs. the reciprocal absolute temperature (I/T) in the interval between o and lO% Each point 
represents an experiment of the type shown in Fig. i. Red cells from 5 donors were used in this 
study. By linear regression analysis it was found that the rate of chloride exchange between o 
and IO ° follows the relation: In (k. ioZ) = --16. 7 ( I o 3 / T )  + 64. 9 (r = --o.992). 

The small amoun t  of informat ion existing about  the rate of chloride fluxes in 
h u m a n  red cells at low temperatures  concerns the exchange of chloride for bicar- 
bona te  ~. The discrepancy between the slow chloride exchange found by  us and  the  
one reported previously 2 could be explained if the exchange of C1- for HCO 3- takes 
place at  a greater rate t han  the self-exchange of chloride isotopes. This is not  the case, 
for we have determined the rate of chloride exchange between cells, equil ibrated at  o ° 
and  pH 7.40 in a medium containing 126 mequiv  chloride and 22 mequiv  b icarbonate  
per liter, and  a medium containing 6 mequiv  chloride and  142 mequiv  bicarbonate  
per liter (pH 7.40, o°). The rate constant  of chloride exchange was 0.025 sec -1 (S.D., 
o.ooo2), a value significantly lower t han  the rate constant  of chloride exchange be- 
tween erythrocytes and the  plasma-like med ium (0.039 sec-1). The impression tha t  
b icarbonate  retards chloride exchange was s t rengthened by  the observation tha t  the 
a~C1-exchange was 1.6 t imes faster at o ° in bicarbonate-free phosphate-buffered 
med ium 1, t han  in the presence of 22 mequiv  b icarbonate  per liter. 

TABLE I 

SODIUM FLUXES OF HUMAN RED CELLS BETWEEN O AND 380 

Influx and net flux of sodium in human red cells incubated at pH 7.4 ° at a relative cell volume 
of o.25-0.35 in a bicarbonate-buffered Ringer solution containing 142 mequiv sodium per liter 
(of. legend of Fig. I ) .  The cell suspension contained ouabain: 3 " 1 0  -4 mole/1. The sodium influx 
was determined from the net flux and the accumulation of Z~Na+ in the cellsL 

Temperature Duration of Sodium influx Sodium net flux 
(°) the expt. (h) (mequiv/hg cell solids per h) 

o 2o 0.72 0.59 
5 19 0.42 0.37 

io 23 o.56 o.41 
18 22 o.97 o.59 
28 25 2.26 1.35 
38 3 7.04 3,96 
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Thus, a high Q10 for the chloride exchange at low temperatures is not a unique 
feature of the chloride exchange occurring between red cells and salicylate containing 
media 4. Therefore it has been examined whether passive cation movements  also in 
a normal plasma-like medium have the paradoxical temperature dependence that  has 
been observed in media containing thiocyanate or salicylate~. Very small variations 
of sodium influx are found at temperatures between o and 18 ° (Table I). Sodium 
influx and net flux into ouabaSn-treated red cells has a minimum value of 0.42 
mequiv/kg cell solids per h at 5 °. Only above 18 ° does sodium influx increase with 
a Q10 of approx. 2-3, which has been found previously between 24 and 37 °, the only 
t empera tme  range studied so far e. 

T A B L E  I I  

SELECTIVE PERMEABILITY AT O, 5 AND IO ° 

A compar i son  of chlor ide  a nd  sod ium pe rmeab i l i t i e s  in h u m a n  red cells be tween  o and  io  °. The 
pe rmeab i l i t i e s  were ca lcu la t ed  from the  un id i r ec t iona l  ion m o v e m e n t s  : P j  = Mt/(c J.fw), where  P j  
is the  p e r m e a b i l i t y  coefficient (cm/sec), Mj  is the  f lux of the  ion cons idered  (mole/cm z. sec), cj is 
the  concen t ra t ion  of ion-species  j (mole/ml),  a nd  f~ is the  fac to r  cor rec t ing  for the  effect of the  
e lec t r ica l  field on the  sod ium inf lux a nd  on chlor ide  efflux 8. The m e m b r a n e  p o t e n t i a l  (Vm = 
~vi--~Vo) was  ca lcu la t ed  9 from the  equ i l ib r ium d i s t r i bu t i on  of r ad ioac t ive  chlor ide be tween  the  
w a t e r  phases  of cells a nd  m e d i u m  (rC1). The ca lcu la t ion  of f luxes in  mole /cm ~ per  sec was  carr ied 
ou t  a s s u m i n g  a cell  a rea  of 162/~2, a nd  a no rma l  n u m b e r  of 3" lO13 cells per  kg  cell solids. 

Temperature rCl Calculated Pc1 P~a Selectivity 
(°) Vm (mV) (cm/sec) (cm[sec) (Pcl/PNa) 

O 0.80 --5.3 1. 4 • 10 -6 2.6" IO -11 5"4' 104 
5 0.785 --5.8 3.8' IO -6 1. 5" IO - u  2.6" 105 

IO 0.769 --6.  4 I . I"  10 -5 2.O" IO -11 5"7" I ° s  

The available data are that the chloride permeability of red cells is lO s times 
larger than the alkali cation permeability. However, the present findings show that 
the selective permeability of human red cells to small cations and anions varies with 
temperature. Calculating the membrane potential from the equilibrium distribution 
of chloride, we have determined the permeability coefficients of chloride and sodium 
at o, 5 and IO ° (Table II). The calculations show that the selectivity of the red cell 
membrane decreases with temperature in a normal bicarbonate-buffered Ringer so- 
lution, the ratio Pcl/PNa being "only" 50000 at o °. The decrease of selectivity is due 
almost exclusively to the reduction of chloride permeability with decreasing tem- 
perature. 
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