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SUMMARY 

I. EfltUX of N a  ÷ in to  Na+-free solutions,  and  of K + into  K+-free solutions and  
of Na  + and  K + into  Na  +- and  K+-free solut ions from cort ical  slices of the  k idneys  
of ra t s  has been measured  at  25 ° under  condi t ions  in which bo th  aerobic and anaerobic  

me tabo l i sm were blocked.  
2. Most of the  cell N a  + was lost  much  more r ap id ly  t han  any  of the  cell K +, 

bu t  a small  amoun t  of Na  + was lost slowly. 
3- Two es t ima tes  of the  q u a n t i t y  of this  's low' N a  + suggested t ha t  i t  a m o u n t e d  

to no more than  12% of the  t o t a l  cell N a  + or 5 %  of the  to ta l  t issue Na+ (lO-18 

mequiv /kg  d ry  wt.). 
4- I t  is concluded t ha t  i t  is un l ike ly  t ha t  only  this  small  f ract ion of the  t issue 

Na  + could be inside the  cell proper ,  and  t ha t  the  difference in ra tes  of efflux of Na  + 
and K + was poss ibly  due to re ten t ion  b y  the cells of some degree of K+-preferring,  

Na+-excluding proper t ies .  

INTRODUCTION 

Effiux of most  of the  Na  ÷ was prev ious ly  1 found to be much  more rap id  t han  
efflux of K + from cells of anaerobic  cor t ical  slices of  the  k idneys  of ra t s  and  rabbi t s ,  
suggest ing t ha t  cells might  re ta in  a degree of K + se lec t iv i ty  in the  absence of meta -  
bolism1, ~. When  N a  + efflux was measured,  however,  the  slices st i l l  conta ined  small  
amounts  of N a  + at  the  end of the  exper iment .  These measurement s  have  now been 
repea ted  under  different  condi t ions which are more  favourable  to  de te rmin ing  the  
amoun t  and va r i ab i l i t y  of this  res idual  N a  +. The existence of an apprec iab le  q u a n t i t y  
of cell Na+ lost a t  the  same slow ra te  as cell K + would  inva l ida t e  the  t en t a t i ve  
conclusions t ha t  were d rawn from the  s t r ik ing difference in the  ra tes  of  efflux of the  

two cat ions af ter  me tabo l i sm had  s topped.  
I t  appears  from the  present  resul ts  t h a t  the  amoun t  of  this  ' s low'  Na  + is 

p robab ly  so smal l  t h a t  i t  should not  affect the  previous  argument .  

* Present address: Department  of Cell Biology, University of Auckland, Auckland, New 

Zealand. 
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METHODS 

Preparation of tissue 
Thin (O.l-O.15 mm) cortical slices from the kidneys of adult male hooded rats 

were cut by  hand as described previously 2 and incubated for 15 rain in 'ordinary'  
medium 3 at 25 °. O 3 bubbling through the solution stirred it efficiently without 
damaging the very thin slices. 

Media 
'Ordinary' medium. The medium used for preparation of the slices contained 

(mequiv/1)" Nat ,  145 ; K +, 5; Mg 2÷, 2; Ca 2÷, 5; CI-, 14o; SO~-, 2; and 8 mM PO~-. 
Anaerobic receiving solutions. All the anaerobic solutions were saturated with 

N 2 to block aerobic metabolism and contained I.O mM iodoacetate to block glycolysis; 
they were buffered at pH 7.4. 

The Nat-free medium contained (mequiv/1) : K ÷, IOO; CI-, 85; iodoacetate, I ;  
together with 8 mM PO~- and IO g/Ioo ml of polyethylene glycol 6000. 

The K÷-free medium contained (mequiv/1) : Na t ,  IOO; CI-, 85; iodoacetate, I ;  
together with 8 mM PO~- and 8 g/Ioo ml of polyethylene glycol 6000. 

The choline chloride medium (both Na t-  and K÷-free) contained (mequiv/1): 
choline ion, 286; Tris ion, 17.7; CI-, 300; iodoacetate, i. 

Procedure 
Slices from the kidneys of 3 rats, pooled for I experiment, were transferred 

rapidly without blotting from the oxygenated ordinary medium at 25 ° to the ap- 
propriate anaerobic solution, also at 25 °. To ensure that  02 was absent, N 2 was 
bubbled constantly through this solution, which was stirred magnetically. At intervals 
of time slices were removed and separated into 2 lots for analysis, giving, usually, 
a final dry wt. of about IO mg per sample. Towards the end of an experiment, how- 
ever, when slices contained low concentrations of one or both cations, up to 30 mg 
was required. 

Na t contamination. Towards the end of a Na÷-effiux experiment the amount 
of Na t remaining in a slice was so small that  even slight contamination of either 
slice or solution with Na t at any subsequent point in the procedure led to serious 
error. All glassware was therefore eliminated from the apparatus. The concentration 
of ions that  had already come out of slices was kept negligibly low by putting 
slices initially into a large volume (I 1) of well-stirred Nat-free solution, most of 
which was quickly decanted after about 30 min when the slices had lost most of 
their Nat ,  and replaced with I 1 of fresh Nat-free solution at the same temperature. 
Na + and K ÷ concentrations in the supernatant were measured at the end of each 
experiment. 

Water  contents of slices had to be measured before their ions could be extracted. 
During this process a slice depleted of Na t picked up significant quantities both 
from filter paper  used for blotting and from the glass tube in which it was heated. 
Of the two batches of slices that  were removed at any time, therefore, one was blotted, 
put into a weighed glass tube, and analysed for water and K+, and the other put 
directly into a small plastic pot, extracted with o.I M HNO~ and analysed for Na t 
and K +. When slices were losing their Na t into Na+-free medium, those slices put 
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wi thou t  b lo t t ing  into  p las t ic  pots  took  wi th  t hem K+-rich supe rna t a n t ;  t hey  y ie lded  
ne i ther  water -  nor rel iable  K+-contents .  Their  K + was es t imated ,  however,  so t h a t  
a correct ion could be made  of the  Na+ reading  on the  flame pho tome te r  (see under  
Determination of electrolytes). When  the  anaerobic  receiving solut ion con ta ined  choline 
chloride, K+-conten ts  could be ob ta ined  from bo th  b lo t t ed  and unb lo t t ed  slices: the  
good agreement  a lways  found was a useful  check on the  method.  

Analysis 
Determination of water. The wate r  contents  of  slices were ob ta ined  b y  weighing 

b lo t t ed  slices before and  af ter  hea t ing  at  lO5 ° for 2 h (see ref. 4). The wate r  was 
referred to a final d r y  wt. ob ta ined  b y  weighing slices t ha t  had  been rehea ted  for 
2 h a t  lO5 ° af ter  ex t rac t ion  of thei r  ions and  choline chloride or po lye thy lene  glycol  
6o00 wi th  o.I  M H N Q .  

Determination of electrolytes. A ba tch  of e i ther  wet or d r ied  slices was ex t r ac t ed  
for 2 h in 3-5 ml o . i  M H N O  z. Na+ and K + were de te rmined  in these ex t rac t s  using 
an E E L  flame pho tome te r  wi th  ex te rna l  s t a n d a r d  made  up in o . I  M HNO z. In  some 
ex t rac t s  where the  concent ra t ion  of  K + was much  higher  than  tha t  of  Na+, K + 
in te r fe red  wi th  Na  + analysis .  Correction curves were const ructed from series of 
measurement s  of  a p p a r e n t  N a  + c o n c n .  in solut ions of known Na  + conch, to  which 
had  been added  known concent ra t ions  of  K +. The ranges of  concentra t ions  encoun- 
t e red  in the  ex t rac t s  (and therefore  employed  in the  correct ion curves) were:  Na+, 
O.Ol-O.O5 mequiv/1; K +, o .1-2.o mequiv/1. F r o m  these curves readings  of the  flame 
pho tome te r  for N a  +concn .  were correc ted  for K + interference.  I f  the  correct ion was 
more  than  5 %  (as i t  was when the Na  + c o n c n .  was less than  o .o i  mequiv/1) the  
reading  was discarded,  and  a value  was ob ta ined  a t  a more favourable  pa r t  of the  
correct ion curve b y  pooling enough slices to  give a Na+ conch, in the  ex t rac t  greater  
t han  o.2 mequiv/1. 

These correct ions were necessary only when Na+-free med ium was the  receiving 
solution. In ter ference  of N a  + in K + analysis  or choline in e i ther  Na  + or K + analysis  
was a lways  negligible. 

RESULTS 

In  Fig.  I are compared  the  ra tes  of loss of Na  + and  K + f rom anaerobic  cor t ical  
slices under  the  following condit ions.  N a  + loss was measured  into  the  receiving 
Na+-free medium,  which conta ined  I.O mM iodoace ta te  to  block glycolysis,  and  
po lye thy lene  glycol  6o0o to keep the wate r  conten t  of the  slices a p p r o x i m a t e l y  
cons tan t ,  as previous  work 2 h a d  shown t h a t  ra tes  of loss of ions v a r y  with water  
content .  K + loss was measured  into  the  corresponding K+-free medium.  Bo th  
cations,  in Fig. i ,  are  referred to final d r y  wt.  because the  slices for which 
Na+-contents  were de t e rmined  d id  not  give wate r  contents .  Express ing  concen- 
t ra t ions  in t e rms  of t issue wate r  makes  no difference to the  shapes of  the  curves,  
since the  wate r  contents  were a p p r o x i m a t e l y  cons tan t  except  in the  choline chlor ide 
med ium (see Fig.  2). 

As prev ious ly  found 2, slices lost  thei r  K + re la t ive ly  s lowly (34% in 5 rain;  
6I  % in 20 min) wi th  only  a s l ight  cu rva tu re  in the  log K+- t  plots ,  suggest ing t ha t  
the  loss of  K + was approx,  first order. Most of the  N a  +, on the  other  hand,  was lost  
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Fig. 1. Rates  of loss of Na  + into an anaerobic Na+-free solution and of K + into an anaerobic K +- 
free solution at  25 °. Water  contents  of slices were approximate ly  constant .  O, K + into K+-free 
medium;  ID, Na+ into Na+-free medium;  0 ,  Na+-loaded slices into Na+-free medium. Each  point  
represents  the mean and s tandard  deviation of  6 8 determinat ions (top and bo t tom curves) or 
of 4 determinat ions  (middle curve). 

Fig. 2. Variat ion with t ime of the water  contents  of slices pu t  into 3 anaerobic solutions at  25 °. 
tD, choline chloride; O, Na+-free medium;  0 ,  K+-free medium. Each point  represents the mean  
and s t anda rd  deviation of  6-8 determinations.  

in the first few min (93% in 5 min; 98% in 20 min). After this initial rapid effiux 
of Na +, slices lost their remaining small quantity of Na + rather more slowly, ap- 
parently, than their larger remaining content of K+. 

This slow loss of Na+ was not detected in previous experiments 2 because (I) 
Na + contamination occurring during blotting of slices must have been at an approxi- 
mately constant level which was sufficiently great to mask the slight decrease after 
20 min (at a rate of about 1.5 mequiv/kg final dry wt. per h), and (2) Na ÷ was suf- 
ficiently concentrated in the receiving solution (o.5-1 mequiv/1) to make influx of 
the same order as efflux toward the end of an experiment. This would further reduce 
the apparent gradient of Na + loss. 

Slices loaded with Na + 
In order to determine whether the small amount of slow Na + observed in 

Fig. I could be increased, slices were stirred for 90 min in K+-free medium. During 
this time there was a large increase in Na + (from 290 to 540 mequiv/kg final dry wt.) 
and a large decrease in K + (from 270 to 28 mequiv/kg final dry wt.). The middle 
curve in Fig. I shows the rate at which slices lost this amount of Na + into Na+-free 
medium, the receiving solution used also for the bottom curve of Fig. I. Significantly 
more Na+ was lost at the slow rate. 

Receiving solutions containing choline chloride 
When Na+-free medium was the receiving solution the concentration of Na+ 

in the supernatant at the end of an experiment ranged up to o.3 mequiv/1. This 
concentration could not readily be reduced, as it was due to a small and variable 
contamination of the polyethylene glycol 600o with Na+. After 3 h the concen- 
tration of Na+ in Na+-depleted slices in Fig. I was only 0.7 mequiv/kg tissue water. 
With an external concentration of o.3 mequiv/1 net flux outward must have been 
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considerably less than absolute efflux; this could account for the flattening of the 
log Na+-t curve toward the end of the experiment where there was no longer a 
significant decrease in Na+-content (bottom curve, Fig. i). No such flattening occurs 
in the curve for K +, which cation was never more concentrated in the supernatant 

than 0.005 mequiv/1. 
Polyethylene glycol 6000 was therefore omitted from the receiving solutions, 

and slices permitted to swell during loss of their ions. In order that rates of loss of 
the two cations from slices of varying water content should be strictly comparable, 
the losses of Na ÷ and K + into Na ÷- and K÷-ffee choline chloride solutions were 
measured concurrently. Concentrations of Na ÷ and K ÷ in the supernatant were both 
less than o.oi mequiv/1 at the end of these experiments. When choline chloride was 
used as tt~e receiving solution, conditions were in every way identical for the two 
cations; differences in their rates of loss could not, therefore, be attributed to differing 

experimental conditions. 
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Fig. 3. Rates of loss of Na + and K + measured concurrent ly  into Na +- and K+-free anaerobic 
choline chloride solutions a t  25 °. ©, K+; S ,  Na+. Each point  represents  the mean  and s tandard  

deviat ion of 6-8 measurements .  

Fig. 3 shows these results. This time cations are expressed in mequiv/kg tissue 
water in spite of the fact that this was a quantity derived from measurements on 
2 separate batches of slices. This method of plotting was adopted because concen- 
trations in water are more meaningful in a rate process, and because it reduces the 
curvature caused by changing water content (see Fig. 2) in plots of log cations/kg 

final dry wt. against time. 
As in Fig. I K + was lost approximately exponentially and relatively slowly 

(the concentration decreasing 29% in 5 min, 68% in 20 min) ; most of the Na + was 
lost rapidly in the first few rain (the concentration decreasing 93 % in 5 rain, 98 % 
in 20 min). Here the slow loss of Na + following the first 20 rain can be seen to continue 
almost parallel to the slow loss of the residual K+; flattening of the curve seems to 
have disappeared with the appreciable concentration of Na + in the external solution. 

DISCUSSION 

These results confirm the previous observations 1 that these cells lose most of 
their Na + much more rapidly than their K +. They also show, however, that  there is 

a small amount of Na + that is lost slowly. 
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Kinetics of ion exchange 
In  these exper iments  the  sys tem was not  in a s t e ady  s ta te ,  bu t  Na  + was 

exchanging for K+ or for choline, and  K + was exchanging for Na  ÷ or choline. There 
is, therefore,  no manageab le  ra te  equat ion  which can be  used to  de te rmine  the  amoun t  
of slow N a  + t h a t  was in i t ia l ly  present .  The following 2 app rox ima te  methods ,  how- 
ever, should  give its order. 

(I) Assume tha t  the  cell conta ins  different c ompa r tme n t s  of bo th  N a  + and K + 
and  tha t  for each k ind  of ca t ion an equat ion  can be wr i t t en  of  the  k ind  --dci/dt 
kcic o' where ci is the  concent ra t ion  of  the  cat ion in the  t issue water ,  and  c 0' the 
concent ra t ion  of the  exchanging ion in the  receiving solution. Since c 0' --~ constant ,  
this  equa t ion  can be wr i t t en  --dci/dt-~ k'ci where k '  is a new constant .  In  this  
equa t ion  i t  is assumed tha t  the  o ther  te rms in the  ra te  equat ion  are negligible com- 
pa red  wi th  the  concent ra t ion  term.  The curves of Figs. i and  3 can then  be ana lysed  
into  sums of  exponent ia ls ,  g iv ing the amoun t  of  each k ind  of ion and its specific 
ra te  cons tan t .  Table  I shows the resul t  of  this  k ind  of analysis  for Fig. 3 where the  
ions were lost  under  ident ica l  condi t ions so tha t  thei r  ra tes  of loss should be s t r ic t ly  
comparab le ,  and  where influx was negligible th roughout  the  exper iment .  

T A B L E  I 

SUM OF EXPONENTIALS SOLUTIONS FOR CURVES OF FIG. 3, GIVING APPROXIMATE AMOUNTS OF 
CATION IN EACH COMPARTMENT, AND THE APPROXIMATE TIME OF HALF LOSS FROM THAT COM- 
PARTMENT 

Q, 2.303 log2 /k  w h e r e  k is t h e  spec i f i c  r a t e  c o n s t a n t .  

Percentage K +-content t O Percentage Na+-content t½ 
inlracellular (mequiv/kg (min) intracellular (mequiv/kg (min) 
K+ final dry wt.) Na + final dry wt.) 

25 69 49 3 4 72 
75 207 12 4 6 21 

93 135 1.7 

In t r ace l lu l a r  Na  + in th is  tab le  is equal  to the  to ta l  t issue Na  + less the  Na  + 
con ta ined  in the  usual  inulin spaceS, ~ (26% of the  weight  of  the  wet  tissue) which 
KLEINZELLER, JANACEK AND KNOTKOVA 7 repor ted  to be the  same as the  Na  + space. 
I t  has been assumed tha t  the  ex t race l lu la r  N a  + ca lcula ted  in this  way  was all lost 
in the  first ra in;  th is  a s sumpt ion  could lead  only to  an unde res t ima te  of the  ra te  of 
Na  + loss. The s t r ik ing  poin t  which emerges from this  analysis  is t ha t  only  7 %  or 
IO mequ iv /kg  final d r y  wt.  of  the  cell 's ini t ia l  Na  + was lost a t  ra tes  comparab le  wi th  
the  ra tes  of  loss of  any  of  the  celt 's K +. The  t ime  of half  loss of the  rest  of the  cell 's 
Na+ (93 % or 135 mequ iv /kg  final d r y  wt.) was at  least  an order  of magn i tude  smaller.  

(2) An  a l t e rna t ive  solut ion which p r o b a b l y  gives a ma x ima l  es t imate  of  the  
in i t ia l  slow N a  +, assumes t h a t  all the  cell K ÷ was lost a t  one ra te  (i.e. from one 
compar tmen t ) ,  bu t  not  s t r i c t ly  exponent ia l ly .  Since the  shapes of the  curves for N a  ÷ 
and K + are  s imi lar  af ter  abou t  20 min,  i t  is assumed tha t  the  t ime course for the  
loss o * slow N a  + was s imilar  to  t h a t  of K+ before this  t ime also; i.e. the  t ime course 
of  the  K+ loss is t a k e n  as a p a t t e r n  for the  t ime  course of the  slow Na+ loss. The 
p rob lem then  is to ex t r apo la t e  the  curve for slow Na  + from t ~ 20 min to  t = o min.  
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F ig .  4. C u r v e s  d e r i v e d  b y  s u b t r a c t i n g  t h e  N a  + c u r v e s  f r o m  t h e  K + c u r v e s  in  F igs .  I a n d  3- T h e  
s t r a i g h t  l ines  w e r e  c a l c u l a t e d  b y  t h e  m e t h o d  o f  l e a s t  s q u a r e s .  O ,  t o p  a n d  b o t t o m  c u r v e s ,  F ig .  I ; 
ID, t o p  a n d  m i d d l e  c u r v e s ,  F ig .  i ;  0 ,  F ig .  3. 

This extrapolation is made simpler in Fig. 4 by plotting log K + - l o g  Na+ against 
time. Straight lines have been fitted by  the method of least squares to the points from 
20 rain onwards: these are assumed to represent values of log K+-- log Na + (slow). 
Extrapolation of these straight lines to t ~ o gives estimates of the amount of slow 
Na + initially present according to this model. 

Table I I  gives the results of these extrapolations. The amounts of slow Na ÷ 
obtained by this method are rather higher than those in Table I, but still remarkably 
low. I t  is interesting that  the value obtained when choline chloride was the receiving 
solution agrees quite well with the value obtained under completely different con- 
ditions with K+- and Na+-free medium as the receiving solutions. The value for 
slices loaded with Na + shows that  the amount of slow Na + can be increased, but that  
it remains at about the same low percentage of the total intracellular Na +, suggesting 
that  it might be held behind a permeability barrier. 

T A B L E  I I  

AMOUNTS OF SLOW N a  + DERIVED BY EXTRAPOLATION OF THE STRAIGHT LINES IN FIG. 4 TO t O 

t l  o f  t h e  r e m a i n d e r  o f  t h e  ce l l  N a  + ( t o t a l  i n t r a c e ! l u l a r  N a  + less  s l o w  N a  +) is a r o u g h  e s t i m a t e ,  b u t  
l ies  w i t h i n  t h e  r a n g e  i n d i c a t e d .  

Receiving solutions Slow N a  +- Percentage Est imated t l 
content total of  remainder 
(mequiv/kg intraeellular (rain) 

f inal  dry wt.) N a  + 

N a -  a n d  K + - f r e e  m e d i u m  i 8  12. 1 . 5 - 2 . 2  
C h o l i n e  c h l o r i d e  15 i o  0 . 8 - 2 . 0  
N a + - l o a d e d  s l ices  ill N a  +- 

a n d  K + f r e e  m e d i u m  66  15 0 . 7 - 2 . 2  

The significance of the different rates q[ loss 
That  2 such similar cations could diffuse from poisoned cells at such different 

rates suggests that  either they were initially in different compartments  with widely 
differing barriers to diffusion, or that  their activities were not nearly equal to their 
concentrations. 
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Compartmentation. If  the separation of cations were into different compartments 
within one cell, the K+-containing compartments, which presumably would be 
bounded by the membranes which actively transport Na +, would contain only 
7--i2% of the cell Na+; the rest of the cell Na+ (127-135 mequiv/kg final dry wt.) 
should be outside these membranes, but within the region of tissue not available 
to inulin. Wherever this Na + might be, it should, presumably, be at a concentration 
not very different from that in the extracellular solution; i.e. it should be associated 
with about o. 9 kg of water per kg final dry wt., leaving only 0.9, instead of the usual 
estimate of 1.8 kg/kg final dry wt. for the rest of the cell containing all the K ÷. 
Using cortical slices from the kidneys of guinea pigs, WHITTEMBURY s showed that 
the measured membrane potential was equal to the K+ equilibrium potential unless 
the external K+ conch, was too low. If  cellular K + were twice as concentrated as he 
calculated, however, the expected equilibrium potential would be 59 log 2 or 18 mV 
more negative. This same difficulty is encountered if the compartments are considered 
to be in different kinds of cells. 

Activity differences. An alternative explanation of the different rates of loss of 
most of the Na + and K + is that both ions were initially in the same regions of the 
cell, but that the activity of K + was lower than its concentration, or the activity of 
Na + was higher than its concentration, or both activities were anomalous. Such 
differences could arise from residual K+-preferring, Na+-excluding properties of the 
cell as a wholel, 2,12. 

Slow Na  + 
There is evidence of a small amount of slowly exchanging Na+ in cortical cells. 

KLEINZELLER AND KNOTKOVA 9 found that IO% of the total tissue Na + had not ex- 
changed after incubation of rabbit-kidney slices aerobically for 45 min at 25 ° and 
37 °. BURG, GROLLMAN AND ORLOFF 10 found in aerobically incubated separated renal 
tubules of the rabbit that, whereas K + exchange seemed to be complete in about I h, 
only 97% of the Na + had exchanged after 9 ° min. More measurements after about 
30 rain could have revealed a slowly exchanging compartment containing only about 
i o ~  of the total cell Na + (in the same way that many measurements from 30 to 
240 min have been necessary to reveal the existence of slow Na + in these experiments). 
Similarly the results of WHITTAM AND DAVIES 11 are consistent with the existence of 
a very small slowly exchanging compartment of Na+. At 37 ° all the K + exchanged 
both aerobically and anaerobically but only 98~o (aerobically) and 96% (anaerobi- 
cally) of the tissue Na+ in cortical slices of the kidneys of guinea pigs. 

If  it is assumed that this very small amount of slowly exchanging Na + can 
be identified with the similar amount of slow Na + in the present experiments it 
becomes even less probable that only tile slow Na+ was inside the cell proper; i.e. 
inside the Na+-transporting membranes. BURG, GROLLMAN AND ORLOFF 10, who neg- 
lected this slow Na +, found that the bulk of the cell Na+ was divided between 2 
compartments of about equal size (86. 4 and 74.6 mequiv/kg final dry wt.) and they 
calculated that the observed rate of reabsorption in the kidney would require the 
flux from the faster of these 2 compartments. The flux from the third, smallest and 
most slowly exchanging compartment would clearly be much too slow. 

The amount of slow Na +, then, seems too small to be considered the total 
intracellular Na+, and therefore too small to invalidate the previous suggestion 1 that 
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the  s t r i k ing  d i f fe rence  in t h e  r a t e s  a t  w h i c h  anae rob i c  cor t i ca l  cells los t  N a  + a n d  K~ 

m i g h t  be  due  to  r e t e n t i o n  b y  t h e  p o i s o n e d  cells o f  a d i m i n i s h i n g  K + se l ec t iv i ty .  
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