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The Na/K pump, resting potential and selective permeability in canine Purkinje fibres 
at physiologic and room temperatures 
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Abstract. All mammalian cells maintain a resting potential generated by ions moving down concentration 
gradients. In excitable cells, the inside potential is negative relative to outside. In order to maintain this 
electrochemical gradient, the sodium potassium (Na/K) pump actively transports out three sodium ions for every 
two potassium ions it brings in. This process generates a net outward current and thus hyperpolarizes the resting 
potential. I employed dihydroouabain (DHO) to inhibit the Na/K pump and thus measure its contribution to the 
resting potential. It contributed 9.0 mV at 34 ~ and 3.8 mV at 25 ~ The PK/PN, ratios were calculated at both 
temperatures before and after subtracting the Na/K pump contribution. These ratios also suggested a decreased 
contribution of  the Na/K pump under hypothermia. Taken together, these results suggest that the pump 
contribution to the resting potential is more significant at physiologic temperatures (34 ~ than at room 
temperature (25 ~'C), and that estimates of  selective permeability can only be accurately obtained after assessing 
and eliminating the Na/K pump contribution to the resting potential. 
Key words. Na/K pump; resting potential; selective permeability; Purkinje fibres; dihydroouabain. 

All cells have a resting potential between the cell inte- 
rior and the extracellular space. This potential (inside 
negative) is generated by the electrodiffusion of  ions 
through selectively permeable ion channels. In the Purk- 
inje fibres of  the ventricular conducting system this 
value is usually between about - 6 0  mV to - 1 0 0  mV 
depending on the bathing [K+]. The ion gradients re- 
sponsible for generating the resting potential are sus- 
tained by active transport processes like the Na/K 
pump. This pump maintains both Na + and K + gradi- 
ents by extruding three sodium ions and transporting 
two potassium ions inward in each cycle. Given the net 
extrusion of  charge, a current is generated by the pump 
which hyperpolarizes the Purkinje cell membrane. The 
activity of  the Na/K pump in Purkinje fibres is con- 
firmed by the phenomenon of overdrive suppression. 
Rapid activation of  Purkinje action potentials loads 
internal [Na+], increases Na/K pump activity, hyperpo- 
larizes the cell membrane potential and reduces pace- 
maker activity ~ . 
It is the aim of  the present study to define the contribu- 
tion of  the Na/K pump to the resting potential of  the 
Purkinje fibre in close to physiologic conditions. The 
effect of  a drop in temperature (which should decrease 
active transport processes) on this contribution is also 
assessed. Finally, I determine what effect this pump 
current has on estimates of the membrane selectivity 
(PK/PNa ratio). 

* Current address (after September 96): Brown University, P.O. 
Box 1304, Providence (Rhode Island, USA), Fax +516 444 3432. 

Materials and methods 

Adult mongrel dogs were euthanized with pentobarbital 
(360 mg/ml) and were given doses as per their body 
weight (1 ml/10 pounds). Free-running Purkinje fibre 
bundles ranging from 400- 800 microns in diameter and 
4 5 mm in length were dissected from the heart. Recov- 
ery of the fibres was as previously described 2. Mi- 
croelectrodes were filled with 3 M KC1 and had 
resistances of 15 Mf~ to 30 MfL Standard single micro- 
electrode recording with a high impedance amplifier was 
employed. The experiments were conducted either at 
34 ~ or at room temperature (25 ~ The solutions I 
employed contained in raM: KCI 8.0, NaCI 132.0, 
HEPES 2.5, HEPES, Na 2.5, MgC12 1.0, CaC12 2.0, 
dextrose 8.0. The pH was titrated to 7.0. 
Dihydroouabain (DHO, 10 -4 M) was used to totally 
block the Na/K pump. DHO has been demonstrated to 
be a specific blocker of  the Na /K pump 3, and has a Kd 
of  3.7 laM in canine Purkinje myocytes 2. This means 
that more than 96% of pump current is blocked. 
The Na/K pump contribution to the resting potential 
was defined as (V ... . . .  ~ - V D . o ) .  To get an accurate 
VDHo, the lowest voltage readings taken every 30 s over 
a period of  5 min were recorded. The mean of  this data 
was considered VD, o. An experiment was included for 
further analysis if DHO was applied and washed out 
with at least 33% recovery towards the original resting 
potential. All data is presented as mean _+ SEM. Com- 
parisons for statistical significance were obtained using 
Student's t-test. Differences were considered to be sig- 
nificant when p < 0.05 
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Figure 1. Results of  a sample protocol at 34 ~ After obtaining 
a stable resting potential of  -69 .0  mV, DHO at 10 -4 M was added 
to the bathing Tyrode. The membrane potential depolarized by 7.2 
mV to a value of  -61 .8  mV in DHO containing Tyrode. This fibre 
showed complete recovery after the DHO was removed. 

Time (rain) 

Figure 2. Results of a sample protocol at 25 ~ After obtaining 
a stable resting potential of  -51 .0  mV, DHO at 10 -4 M was added 
to the bathing Tyrode. The membrane potential depolarized by 6.0 
mV to a value of  -45 .0  mV in DHO containing Tyrode. Partial 
recovery was obtained when the D H O  was removed. 

Results 

Physiologic temperature. DHO (10 4 M) was applied to 
a Purkinje fibre, and the changes in the resting potential 
were observed. Results of a sample protocol are illus- 
trated in figure 1, and the data from all experiments are 
in table 1 (experiments 1 through 6). After obtaining a 
stable resting potential ( V c o n t r o l )  of --69.0 mV, DHO 
was added to the bathing Tyrode. The membrane po- 
tential depolarized by 7.2 mV (Vp) in the solution 
containing DHO. The DHO was then washed out, and 
a complete recovery was obtained. 
In six experiments the average value for the voltage 
change induced by DHO (and thus the pump contribu- 
tion to the resting potential) was 9.0 + 1.6 mV (mean + 
SEM). 
The data were further analyzed using the Goldman 
equation to estimate the PK/PNa ratio of the fibre with 
and without the pump contribution. The Goldman 
equation employed was: Em = - 6 1  log {(x[K]i + [Na ] i ) /  

(x[K]o + [Na]o)  4 (x  = PK/PNa)- If  the contribution of 
the Na/K pump to the resting potential is large, it 
suggests that estimating the P~:/PNa ratio without re- 
moving this contribution can lead to significant errors. 
It was found that the change in this ratio without the 
pump was large, decreasing from 33.1 to 13.9 
(p < 0.05), see table 1. Therefore, the pump contribu- 
tion does have a significant effect on calculations of 
selective permeability at physiologic temperature. 
Hypothermia. A sample experiment of the same type at 
room temperature is provided in figure 2. The resting 
potential is -51 .0  mV prior to DHO application and 

becomes 6.0 mV more positive on application of DHO 
(10 -4 M) .  A partial recovery on washout was obtained. 
Results of the five hypothermia experiments can be seen 
in table 1 (hypo-experiments 1 through 5). Under hy- 
pothermia, the Na/K pump contributes less to the rest- 
ing potential than it does at physiologic temperature. 
This can be seen in table 1. 
The mean value the pump contributed (Vp) was 
3.8 __+ 0.7 mV (mean ___ SEM). Again, the data were fur- 
ther analyzed with the Goldman equation to calculate 
the P~/PNa ratio. The ratios in these conditions change 
much less; with the pump, the value is 22.6 + 4.8 mV 
(mean + SEM), and in the absence of the pump contri- 
bution, a ratio of 16.6 + 3.5 mV (mean __+ SEM) was 
calculated. This 1.36-fold difference was not significant. 
Not  surprisingly, the decreased pump contribution to 
the resting potential results in a much smaller correction 
when the Na/K pump contribution to the selective 
permeability ratio is eliminated. 

Discussion 

All excitable cells contain a resting permeability to Na + 
and K § As such, the concentration gradients across the 
membrane will dissipate if an active transport process 
does not exist. In Purkinje fibres this active transport 
generates a current% From their measurements of the 
current, Cohen et al. 2 expected about a 4.2 mV Vp in 
isolated canine Purkinje myocytes in 8 mM [K+]o. My 
estimate of about 9.0 mV confirms the expectation of a 
measurable Vv, but exceeds the expected magnitude. 
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Table 1. This data table summarizes the results from the normothermia and hypothermia experiments. Note the mean pump 
contribution for normothermia (9.0 mV) as compared to the mean pump contribution for hypothermia (3.8 mV). 

Control Vcontro I VDH O Vp = Vcontro I Percent recovery P K / P N ~  P K / P N a  
experiment -- VDnO ratio ratio 

fibre # (pump present) (pump absent) 

1:10/7/93 -52.0 mV -46.8 mV 5.2 mV 56 12.1 8.8 

2:11/24/93 -62.6 mV -50.4 mV 12.2 mV 100 28.8 10.9 

3:12/14/93 60.0 mV -55.6 mV 4.4 mV 36 22.1 15.6 

4:12/22/93 67.8 mV -53.6 mV 14.2 mV 34 53.3 13.5 

5:12/22/93 -56.6 mV -46.0 mV 10.6 mV 69 16.7 8.4 

6:12/22/93 -69.0 mV -61.8 mV 7.2 mV 100 65.3 25.9 

n = 6  Vcontro l=  61.3 mV VDHO=--52.4 mV Vp=9.0 % recovery=65.8 x=33.1_+8.8 x=13.9 
_+2.7 +2.4 mV_+ 1.6 +12.0 +2.7 

Hypo-experiment 

fibre # 

1:6/29/94 -54.7 mV -51.6 mV 3.1 mV 100 16.7 13.3 

2:7/6/94 -51.0 mV -45.0 mV 6.0 mV 74 12.7 8.7 

3:7/7/94 -54.9 mV -52.3 mV 2.6 mV 35 17.0 14.0 

4:7/19/94 -63.4 mV -61.0 mV 2.4 mV 88 39.0 29.5 

5:7/19/94 -60.4 mV -55.4 mV 5.0 mV 62 27.7 17.6 

n = 5  Vcont,.ol=-56.9 mV VDHO=--53.0 mV Vp=3.8 mV % recovery=71.8 x=22.6 x=16.6 
_+2.2 _+2.6 _+0.7 +11.2 +_4.8 +3.5 

The combined results of the 11 experiments are provided in the table. Fibre # signifies the experiment number. Vcontro I is the resting 
potential for each cell. Vnn o is the resting potential after DHO was applied. Vp is the difference between Vcontro I and VDHO, therefore 
giving us the contribution of the Na/K pump. The percent recovery shows how much each cell recovered in the direction of Vco,tro t- 
All values in the table are given as mean _+ SEM. At the far right-hand side of the table, the PK/PNa ratios can be seen. In the first 
column (pump present), the values are calculated from measurements prior to pump blockade and assume that the pump contribution 
to the resting potential is negligible. The second column is calculated from measurements taken after blockade of the Na/K pump by 
DHO. Note that blocking the pump changes the PK/PN~ ratio from 33.1 to 13.9 at normothermia, but only from 22.6 to 16.6 at 
hypothermia. In performing these calculations, I used an activity coefficient for K ' of 0.75, and an activity coefficient for Na + of 0.74 
for the extracellular solutions. The soldium activities employed in the calculations were a, Na = 6.8 mM and aoNa = 100.9 mM. The 
potassium activities employed in the calculations were a~K = 100.6 mM and aoK = 5.9 mM~. The Goldman equation employed was: 
E m = -61 log {(x[K] i  = [Na]0/(x[K]o = Na]o)} 4 x = ( P K / P N a ) .  The assumption in employing this equation is that PNa and PK are the 
dominant permeabilities at the resting potential. 

There  are several potent ia l  explanat ions  o f  this some- 

what  larger observat ion.  First,  the Purkinje  myocytes  

may  lose some pumping  sites in the dissociat ion proce-  

dure due to the col lagenase t reatment .  Second, the 

Purkinje  fibres (unlike the isolated myocytes)  conta in  

nar row intercellular spaces between the electrically con- 

nected cells. When  the N a / K  pump is blocked K + 

leaks out  o f  the cells and is no t  pumped  back in. This  

increased intercellular [K +] will contr ibute  to the ob- 

served depolar iza t ion  by changing the Nerns t  equi-  

l ibr ium potent ia l  for K +. This effect is no t  expected to 

be too  large, since the canine Purkinje fibre conta ins  

wide intercellular  spaces 5. Third ,  at t imes mult iple im- 

palements  had  to be pe r fo rmed  before a stable resting 

potent ia l  was attained.  This could  have damaged  the 

fibres, causing an increased background  N a  + leak. 

The  only previous  est imate o f  the p u m p  cont r ibut ion  in 

canine cardiac  Purkinje  fibres was obta ined  by Gadsby  

and Cranefield in 19796 in non-physio logic  external  

solut ions ( low C1- solutions) at more  depolar ized mem-  

brane potentials .  Both these differences should have 

increased m e m b r a n e  resistance and so might  be ex- 

pected to have measured  a larger p u m p  cont r ibut ion ,  

but  this exper iment  also measured  9.0 mV. Thus,  taken 

as a whole,  I view the value of  9.0 mV as an upper  limit 

to the pump ' s  con t r ibu t ion  to the resting potential .  This  

con t r ibu t ion  should increase excitabil i ty 7 as well as 

main ta in  ion gradients.  

At  a lower  tempera ture ,  the resting potent ia l  s tar ted out  

at a somewhat  more  posit ive value part ly because the 

p u m p  is inhibi ted under  hypothermia .  W h e n  I b locked 

the a l ready s tunned p u m p  with solut ions conta in ing  

l0 4 m M  [DHO],  the E m depolar ized to a value near  

the potent ials  measured  with D H O  under  normal  

temperatures .  This  shows that  in mos t  cases the 

resting potent ia l  wi thou t  the N a / K  p u m p  is largely un- 

affected by the change in tempera ture .  Fur ther ,  the 

PK/P~a rat io in the absence o f  the N a / K  p u m p  contr i -  



660 Experientia 52 (1996), Birkh~iuser Verlag, CH-4010 Basel/Switzerland Research Articles 

bu t ion  is near ly identical at the two temperatures  
(p  > 0.05). However,  if estimates of  selective permeabil-  
ity of the Purkinje  fibres are made between the two 
temperatures  wi thout  first e l iminat ing the N a / K  p u m p  
cont r ibu t ion ,  a more  noticeable difference is obta ined  
(p  < 0.10). This  calculat ion demonstra tes  the inaccuracy 
of  selective permeabi l i ty  measurements  when the N a / K  
p u m p  con t r ibu t ion  is no t  first eliminated. 
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