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other neural and humoral  factors such as the direct action 
of  'permeabil i ty nerves',  the possibility of  'stretched pores'  
under extremely high pressure transients, and the influence 
of  a variety of  agents which may damage the air-blood 
barrier 6-1~ 
In conclusion, the results of  the present study are consistent 
with other recent evidence 11'22'~4 and further suggest that 
the increase in the flow of  protein-rich lymph produced by 
intracranial hypertension is more likely explained by a 
recruitment of  pulmonary  microvascular surface area than 
by an increase in pulmonary  microvascular permeability. 

1 Acknowledgments. Supported in part by grants 79-N17, 80- 
N105 and 82-N136 from the California Affiliate of the Ameri- 
can Heart Association, by a grant from the Strobel Medical 
Research fund of the American Lung Association of San 
Francisco and by USPHS GMO7416-2 traineeship (TAJ). The 
authors thank L. Blount, E. Blount and J. Wong for their 
assistance. 

2 Cushing, H., Bull. Johns Hopkins Hosp. 12 (1901) 290. 
3 Sarnoff, S.J., Am. J. Physiol. 117(1952) 38. 
4 Visscher, M.B., Haddy, F.J., and Stevens, G., Pharm. Rev. 8 

(1956) 389. 
5 Shapiro, H.M., Anesthesiology 43 (1975) 445. 
6 Theodore, J., and Robin, E.D., Am. Rev. Respir. Dis. 113 

(1976) 405. 
7 Cameron, G.R., and Dey, S.N., J. Path. Bact. 61 (1949) 375. 
8 Theodore, J., and Robin, E.D., Lancet 2 (1975) 749. 

9 Bowers, R.E., McKeen, C.R., Park, B.E., and Brigham, K.L., 
Am. Rev. Respir. Dis. 119 (1979) 637. 

10 Van der Zee, H., Malik, A.B., Lee, B.C., and Hakim, T.S., J. 
appl. Physiol. 48 (1980) 273. 

11 Jones, T.A., Townsley, M.I., and Weidner, W.J., J. appl. 
Physiol. 52 (1982) 1324. 

12 Vreim, C.E., and Ohkuda, K., J. appl. Physiol. 43 (1977) 899. 
13 Weir, K.E., Chidsey, C.A., Weil, J.V., and Grover, R.F., J. 

Lab. clin. Med. 88 (1976) 885. 
14 Warren, M.F., and Drinker, C.K~, Am. J. Physiol. 136 (1942) 

207. 
15 Vreim, C.E., and Staub, N. C., Am. J. Physiol. 230 (1976) 376. 
16 Pine, M.B., Beach, P.M., Cotrell, T.S., Scola, M., and Turino, 

G.M., J. clin. Invest. 58 (1976) 482. 
17 Gee, M.H., and Donovan, K.A., Lymphology 12 (1979) 125. 
18 Gee, M.H., and Spath, J.A., Circulation Res. 46 (1980) 796. 
19 Brigham, K.L., and Owen, P.J., Circulation Res. 37 (1975) 

647. 
20 Nakahara, K., Ohkuda, K., and Staub, N. C., Am. Rev. Respir. 

Dis. 120 (1979) 875. 
21 Brigham, K.L., Woolverton, W.C., Blake, L., and Staub, 

N.C., J. clin. Invest. 54 (1974) 792. 
22 Luce, J.M., Huseby, J.S., and Robertson, H.T., J. appl. 

Physiol. 50 (1981) 967. 
23 Staub, N.C., Progr. cardiovasc. Dis. 23 (1980) 53. 
24 Van der Zee, H., Neumann, P.H., Minnear, F.L., and Malik, 

A.B., J. appl. Physiol. 54 (1983) 178. 

0014-4754/83/111278-0351.50 + 0.20/0 
�9 Verlag Basel, 1983 

Can blocking the N a / K  exchange pump lead to a reduction in intracellular sodium? I 
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Summary. It has been assumed that a rise in intracellular sodium should follow inhibit ion of  the N a / K  exchange pump. 
However ,  under  certain conditions a reduction in intracellular sodium following pump blockage is possible. Many results 
postulating 's t imulation'  of  the N a / K  exchange pump by low doses of  the cardiac glycosides can be explained in this 
manner.  

It has been assumed that a rise in intracellular sodium 
should follow the inhibit ion of  the N a / K  exchange 
pump 2-6. In cardiac muscle, this rise in intracellular sodium 
is postulated to be an important  first step leading to the 
increase in contractile force produced by cardiac glyco- 
sides 2'4. However  there are reports that following the appli- 
cation o f  low concentrations of  the glycosides there is a 
decrease in intracellular [Na t ]  or Na  t activity, or a rise in 
intracellular [K+] 7-11. These results have led to the sugges- 
tion that low concentrations of  the glycosides can stimulate 
the N a / K  exchange pump 7'9'12. Another  explanation is 
possible. The low concentrations of  the glycosides by 
partially inhibiting an electrogenic N a / K  exchange pump, 
will change the membrane  potential 13-16. The change in 
membrane  potential  will lead to changes in [Na+]i and in 
[K+]i . A simple model  shows the conditions under  which 
low concentrations of  glycosides could lower [Na+]i owing 
to this effect. 
For  simplicity the model  will be developed by considering 
only the Na  and K currents and the N a / K  pump. The 
steady state current due to sodium, which is known in 
cardiac muscle as the inward background current, l i n b ,  is 
assumed to follow the constant field equation 6'21, and 
therefore is monotonical ly rising with an increase in the 

negativity of  the membrane  potential (fig. upper panel). 
The potassium current, I K, is assumed to depend on mem- 
brane potential  as shown in the figure, middle panel 
(inwardly rectifying at negative potentials (<  - 30 mV) and 
outwardly rectifying at more positive potentialsl7'ls). The 
N a / K  pump is assumed to be potential  independent  14, 
depend linearly on [Na]i , and to have a fixed coupling ratio 
of  3 N a t / 2  K t (fig., lower panel). The pump is therefore 
electrogenic, with a current Ip. These assumptions are most 
parsimonious with the available data, although a window 

Na/K pump blockage can lead to a reduction in [Na]i 
A) Rest B) Immediately following C) Later, new 

a 5 % pump blockage steady state* 

V= - 9 0 m V  V= - 8 0 m V  V= - 7 5 m V  
IK = 2 I K = 1.76 I k - -  1.71 
lp = 1 Ip - .95 Ip -  .855 
I in  b = - -  3 Iin b = -- 2.71 l i n  b = - -  2.565 
[Na]i = 7 mM [Na]i = 7 mM [Na]i = 6.3 mM 
* The time necessary to achieve this new steady state is dependent on 
the cell surface to volume ratio. The steady state achieved is indepen- 
dent of that ratio. IK, I in  b a n d  Ip as given in the figure. The units are 
arbitrary, and would have to be scaled to the size of the preparation. 


