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Effect of Ouabain on Acid Secretion and Electrolyte Content of Frog 
Gastric Mucosa.* (27595) 

HORACE W. DAVENPORT 
Department of Physiology, University of Michigan, Ann Arbor 

We have described some aspects of the elec- 
trolyte composition of frog gastric mucosa as 
the first step in a study of the relation be- 
tween cell composition and secretory ability 
( 1 ) .  In this paper we show that the concen- 
tration of ouabain (G-strophanthin) which 
inhibits acid secretion also causes K in the 
tissue to fall and Na to rise. If the mucosa 
is incubated in a solution in which part of the 
Na is replaced by K, tissue concentrations 
are returned toward normal, and acid secre- 
tion is restored. 

Methods. Our methods for measuring acid 
secretion by gastric mucosal sacs of Rana pi- 
piens have been described(2). The only 
change in technic is that the tissues are now 
always incubated under a Po2 of approxi- 
mately 2 ,000  mm Hg which reduces aerobic 
glycolysis to a negligible rate. Likewise, our 
methods for incubating mucosas for determin- 
ation of volumes of distribution of radioiodi- 
nated serum albumin (RISA), inulin and 
mannitol and our analytical methods for tis- 
sue electrolytes have been described, together 
with evidence showing that the 4-hour vol- 
ume of distribution of RISA is probably a 
correct estimate of the extracellular space( 1 ) . 

Results, The inhibitory effect of ouabain 
on acid secretion by frog gastric mucosa is 
shown in Fig. 1. 

*Aided by grant from U.S.P.H.S. 

The effect of 10-4 M ouabain on electro- 
lytes and spaces of RISA and inulin in frog 
gastric mucosa is shown in Fig. 2. “a] , was 
1 1 7  mM, l:K(lo 9 mM and [Cl], 1 0 4  mM. 
The control values are the cumulative ones 
collected in our laboratory over a 2-year pe- 
riod, and include observations made in par- 
allel with those in which ouabain was used. 
Consequently, the differences can be attrib- 
uted to ouabain and not to seasonal variations 
or changes in methods. The climbing curves 
for RISA and inulin show diffusion of the 
substances into the tissue over the 4-hour pe- 
riod. The curves for H20, Na, K and C1 
show the amounts in the tissues a t  time of 
analysis. Ouabain produces no change in to- 
tal HzO, but reduces both RISA and inulin 
spaces. Four-hour mannitol spaces, not 
shown in the figure, were for control mucosas 
545 t SEM 1 7  (n = 30) and for ouabain- 
treated mucosas 410 t SEM 1 0  (n = 20). 
The parallel reduction in these 3 spaces with- 
out increase in total H 2 0  shows that the cells 
swelled at  the expense of extracellular fluid 
space. During incubation tissue Na rose and 
K fell, doubtless reflecting similar changes in 
intracellular concentrations. On the assump- 
tion that the 4-hour RISA space is true extra- 
cellular volume the intracellular concentra- 
tions can be calculated. However, it seems 
likely that there are a t  least 2 cell types in 
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FIG. 3. Ordinates: rates of acid secretion by frog 
g?stric mucosas in @/mg dry wt/hr at 25°C. Ab- 
scissae: K concentrations in mM. Sum of K and 
Na in all solutions was 129 mM. Each point is  the 
mean of 10 to 25 observations. Solid line is  for 
results without ouabain; interrupted line is for re- 

sults with ~ O - ' M  ouabain. 

other effects of the drugs are primary ones or 
are merely secondary to their alteration of in- 
tracellular electrolyte patterns. Burg and Or- 
loff (4) have given a thorough analysis of this 
problem in the case of kidney tissue, and have 
demonstrated insofar as is experimentally 
possible that inhibition by strophanthidin of 
PAH accumulation by kidney slices is second- 
ary to K depletion. Although they present 
much other pertinent evidence, their major 
point is that depression of PAH accumula- 
tion caused by strophanthidin can be reversed 

by increasing the K content of the medium 
and thereby of the cells. We present similar 
evidence to explain the inhibition of gastric 
acid secretion by ouabain, and although other 
explanations remain possible if not plausible 
we conclude that at least part of the drug's 
effect is expressed through alteration of intra- 
cellular environment. If we were able to give 
a valid calculation of intracellular composi- 
tion of the oxyntic cells under our experi- 
mental conditions we could specify the intra- 
cellular electrolyte composition required for 
acid secretion. Until this becomes possible 
we present our data with the expectation that 
they will become useful when the basis of 
such a calculation is at hand. 

Summary. Ouabain in concentrations from 
to lo4 M inhibits acid secretion by frog 

gastric mucosas in vitro and a t  10-4 M causes 
tissue Na to rise and K to fall. Increasing K 
concentration in the medium from 9 to 29 
mM largely abolishes the inhibitory effect of 
lo" M ouabain. We conclude that at least 
some of the inhibitory effect is the result of 
a1 teration of in tracellular electrolyte pat tern. 
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Effect of Erythropoietin on the Uptake and Utilization of Iron by Bone 
Marrow Cells in vitro." (275%) 

ALLAN J. ERSLEV (Introduced by Louis A. Kazal) 
Cwdeza Foundation, Jeflerson Medical College, Philadelphia, Pa. 

During the last decade numerous studies erythropoietin( 1,2,3). This factor is un- 
doubtedly of importance in adjustment of red 

*Supported by research grant from Nat. Inst. 
Health, U.S.P.H.S. 

have demonstrated that plasma from severely 
anemic or severely hypoxic mammals con- 
tains an erythropoietic factor, the so-called 




