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Sodium Transport in Rana pipiens Gastric Mucosa (41 839) 
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Abstract. The transport properties of frog gastric mucosa in vitro have been reexamined in 
conditions analogous to those used in studies on mammalian systems in which net movements 
of sodium were observed. Net transport of sodium across frog gastric mucosa was not observed 
to occur when the mucosal surface was bathed with a well-buffered solution of near neutral pH, 
indicating that failure to demonstrate sodium transport across frog stomach in previous work 
could not be ascribed to the low pH value of the solution usually used as the mucosal fluid. 
Addition of 5 X lop4 M amphotericin B to the mucosal solution elicited net transport of sodium 
and an increase in short-circuit current. These findings indicate that sodium transport may 
contribute to the electrolyte physiology of frog gastric mucosa in some experimental conditions, 
and may limit the utility of the three-variable model proposed by Hogben. 

Studies on in vitro preparations of gastric 
mucosa from several mammalian species (1- 
5) have suggested that the mammalian stom- 
ach differs in an important respect from the 
extensively studied frog gastric mucosa (6-8). 
The mammalian tissues have generally been 
found to maintain net transport of sodium 
from the secretory, to nutrient surface in the 
absence of transmural gradients of electro- 
chemical potentials, but sodium transport 
across frog gastric mucosa has previously been 
reported to occur only under hypoxic con- 
ditions (9, 10). 

A survey of the literature suggested that this 
discrepancy may reflect a difference in the 
conditions used to study amphibian and 
mammalian tissues. In general, an unbuffered 
solution of pH less than 5 has been used as 
the mucosal medium in studies on frog stom- 
ach, but a well-buffered solution of pH greater 
than 7 has usually been employed in studies 
on mammalian systems. Because net sodium 
transport across rabbit gastric mucosa was in- 
hibited when the pH of the secretory medium 
was decreased (1 l), and sodium transport was 
observed in a study on an amphibian species 
(Necturus) in which the pH of the secretory 
medium was maintained greater than 7 (12), 
the transport properties of the frog gastric mu- 
cosa were reexamined using conditions anal- 
ogous to those employed in experiments on 
mammalian tissue. 

Methods. The preparation of frog (Rana 

pipiens) gastric mucosa used in the present 
experiments was essentially similar to that de- 
scribed in several previous studies (7, 8, 13). 
The tissue was taken from the fundic region 
of the stomach, separated from the muscle 
coats by dissection, and mounted between lu- 
cite chambers with an exposed surface area 
of I cm2. 

For studies on the transport of sodium and 
chloride, both surfaces of the tissue were 
bathed by 10 ml of a well-buffered incubation 
solution with the following composition 
(M): NaC1,70; NaHepes, 20; NaHC03, 19; 
KC1, 3; KH2P04, 2; MgS04, 1; glucose, 10. 
The solutions were equilibrated with 95% 02/ 
5% C02 before, and during the experiment, 
and maintained the pH value of both nutrient 
and secretory solutions at 7.2 throughout the 
study. The experiments were conducted at 
room temperature. Transmucosal potential 
difference (PD), resistance (R), and short-cir- 
cuit current (I,) were evaluated using the au- 
tomatic voltage clamp system described pre- 
viously ( 14). For flux estimation, 3 pCi of 22Na 
or 36Cl were added to the solution on one side 
of the tissue, a 1-hr period allowed for equil- 
ibration, and the flux estimated from the ap- 
pearance of tracer in the initially unlabeled 
solution during 20-min periods. 

For studies on acid secretion, the solution 
bathing the mucosal surface of the tissue was 
replaced by an isoosmotic solution of NaC1. 
The pH of this solution was maintained con- 
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stant by titration with 5 mNNaOH by means 
of a Radiometer pH stat. 

Amphotericin B was obtained from the 
Sigma Chemical Company, and was applied 
as a concentrated stock solution in dimeth- 
ylsulfoxide (DMSO). Results were expressed 
as means * SM. Statistical significance was 
estimated by the t test for paired data, and 
the differences with a P value less than 0.05 
were considered to be significant. 

Results. Preliminary studies showed that, 
in control conditions, the in vitro preparation 
of frog gastric mucosa used in our experiments 
was stable for at least 3 hr of incubation. Figure 
1 shows that addition of DMSO to the mucosal 
solution produced no change in the electrical 
variables (PD, R, Ix), but addition of a DMSO 
solution of amphotericin B (to give a final 
concentration of 5 X M in the bath) elic- 
ited a prompt increase in I, and a decrease 
in R. The changes in I, and R were of equiv- 
alent magnitudes with the result that PD did 
not change significantly. 

Figure 2 shows that the opposed unidirec- 
tional fluxes of sodium did not differ signifi- 
cantly from each other in the control condi- 
tion, indicating that a net movement of so- 
dium did not occur in this situation. Addition 
of DMSO to the mucosal solution did not 
change the sodium fluxes, but exposure to 
5 X M amphotericin B increased both 
of the sodium fluxes. The increase in the mu- 
cosal-to-serosal flux was larger than that of 
the serosal-to-mucosal flux, indicating that a 
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FIG. 1 .  Effects of DMSO ( 1 % )  and a-amphotericin B 
(5 X M )  on potential difference, short-circuit current 
and electrical resistance in isolated frog gastric mucosa. 
N = 14. Asterisk denotes significant difference at P -= 0.05 
from value at 120 min. 

- 

5 2.0 ,,t 
a-Amphotericin B 

1% DMSO 1-d 
7 

M-S (n = 7) 

S-M (n = 7) : 1.0 

= 0.5 
+ 

0 60 120 180 

Time (min)  

FIG. 2. Unidirectional fluxes of sodium during DMSO 
(1%) and a-amphotericin B conditions (5 X M ) .  N 
= 7. Single asterisk denotes significant difference at P 
< 0.05 from value at 120 min. Double asterisks denote 
significant difference at P c 0.05 between unidirectional 
fluxes. 

net movement of sodium in the mucosal-to- 
serosal direction was maintained in the pres- 
ence of amphotericin B. 

The mean value of the net flux of sodium 
observed in the presence of amphotericin B 
was 0.35 f 0.04 peq cmP2 hr-', and the in- 
crease in I, associated with exposure to am- 
photericin B was 0.48 * 0.04 peg cm-2 hr-', 
suggesting that the transport of sodium was 
equivalent to more than 70% of the change 
in I,. 

Figure 3 shows that the preparation main- 
tained a net secretory movement of chloride 
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FIG. 3. Unidirectional chloride fluxes using DMSO (1%) 
and a-amphotericin B conditions (5 X lop4 M ) .  N = 6. 
Asterisk denotes significant difference at P < 0.05 from 
value at 120 min. 
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in the control condition, and after addition 
of DMSO to the mucosal fluid. Exposure to 
5 X lop4 M amphotericin B produced signif- 
icant increases in both chloride fluxes, but the 
changes in the two fluxes were equivalent and 
the net movement of chloride did not change 
after addition of amphotericin B. Thus, in the 
control condition, the net movement of chlo- 
ride was -3.3 k 0.08 peq cm-2 hr-I, and after 
addition of amphotericin B this quantity was 
-3.2 k 0.16 peq cm-2 hr-I. 

Figure 4 shows that the basal secretion of 
acid remained constant during the control pe- 
riod of incubation, and after addition of 
DMSO to the mucosal fluid. Exposure to 
5 X A4 amphotericin B resulted in a 
prompt decrease in acid secretion, but the ef- 
fect was transient and lasted for only one sam- 
pling period. Subsequently the basal secretion 
of acid returned to the level observed in the 
control period, and was maintained at this 
value during the remainder of the experiment. 

Discussion. The primary objective of these 
experiments was to examine the transport of 
sodium across frog gastric mucosa in vitro 
when the mucosal surface of the tissue was 
bathed with a well-buffered solution of near 
neutral pH. The experiments showed that the 
tissue did not maintain a net movement of 
sodium in this condition. Several observations 
indicated that the failure to demonstrate net 
sodium transport in these studies could not 
be ascribed to a nonspecific depression of tis- 
sue function in the conditions used. Thus the 
rates of chloride transport and basal acid se- 
cretion, and the electrical variables were all 
of comparable magnitudes to values reported 
in previous studies. In addition, our experi- 
ments showed that net transport of sodium 
was maintained in tissue treated with am- 
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FIG. 4. Basal acid secretion during DMSO ( 1 % )  and a- 
amphotericin B conditions ( 5  X M ) .  N = 6. Asterisk 
denotes significant difference at P < 0.05 from value at 
120 min. 

photericin B, indicating that a sodium trans- 
port process was demonstrable when the 
properties of the tissue were modified. Ac- 
cordingly, it was concluded that the frog gastric 
mucosa did not normally effect net transport 
of sodium when the mucosal surface was 
bathed with a well-buffered solution of pH 
greater than 7, and that the lack of sodium 
transport demonstrated in previous studies on 
the tissue could not be ascribed to the low pH 
of the solution used as the mucosal medium 
in most of the earlier work. 

The mechanism of action of amphotericin 
B in eliciting the sodium transport process in 
frog gastric mucosa in vitro was not investi- 
gated. In other systems it has been shown that 
the action of amphotericin B on sodium 
transport was associated with the introduction 
of cation selection channels into the apical 
membrane of epithelial cells (1 5,  16), and it 
may be that a similar mechanism contributed 
to the effects of amphotericin B observed in 
the present experiments. This suggestion car- 
ries the implication that the principal differ- 
ence between the frog gastric mucosa and the 
mammalian systems, with respect to sodium 
transport, lies in the presence of sodium entry 
channels in the sodium transporting cells of 
mammalian stomach, and the absence of such 
channels in the frog tissue. However, the effects 
of amphotericin B on frog gastric mucosa were 
not restricted to sodium movements. The 
agent also increased permeability to chloride, 
and transiently modified the basal rate of acid 
secretion, and the possibility that the action 
of amphotericin B was associated with mod- 
ification of cellular regulatory mechanisms of 
more general significance cannot be dis- 
counted at present. The latter proposal sug- 
gests that the frog gastric mucosa includes 
mechanisms controlling the sodium transport 
process that are not present, or depressed in 
the corresponding mammalian. systems. 

Previously, Flemstrom and Obrink (9) and 
Flemstrom (10) have shown that net transport 
of sodium across frog gastric mucosa in vitro 
may be induced by decreasing the partial pres- 
sure of oxygen to which the tissue is exposed. 
In contrast to our findings, the hypoxia in- 
duced stimulation of sodium transport was 
not associated with a variation in I,, sug- 
gesting that the actions of amphotericin B and 
hypoxia may be mediated through the differ- 
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ent mechanisms. Thus the present studies, to- 
gether with those of Flemstrom and Obrink 
(9) and Flemstrom (lo), raise a question con- 
cerning the general validity of the simple three- 
component model proposed by Hogben (6) as 
a description of the transport properties of 
frog gastric mucosa in vitro. This model is 
summarized by the expression: 

in which Eit represents the rate of chloride 
transport, and JH' represents the rate of acid 
secretion. The earlier studies (9, 10) and those 
described here demonstrate that the assump- 
tion that only chloride and acid require con- 
sideration as transported species is not gen- 
erally valid, and that net movements of so- 
dium may be stimulated in some experimental 
conditions. In addition, the present work has 
suggested that in at least some situations the 
sodium transport process may contribute to 
the electrical characteristics of the tissue. 

I ,  = J:lt - JH+ 
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