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The reabsorption of water by the amphibian 
urinary bladder was shown by Steen in 1929 
(1). In  1958, Leaf et al. ( 2 )  reported net 
sodium reabsorption by the isolated toad 
bladder. We have published in vivo evidence 
(3) that the bladder per se excretes potassi- 
um. This report presents data confirming po- 
tassium excretion by the isolated toad blad- 
der. Simultaneous bidirectional fluxes were 
measured using 40K and 42K. Because this 
technique is not readily available to all labor- 
atories, results of measurements of unidirec- 
tional flux in paired hemibladders are also 
reported. 

Materials and Methods. The source, man- 
ner of handling, manner of subjecting toads 
(Bufo marinus) to a potassium load, and 
analytical methods have been previously re- 
ported (3). All toads were pithed prior to 
surgical procedures. Heparinized plasma was 
obtained from potassium-loaded toads by 
cardiac puncture. The radioisotope, 42R, as 
*"&O3 or 42KCl was supplied by NSEC 
Division of International Chemical and Nu- 
clear Corp., Pittsburgh, Pa., or by ISO/ 
SERVE Division of Cambridge Nuclear Corp., 
Cambridge, Mass. Isotopically enriched KC1 
containing 1.90% 40K was supplied by the 
Oak Ridge National Laboratory, Oak Ridge, 
Tenn. 

Gamma counting was done on a Baird 
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Atomic detector attached to a Nuclear-Chica- 
go scaler-timer or on a Tracerlab spectrom- 
eter attached to a well-type scintillation de- 
tector. Radioisotope counting was done to 
within a statistical accuracy of 1.0%. Stan- 
dard corrections for background and decay 
were applied. 

Analysis of 40K was done on a 13 in., 60" 
sector field, second order double focusing 
mass spectrometer, built and operated by the 
Mobil Research and Development Corp., 
Field Research Laboratory, Dallas, Texas. 

Simultaneous bidirectional f lux  experi- 
ments. Hemibladders dissected from potassi- 
um-loaded or nonloaded toads were mounted 
between plastic chambers of 2.0-ml volume 
each. The bladders were equilibrated for 30 
min with unlabeled media. The chambers were 
then drained and rinsed twice with potassi- 
um-free Ringer solution. The chambers were 
filled simultaneously with the experimental 
solutions. The mucosal medium was a Ringer 
solution, made up with 1.90% enriched 40K 
as the sole potassium source. The serosal 
medium was toad plasma with 42KCl added 
to it. The total elemental potassium concen- 
trations of the two solutions were equal. The 
experimental solutions were oxygenated prior 
to use. 

In  7 measurements on 4 preparations, both 
the bladders and plasma used were from po- 
tassium-loaded toads. In  a second group of 8 
measurements on 4 preparations, the bladders 
and plasma were from nonloaded toads. 

After the experimental exposure period, 
aliquots of both bathing media were taken for 
total elemental potassium concentration de- 
terminations. Gamma counting of 42K was 
done on an aliquot of the mucosal bath. Mass 
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spectrographic analysis of the percentage 
composition of 40K was done on an aliquot of 
the serosal bath. 

K Flux derived from J°K flux measure- 
ments. To evaluate the accuracy of the meth- 
od of determining increments above natural 
abundance of the percentage composition of 
40K, 3 control determinations were done on 
solutions made by adding 1.90% enriched 40K 
to KCl solutions with an assumed natural 
abundance of 0.01 18% (5).  The average of 
these 3 determinations was 1.93% below the 
calculated values, with a maximum error of 

The calculation of K flux based on the 
measured flux of 40K was done in the follow- 
ing manner. The increment in percentage 
composition of 40K ( A %  ?ECq) in the serosal 
bathing medium was determined by mass 
spectroscopy; the percentage composition of 
40K (% 40Km) was determined by mass spec- 
troscopy, and the amount of elemental K in 
the serosal medium was determined by flame 
photometry (K, pEq). The K flux was cal- 
culated as follows: (A% 40Ks X K, pEq) t 
(% "OKm) = pEq of K ;  where p E g  of K is 
the flux per bladder per duration of the flux 
period. 

Unidirectional flux experiments. Three 
series of experiments were done by the tech- 
nique of comparing unidirectional fluxes mea- 
sured in opposite directions in paired hem- 
ibladders mounted between plastic cham- 
bers. Series 1 was done on bladders from 
potassium-loaded toads using plasma from 
potassium-loaded toads as the bath on both 
sides. Series 2 was done on bladders from 
nonloaded toads using plasma from nonloaded 
toads on both sides. Series 3 was on bladders 
from loaded-toads using Ringer solution on 
both sides of the bladder. All baths were oxy- 
genated by shaking with 100% prior to 
use. The bath then has sufficient 0 2  in solu- 
tion so that 1 ml of bath will supply the 
bladder for over 2 hr, based on Leaf and 
co-workers' report (4) of the rate of 0- con- 
sumption by the bladder. 

In series 1, the bladders were equilibrated 
with unlabeled loaded plasma for 30 min 
prior to the flux period. The flux was deter- 
mined for each of two 30-min periods in both 
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series 1 and 2.  In  series 3 the bladders were 
equilibrated with Ringer solution with 42K 
label in the appropriate bath for 30 min. The 
flux was then determined for two 15-min 
periods. The chamber volume was 2.0 ml on 
each side in series 1 and 2, and 1.0 ml on 
each side in series 3. 

Series 1 and 2 were carried out over many 
weeks and the magnitude of flux varied 
markedly from one bladder to the other. 
Series 3 was carried out over a 3-week period 
on toads obtained at  one time. In  addition, 
the potassium concentration of the media was 
3.0 meq/liter in all experiments; whereas in 
Series 1 and 2,  the concentration varied con- 
siderably. 

Results. Simultaneous bidirectional flux. 
The results of the simultaneous determina- 
tion of bidirectional fluxes of potassium across 
both loaded and nonloaded hemibladders are 
shown in Table I. A net serosal to mucosal 

TABLE I. Simultaneously Determined Bidirec- 
tional Fluxes of Potassium. 

All values in nanoEq/100 mg of bladder wet wt 
X min. 

Exp t. S+M M+S A 
no. 42K 'OK (S-,M)-(M+S) 

K-Loaded toads 
1B 10.8 0.9 9.9 
3A 35.7 14.1 21.6 
B 100.5 28.7 71.8 

3A 9.2 0.9 8.3 
B 25.0 2.3 22.7 

4A 51.1 16.3 34.8 
B 120.0 46.0 74.0 

Av 34.72" 
SEM k10.39 

Noii-K-loaded toads 
5A 3.809 1.402 2.408 
B 7.848 0.703 7.145 

6A 4.982 0.568 4.414 
B 5.683 1.005 4.678 

7A 2.241 0.470 1.771 
B 2.825 0.280 2.545 

8A 1.311 0.111 1.200 
B 2.239 0.088 2.151 

Av 3.2889" 
SEM 20.6990 

._ . ... _ _  W r  . , 
(I ( t  test p < O.Ol ) ,  
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flux was observed in all experiments, and the 
average net flux in the potassium-loaded 
group is significantly greater than that of the 
nonloaded group ( t  test p = 0.005). Potassi- 
um concentrations of the bathing media were 
6.22 mEq/liter in the nonloaded group and 
8.93 mEq/liter in the loaded group. 

Paired hemibladders. Series I .  There was a 
net serosal to mucosal flux in 10 of 13 sets 
of flux determinations. The serosal to mu- 
c o d  (S + M) flux was 80.3 2 32.73 
nanoEq/100 mg of bladder x min and the 
mucosal to serosal (M -+ S) flux was 62.4 
t 32.2 nanoEq/100 mg of bladder X min. 
The mean difference was 20.5 t 16.3 
nanoEq/100 mg of bladder )( min ( t  test 
p>0.20, binomial p=0.0486). 

Series 2. On 9 of 11 sets of determinations 
on bladders from unloaded toads, the mean S 
+ M flux was 16.2 3. 6.1 nanoEq/100 mg 
X min and the mean M + S flux was 7.8 -I: 
2.5 nanoEq/100 mg X min. The mean dif- 
ference was 8.45 t 6.02 ( t  test p>O.lO, 
binomial fcO.033). 

Series 3. In  39 pairs of measurements on 
20 bladders the S -+ M flux averaged 2.69 
k 0.43 and the M + S flux averaged 2.42 
t 0.38. The average difference was 1.27 t 
0.33 ( t  test p<O.OOS) .  

Discussion. Both 40K and 42K are available 
for bidirectional flux measurements of potas- 
sium. 40K emits both beta and gamma radia- 
tion but its half-life is 1.4 X lo9 years, and i t  
is classified as a stable isotope. In a flux ex- 
periment using 100% enriched 40K, there 
would not be sufficient radioactivity moving 
across the bladder in a reasonable period of 
time for accurate determination of the flux. 
Because of this, the 40K concentrations were 
determined by mass spectroscopy. 

In  the simultaneous bidirectional flux mea- 
surements, i t  would have been desirable to 
reverse the directions of the particular iso- 
tope fluxes in half of the experiments to eval- 
uate the possibility of an isotope separation 
phenomenon occurring. However, the addi- 
tion of the 1.90% enriched *OK to plasma on 
the serosal side would either decrease the 
percentage enrichment to unacceptable levels, 
or raise the potassium concentrations to non- 

Es Av I+ SEM. 

physiological levels. Hence, *OK was used in 
Ringer solution on the mucosal side and all 
@K fluxes were in the mucosal to serosal di- 
rection, and all 42K fluxes were in the serosal 
to mucosal direction. 

Wagener and Landmann (6) report that 
isotopic separation of 39K and 41K by the 
erythrocyte membrane transport system 
probably does not occur, but on the basis of 
their analysis they could only be sure that if 
i t  did occur, it was not ,greater than 1.1%. 
Thus, if one assumes that no greater separa- 
tion of 40K and 42K occurs across the toad 
bladder than occurs with 39K and 43K across 
the red cell membrane, then it is obvious that 
the magnitude of flux asymmetry observed 
in our experiments was not due to isotope 
separation. 

The accuracy of the calculated fluxes of 
40K and 42K was evaluated. Using the 1.90% 
enriched 40K, the increment in percentage 
composition of 40K in the sample due to flux 
above natural abundance of 40K in the plas- 
ma can be determined to within 2.0% ac- 
curacy. The combined errors of the 4’0K flux 
determination is calculated to be 5.4%. Simi- 
larly, the calculated error of the 42K flux is 
3.5%. With these levels of error and the ob- 
servation that the net flux exceeded the mu- 
cosal to serosal flux by 100% in all experi- 
ments, i t  is clear that the degree of flux 
asymmetry observed should not be due to ex- 
perimental error. 

I n  the simultaneous bidirectional flux, the 
greater net K flux in bladders from loaded 
toads than in bladders from nonloaded toads 
indicate that this K excretion is increased in 
response to the need for increased K excre- 
tion. This raises the question, “What is the 
mechanism by which this rate of excretion is 
con trolled? ” 

The fact that the net difference in flux on 
bladders from loaded toads in which Ringer 
solution was on both sides of the bladder 
(series 3 , unidirectional flux), was much low- 
er than in either the series 1 bladders or in the 
bidirectional flux loaded bladders, both of 
which had plasma on them, suggests that 
there is a factor in plasma which stimulates 
the bladder to excrete K. 

On the other hand, two series reported by 
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Frazier and Vanatta ( 7 )  in which only the S 
-+ M flux was measured did not show any 
difference in spite of the fact that plasma was 
on the serosal side in one series and Ringer 
solution was on both sides in the other series. 
In  these two series the S + M flux with 
the plasma was 17.9 t 6.0, and the S + 
M flux with the Ringer solution was 16.4 If: 
2.6 nanoEq/100 mg X min. 

Having found that the toad excreted potas- 
sium in vi’uo, we chose to do these experi- 
ments in the nonshort-circuited state. With- 
out such data, it would be impossible to in- 
terpret data from bladders in the short- 
circuited condition, especially if no signifi- 
cant potassium excretory flux were found. 

We have determined the S + M flux in 
chemically short-circuited bladders. These ex- 
periments are reported by Frazier and Vanat- 
ta ( 7 ) .  The potential difference across the 
bladder was reduced to near zero by placing 
a sodium-free Ringer solution on the serosal 
side of the bladder. This procedure did not 
alter the S + M potassium flux. In addi- 
tion, these authors measured the S + M 
flux of potassium before and during stimula- 
tion of the bladder by placing vasopressin in 
the serosal bath. Although the characteristic 
increase in the electrical potential across the 
bladder due to stimulation of Na transport 
was observed, the S -+ M flux of K did not 
increase. These observations indicate the K 
excretion by the bladder is not coupled to 
sodium reabsorption either directly or in- 
directly. 

The unidirectional flux determinations in 
paired hemibladders are reported so the read- 
er might know the limitation of this method. 
This method can give wide range of values, 

as shown by the results of series 1. The 
variation was much less in series 3. This is 
attributed to the fact that the experiments 
were carried out over a shorter calendar peri- 
od, and all the animals were from a single 
shipment. 

Attempts to obtain paired unidirectional 
flux measurements in the same bladder a t  
different times were unsatisfactory. The radi- 
oactive K could not be readily eluted from 
the hot side of the bladder after the first flux 
determination. 

Summary. The in vitro studies reported 
confirm the previous in vivo report of potassi- 
um excretion by the toad bladder. Subjecting 
the toad to a potassium load augments the 
in vitro excretion of potassium, also con- 
firming this in vivo observation. In  addi- 
tion, the determination of net potassium flux 
using simultaneously determined bidirection- 
al fluxes of 40K and 42K across a single piece 
of bladder tissue is described. 
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