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SUMMARY 

1. This paper  deals  with some of  the character is t ics  o f  H + and NH4 + excret ion 
in the t oad  ur inary  bladder .  The evidence tha t  H ÷ and NH4 + are excre ted  by the 
u r ina ry  b ladder  has been previously  published.  

2. Studies were pe r fo rmed  to invest igate  the  character is t ics  of  H + and NH4 + 
excre t ion  in the  toad  ur inary  bladder .  

3. Studies  using anaerob ic  condi t ions  as well  as s tudies  using C N -  demons t r a t e  
tha t  H ÷ excret ion is pa r t i a l ly  dependen t  on aerobic  m e t a b o l i s m  but  can proceed at  
reduced  rates under  anaerob ic  condi t ions .  

4. Both H + and NH4 + excret ion appea r  to  have some re la t ionsh ip  to mucosa l  
N a  +. However ,  the exact  na ture  o f  this  r e la t ionsh ip  is no t  c lear  f rom this s tudy.  

5. Ne i the r  H ÷ or  NH4 ÷ excre t ion  are affected by  the absence o f  C I -  in the 
ba th ing  media.  

INTRODUCTION 

Previous  studies f rom our  l abo ra to ry  have shown tha t  the  ur inary  b l adde r  of  
Bufo marinus can acidify the urine and p roduce  and excrete NH4 + (ref. 1). The 
acidif icat ion process has also been shown to occur  via H ÷ excret ion as opposed  to 
H C O  3-  r eabsorp t ion  3. In addi t ion ,  H ÷ excret ion has been shown to occur  against  
an e lectrochemical  gradient  1. This meets one cri ter ia  for  active t ranspor t .  In this 
paper  we deal  with the effects of  metabol ic  inh ib i tors  on H ÷ t ranspor t .  Inhibi t ion  
by a metabol ic  inhib i tor  is ano the r  cri teria for active t ranspor t .  

The purpose  of  the present  s tudy was to charac te r ize  fur ther  the  H + and N H4 + 
excre tory  mechanisms.  Also,  to  de te rmine  if  the  act ive excre t ion  of  H ÷ is l inked to 
metabo l i c  energy p roduc t ion  or  the  active t r a n s p o r t  o f  ano the r  ion. The present  
findings indica ted  tha t  one componen t  of  the  H ÷ excre tory  system may  be di rec t ly  
l inked  to N a  ÷ r eabso rp t ion  and tha t  ano the r  c o m p o n e n t  is independen t  of  N a  + 
reabsorp t ion  and dependen t  on metabo l i c  energy. The  findings on NH4 + excret ion 
are  not  as clear cut  as are those deal ing with H ÷ excret ion.  
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MATERIALS AND METHODS 

General 
The source and the routine care of  toads, instrumentation, the procedure for 

inducing acidosis and the methods of measuring H + and NH4 + excretion were as 
previously described 1-3. Heparinized plasma was obtained by cardiac puncture 
from pithed toads. Bladders from toads in metabolic acidosis were used in all studies 
reported here. 

Toads were sacrificed by pithing. The hemibladders were removed and mounted 
between lucite chambers, each of which held 2 ml of the indicated bath. The exposed 
surface area of each bladder was 3 cm 2. A rubber " O "  ring was placed between the 
chambers to minimize edge damage. The bladders were allowed to equilibrate 
for 15 min. The mucosal chamber was then drained and washed twice with the indicated 
Ringer solution. The flux period was begun at the end of the second draining and the 
appropriate solution placed in the mucosal chamber. The flux period was for 120 
min unless otherwise noted. Humidified 100% Oz was bubbled into the mucosal 
medium throughout each experiment except where noted otherwise. At the end of 
the flux period both wet and dry weight were obtained on the bladders. The H20  
content of each bladder was calculated. This content was within normal limits in all 
bladders, therefore, wet weight was used as the basis for the normalized flux. The pH 
and NH4 + were determined on both the mucosal and serosal samples. In all 
experiments where pooled plasma from acidotic toads was used as the serosal medium 
the plasma was frozen and then thawed before used to reduce CO 2 in solution 
to near zero. The HCO 3- concentration was not changed by this procedure. 

The Na + analyses were performed on a Beckman model B spectrophotometer  
with a flame attachment. Chloride was determined by iodometric titration 5, modified 
so that it was capable of detecting 0.5 mM C1-. NH 4 + was determined colorimetrically 6 
and read on a Bausch and Lomb spectrophotometer.  Na + fluxes were measured 
using 2ZNa supplied by ICN Corp. of Irvine, Calif. G a m m a  counting was done on a 
Tracerlab scaler-spectrometer attached to a well-type scintillation detector. Standard 
counting techniques, and calculations were used in calculating the Na + flux. Counts 
were to statistical accuracy of 1%. 

Calculations 
The H + was calculated using a pK, for the phosphate buffer pair of 6.50. This 

value was obtained both empirically in Ringer solution and by calculation to correct 
for the ionic strength 4. A typical result is given below. 

The initial pH of the mucosal media was 6.80 as stated. In the two series of 
experiments with Mg and K substitution in the mucosal media, the pH fell during 
the flux period to a final value between 6.27 and 6.60 in the series. A typical analysis 
is taken from one bladder in which Mg was substituted (one of the bladders making 
up the series reported in Table IV). This bladder weighed 19.02 mg, and the pH 
change of the mucosal solution was from 6.80 to 6.38 over the 120-min period. With 
2 ml of 1.5 mM phosphate buffer as the mucosal media, there was a total of 3.0/zmoles 
of  phosphate buffer present. At pH 6.80, using the Henderson-Hasselbalch equation 
we find that  there is 1.00 #moles of HEPO4-, and 2.0/zmoles of HPO42-.  At the pH 
of 6.38 at the end of the flux period, the quantities are again calculated and we find 
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that there is now 1.7 l #moles of HzPO 4-, and 1.29/~moles of HPO4 2 -. This indicates 
that 0.71 pmole of H + has been added to the system. This bladder in the chamber 
weighed 19.02 mg. Calculating then: (0.71/zmole H + per bladder per 120 rain). (100 
mg/19.02 mg) (120 rain) = 0.0311/zmole per 100mg bladder per min, or31.1 nmoles/100 
mg bladder per rnin. 

Solutions 
All Ringer solutions involved are described as modifications of a Ringer 

solution used as the mucosal media designated, 1.5 mM phosphate Ringer solution. 
This solution contained in mM: NaC1, 114.0; KCI, 3.0; CaC12, 0.9; with sodium 
phosphate buffer, pH 6.80, 1.5 mM. The 0.6 mM phosphate Ringer solutions contain- 
ed the reduced concentration of the phosphate buffer, pH 6.80, and had NaCI in- 
creased to 114.9 mM. 

The 1.5 mM phosphate Ringer solution with glutamine, used as a serosal me- 
dium, was modified in that the pH was 7.00 and 0.6 mM glutamine was added. Choline 
Ringer, K +-Ringer and Mg 2+-Ringer solutions contained equivalent amounts of the 
appropriate salts as substitutes for the NaCI. They each contained 1.5 mM potassium 
phosphate buffer, pH 6.80. Sucrose was added to the Mg 2+-Ringer solution to make 
it isotonic. 

The 1.0, 4.0, 10.0, and 18.0mM Na+-Ringer solutions contained the stated 
concentration of Na + as NaCI, with sufficient choline chloride to make the sum of 
choline and NaC1 concentrations equal to 114.5 mM. There was 0.6 mM potassium 
phosphate buffer, pH 6.80, in each solution, and KC1 and CaC12 in the quantities 
indicated above. The 25 mM bicarbonate Ringer solution contained in mM: NaCI, 
89.5; KCI, 3.0; CaCI 2, 0.9; NaHCO 3, 25.0 and glutamine, 0.6. The solution was 
equilibrated with 5% CO2 and the resulting pH was 7.20. 

The 0.6 mM phosphate-sulfate Ringer solution, and the 1.5 mM phosphate- 
sulfate Ringer solution with glutamine were pH 6.80 and 7.00, respectively. Each 
contained equivalent amounts of  the appropriate sulfate salts as substitutes for the 
NaC1, KCI, and CaC12 salts. Sucrose was added to each to make it isotonic. The 
1 mM Mg/+-Ringer solution contained in mM: NaC1, 112; KCI, 3.0; CaC12, 0.9; 
MgCl 2, 1.0; sucrose, 1 mM and 1.5 mM potassium phosphate buffer, pH 6.80. 

In the cyanide experiments, 10 -3 M NaCN was added to the serosal media. 
This resulted in a change in the pH of  the serosal medium to 8.10. In the amiloride 
experiments, 10 -5 M amiloride was added to the mucosal media. Amiloride was 
supplied by Merck Sharp and Dohme Research Laboratories, West Point, Pa. 

Experimental and control fluxes 
Paired hemibladders were used for control and experimental observations in 

the cyanide, amiloride and the cationic substitution experiments. The flux observed 
on each hemibladder was normalized for the wet weight of the bladder and expressed 
in nmoles/100 mg bladder per min. The difference in the normalized fluxes of the 
pair of hemibladders (experimental-control) was determined, and the mean differ- 
ence calculated for each series. There were 10 pairs in each series unless otherwise 
stated. In the experiments with varying Na + concentration, hemibladders were 
paired as indicated. 

In the anaerobic experiments and the sulfate experiments, each hemibladder 
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served as its own control, with three fluxes being determined on each bladder. These, 
in order, were control, experimental, and control  fluxes. The difference between 
control and experimental fluxes and the mean difference for each series was deter- 
mined as described above. There were 10 hemibladders in each series. 

The details as to which solution was used as the serosal and mucosal medium 
is given in the heading of the tables report ing the results of the respective experiments. 
The chambers contained 2 ml of media on each side of the bladder. 

In the experiment using sulfate media, C1--free media was obtained by washing 
each chamber three times with the respective sulfate media over a 30-min period 
between the first control and the experimental flux. At the end of this washing 
period the chamber was drained, and fresh C1--free sulfate media was placed in 
each chamber. At the end of the 60-min flux period the chambers were drained. 
A CI-  determination was made on aliquots of  both  the mucosal and the serosal 
media obtained at the end of the flux period. 

In the experiments with reduced 02 tension, the plasma and mucosal bath 
were washed free of dissolved 02 by overlaying with nitrogen, and shaking gently, 
and repeating this at least three times. The mucosal media was then bubbled with 
nitrogen (minimum purity, 99.96%). However, this gas passed through rubber tubing 
so we have designated the atmosphere as low part ial  pressure of 02 because the 
tubing is not completely impermeable to gases. 

RESULTS 

C y a n i d e  

It can be seen from the results in Table I that  C N -  inhibits H + excretion, 
both in the presence of 5% CO2 and in the presence of only endogenous COz. The 

TABLE I 

EFFECT OF CN-- ON THE EXCRETION OF H + AND NH4 + BY THE TOAD URINARY 
BLADDER 

Excretion is in nmoles/100 mg bladder wet wt per min. The mucosal medium in all experiments 
was 1.5 rnM phosphate Ringer solution. In the endogenous COz experiments, the serosal medium 
was 1.5 mM phosphate Ringer solution with glutamine. In the 5~ CO2 experiments the serosal 
medium was 25.0 mM NaHCO3 Ringer solution with glutarnine bubbled with 5~ CO2. n = 10 in 
each series. 

Procedure H + H + N H a  + N H 4  + 
extret ion mean excret ion mean 

difference* difference* 

A. Control 30.26 4.18 
--20.33+_4.83 --1.47+_0.54 

(P < 0.005) (P < 0.01) 
CN-- 10 - a  M 9.93 2.71 

B. Control 5~ 46.15 2.14 
COz -42.86+_ 5.46 

(P < 0.005) 
CN-- 10 - a  M 3.27 2.82 
5~ CO2 

+ 0.68 _+ 0.28 
(P < 0.05) 

* + S.E. of the mean. 
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3.27 nmoles/100 mg wet wt per  min  H + excre t ion  with  C N -  and with 5% CO2 
ae ra t ing  the serosal  med ium could  be due to  CO2 diffusing across the b ladder  to 
react  wi th  the  phospha te  in the mucosa l  medium.  This  then would  be the  ma x imum 
rate for  this  process,  and  the s t imula t ion  of  H + t r a n s p o r t  as evidenced by the dif- 
ference in the  cont ro l  o f  the  A series and  the cont ro l  of  the  B series is not  l ikely due 
to CO2 diffusion alone.  Since these two con t ro l  series do  not  represent  pa i red  hemi-  
bladders ,  a fine in te rp re ta t ion  o f  the difference is not  justif ied.  

NH4 + excret ion was inhib i ted  by C N -  in phospha te  media ,  but  not  inhibi ted 
in b i ca rbona te  media .  The exp lana t ion  of  this  difference in response is not  apparen t .  

A m i l o r i d e  

In Table  l l  the results o f  the  exper iments  with ami lo r ide  are repor ted .  Ami lo -  
r ide p roduced  a 20% inhib i t ion  o f  hydrogen  excret ion,  bu t  had no effect on NH4 + 
excret ion.  

L o w  0 z tension 

In Table  I I I  are r epor t ed  the resul ts  of  s tudies  at  low par t i a l  pressures of  
oxygen.  Low oxygen p roduced  a b o u t  a 45% reduc t ion  in H + excret ion,  but  had no 
effect on NH4 + excret ion.  The persis tence of  some H + excret ion under  condi t ions  
o f  low oxygen tension are expla ined e i ther  by an oxida t ive  pa thway  funct ioning 
at  very low pa r t i a l  02  pressures or  by energy der ived f rom glycolyt ic  pa thways .  On 
the o ther  hand  the persis tence of  some H + excre t ion  in the presence of  10 -3  M C N -  
suggest  tha t  H + excre t ion  can be carr ied  out  by energy der ived f rom glycolyt ic  
pa thways .  

S u l f a t e  e x p e r i m e n t s  

The exper iments  using sulfate med ia  to  ob ta in  a C l - - f r e e  med ia  are r epor t ed  
in Table  III.  These results c lear ly indicate  tha t  C1- in e i ther  the serosal  or  mucosa l  

TABLE II 

EFFECT OF AMILORIDE ON THE EXCRETION OF H + AND NH4 + BY THE TOAD 
URINARY BLADDER 

Excretion is in nmoles/100 nag bladder wet wt per rain. Serosal medium was 1.5 mM phosphate 
Ringer solution with glutamine. Control mucosal medium was 0.6 mM phosphate Ringer solution. 
Amiloride was added to the mucosal medium of the experimental group, n= 10 in each series. 

Procedure H t- H + NH4+ NH4+ 
excretion mean excretion mean 

dtifference* dtiffkrence* 

Control 18.10 1.25 
--4.13 + 1.37 0.01 _+0.10 

(P<0.01) (P> 0.90) 
Amiloride 10 _5 M 14.30 1.24 

* + S.E. of the mean. 
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TABLE III 

STUDIES OF H + A N D  NH4 + EXCRETION USING HEMIBLADDERS AS THEIR OWN 
CONTROLS 

Series A, effect of low 02 tensions. Series B, effect of C1---free mucosal and serosal media. Ex- 
cretion is in nnaoles/100 nag bladder wet w per rain. In Series A, the mucosal medium was 0.6 mM 
phosphate Ringer solution, and the serosal medium was pooled plasma from acidotic toads. 
In the period of low 02 tension the media were aerated with nitrogen as described in the text 
before placing on the bladder. The mucosal media were bubbled with virtually O2-free N~ during 
the flux period. In Series B the control naucosal medium was 0.6 mM phosphate Ringer solution 
and the serosal medium was 1.5 mM phosphate Ringer solution with glutamine. For the CI---free 
media, the mucosal medium was 0.6 mM phosphate-sulfate Ringer solution and the serosal 
medium was 1.5 rnM phosphate-sulfate Ringer solution with glutamine, n=  10 for each series. 

Procedure H + H + NH4  ~- NHa  + 
excret ion mean excretion mean 

difference* d(fference* 

A. Control 27.35 4.85 
-- 11.20+2.29 --0.27+0.33 

(P < 0.005) (P > 0.20) 
Low 02 16.15 4.58 

- 12.44 _+ 2.64 + 0.08 _+ 0.58 
(P < 0.005) (P > 0.02) 

Control 28.59 4.50 

.B. Control 
C1-- 14.96 1.51 

- 2 . 4 6 +  1.70 -0 .37+0 .34  
(P>0.05) (P>0.15) 

SO42- 12.50 1.14 
- 1.53 _+ 1.50 - 0.42 +_ 0.24 

(P>0.15) (P> 0.05) 
Control 
Cl-- 14.03 1.56 

* +_ S.E. of the mean. 

m e d i a  is n o t  essent ia l  fo r  e i t h e r  H + or  N H 4  + excre t ion .  T h e  C1-  d e t e r m i n a t i o n  

on  each  m u c o s a l  and  serosa l  s a m p l e  was z e r o  us ing a m e t h o d  capab l e  o f  d e t e c t i n g  
0.5 m M  C I - .  

M u c o s a l  c a t i o n i c  s u b s t i t u t i o n  

T h e  resul ts  o f  t he  e x p e r i m e n t s  in which  cho l ine ,  K +, and  M g  2+ were  subs t i t u t ed  

fo r  N a  + in t he  m u c o s a l  m e d i a  a re  r e p o r t e d  in T a b l e  IV. T h e r e  was a b o u t  75% 

r e d u c t i o n  in H + t r a n s p o r t  p r o d u c e d  by the  cho l i ne  R i n g e r  so lu t ion ,  and  a 4 0 %  
r e d u c t i o n  by the  K + - R i n g e r  so lu t ion .  T h e  M g 2 + - R i n g e r  so lu t i on  ac tua l ly  s t i m u l a t e d  
H + excre t ion .  T h e  effect  on  N H 4  + e x c r e t i o n  is n o t  in the  s a m e  d i r e c t i o n  as t he  effect  
on  H + exc re t i on  in each  e x p e r i m e n t .  

S o d i u m  was d e t e r m i n e d  on  an a l i q u o t  o f  each  m u c o s a l  m e d i a  at  t he  end  o f  

t he  flux per iod .  T h e  s o d i u m  c o n c e n t r a t i o n  was  usua l ly  less t h a n  1 m M ,  and  was less 
t h a n  2 m M  in al l  expe r imen t s .  T h i s  s o d i u m  represen t s  serosa l  to  m u c o s a l  l eak  d u r i n g  
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TABLE IV 

EFFECT OF CATIONIC SUBSTITUTIONS IN MUCOSAL MEDIA ON H + AND NH4 + 
EXCRETION BY THE TOAD U R I N A R Y  B L A D D E R  

Excretion is given in nmoles/100 mg bladder wet wt per min. The serosal medium was pooled 
plasma from metabolic acidotic toads in Series A-C.  The serosal medium was 25 mM NaHCO,~ 
Ringer solution bubbled with 5~  CO2 in Series D. The control mucosal media was 1.5 mM 
phosphate Ringer solution, The choline, K +-, or MgZ+-Ringer solutions were the mucosal media 
on the indicated experiments, n=  10 for each series. 

Series H + H + NH4 + N H  4 + 
excretion mean excretion mean 

difference* difference* 

A. Na + 9.00 5.43 
- 6.60 + 1.66 - 2.29 + 0.94 

(P < 0.005) (P < 0.05) 
Choline 2.40 3.14 

B. Na + 19.52 4.11 
- 7.75+2.58 -0.39_+0.55 

(P < 0.01) (P > 0.50) 
K + 11.77 3.72 

C. Na + 16.95 4.06 

Mg z+ 27.94 

D. Na + 60.66 
5~  CO~ 

Choline 48.06 
5% CO2 

10.99 + 3.53 -- 1.44 + 0.60 
(P < 0.01) (P < 0.05) 

2.62 

2.46 
-- 12.60 ___ 2.47 O. I 1 _+ 0.41 

(P < 0.005) (P > 0,80) 
2.57 

* + S.E. of the mean. 

t he  flux per iod ,  w i t h  poss ib ly  s o m e  c o n t r i b u t i o n  f r o m  s o d i u m  c o m i n g  f r o m  the  

b l a d d e r  wall .  
Because  M g Z + - R i n g e r  so lu t i on  s t i m u l a t e d  H + t r anspo r t ,  and  we d id  no t  have  

M g  2+ in any o f  o u r  R i n g e r  so lu t ions ,  we dec ided  to t ry  t he  effect o f  a m o r e  phys io-  
log ica l  c o n c e n t r a t i o n  o f  M g  z+ by us ing  l m M  M g 2 + - R i n g e r  so lu t ion .  It was re- 

c o g n i z e d  t h a t  t hose  e x p e r i m e n t s  in wh ich  p l a sma  had  been  used, the re  was s o m e  
M g  1+ p re sen t  in t he  serosal  m e d i u m ,  bu t  s t i l l  i t  s e e m e d  des i rab le  to  tes t  the  effect  
o f  smal l  a m o u n t s  o f  th is  ion  on e a c h  side o f  t he  b ladder .  T h e  fluxes in nmo le s /100  m g  
b l a d d e r  p e r  rain were  for  H + 15.17 in MgZ+- f ree  m e d i u m ,  13.[4 in 1 m M  M g  z+ 

m e d i u m ;  and  fo r  N H 4  +, 3.16 and  3.47, r espec t ive ly .  T h e  m e a n  dif ferences  o f  2.03_+ 
4.54 for  H + exc re t ion ,  and  0.31 + 0 . 7 0  fo r  N H 4  + exc re t i on  ind ica tes  t h a t  the re  is no  
effect  o f  the  1 m M  M g  2+ on the  flux o f  e i t h e r  o f  these  ion  species. 

Varia t ion  in N a  + concen t ra t ion ,  m u c o s a l  m e d i a  

T h e  resul ts  o f  these  e x p e r i m e n t s  a re  s h o w n  in Fig.  1. T h e  h e m i b l a d d e r s  used 
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Fig. 1. Graph showing the effect of varying Na + concentration by choline substitution on the 
H + and NH4 + excretion. The serosal medium in each case was 2.0 ml of pooled plasma from 
metabolic acidotic toads. The mucosal medium was 2.0 ml of 22Na-labeled Na+-Ringer solution 
with the indicated amount of Na +. 1.0 mM and 4.0 mM Na + were run as paired hemibladders. 
Likewise 10.0 mM and 18.0 mM Na ÷ were run as paired hemibladders. The experiments at 
117.0 mM Na + were not run as paired hemibladders. Ten experiments were performed at each 
Na + concentration. The vertical bar represents 1 S.E. The average mucosal to serosal Na + 
flux+l S.E. in nmoles/100 mg bladder wet wt per rain at the various concentrations were as 
follows: 1 mM, 47.0+7.83; 4 raM, 114.0+10.7; 10 raM, 109.0+14.1; 18 raM, 127.0+19.9; 
!17 raM, 134.0+25.3. 

for 1, 4, 10, and 18 m M  Na ÷ concentra t ions  were paired as indicated and  were f rom 
the same shipment  of toads. The bladders used for the 117 m M  Na + concen t ra t ion  
experiment  were from a different sh ipment  of toads and were done three months  
later. It is noted that  the 1 m M  Na + concent ra t ion  in this series gave a greater in- 
h ib i t ion  of H + t ranspor t  than  the choline Ringer solut ion gave in the series reported 
in Table IV. The cause for this difference in results is no t  apparent .  

DISCUSSION 

Our  experiments with either C N -  or low 0 2 tensions demonst ra te  that  the 
H + excretion is l inked to aerobic metabol i sm of the cell. This lends further support  
to our  hypothesis that  H + excretion in the toad bladder  involves an active t ranspor t  
system. As ment ioned  previously in the C N -  experiments the presence of 5~}/o CO2 
atmosphere gave an extremely low H + excretion. This acidification could be regarded 
as the a m o u n t  due to diffusion of CO 2 from a high serosal med ium into the mucosal  
medium and subsequent  hydrat ion.  As can be seen this could account  for only abou t  
7% of the total  H + excretion observed in the paired hemibladders tha t  had received 
no C N - .  

It might  be argued that  lactic acid product ion  might  account  for some part  
of  the acidification observed in the mucosal  medium.  In  1959 Leaf et al) made a 
study of sodium t ranspor t  and respirat ion in the ur inary  bladder  of the toad. They 
found that  dur ing anaerobiosis  lactic acid product ion  was increased about  7-fold 
over the a m o u n t  produced dur ing aerobic metabol i sm in bladders from normal  
toads. They were further able to show that  the lactate ion distr ibuted asymmetr i -  
cally across the bladder  and accounted for the acidification observed in bo th  the 
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mucosal  and serosal  media  dur ing  anaerobios is .  We considered tha t  the  b ladder  
f rom acidio t ic  toads  might  be different than  f rom normal  toads,  and might  use lactic 
acid to acidify the urine, However ,  we concluded tha t  this  was not  the case since 
there  is increased lactic acid p roduc t ion  dur ing anaerobios is ,  but  there  was not  an 
increased acidif icat ion.  

Finn e t  al .  8 have demons t r a t ed  active t r anspor t  of  C I -  from the mucosal  to 
serosal  side in the toad  ur inary bladder .  Likewise, Gonza lez  e t  al .  9 have demons t r a t ed  
the  same t r anspor t  system in the tur t le  bladder .  It is possible  tha t  C l -  t r anspor t  might  
be coupled  in some way to tha t  of  H + t ranspor t .  The demons t r a t i on  tha t  H + and 
NH4 + excret ion both cont inue despi te  a vir tual  absence of  C1- in the system is 
s t rong evidence agains t  such coupled t ranspor t .  

The re la t ionship  between mucosal  Na  + concent ra t ion  and H + excret ion is 
not  clear. If one focuses on the da ta  in which chol ine is subs t i tu ted  for N a  +, and the 
Na  + concent ra t ion  is varied,  one concludes tha t  there  is an in te r re la t ionsh ip  between 
the two. The most  l ikely exp lana t ion  would  be the  effect of  mucosal  Na  + concen- 
t r a t ion  on Na  + reabsorp t ion ,  and  a l inkage o f  N a  + reabsorp t ion  with H + excret ion.  
When  one looks at  the results using a Na+- f ree  K + - R i n g e r  so lu t ion  as the  mucosal  
medium,  we see tha t  H + excret ion is inhibi ted ,  but  on the  o ther  hand the rate  of  
excret ion is still  abou t  60% of  the cont ro l  value. 

Similarly,  ami lor ide  inhibi ts  H + excret ion.  Since ami lor ide  blocks the entry  
of  Na  + into the epi the l ia l  cell ~° and thus inhibi ts  the N a  + pump,  this  suggests a 
l inkage  between Na  + reabsorp t ion  and H + excret ion.  Looking  at  the H + excret ion 
tha t  remains  in the  presence of  ami lor ide ,  though,  shows tha t  80% of  the H + excre t ion  
is not  blocked.  This 80°,/o excret ion is then e i ther  not  associa ted  with Na  + reab-  
sorp t ion ,  or  else is associa ted  with reabsorp t ion  which is not  blocked by ami lo-  
ride. 

If  one looks at  the Na+-f ree  Mg2+-Ringer  solut ion,  one finds a s t imula t ion  of  
H + excret ion.  This would indicate  tha t  H + excre t ion  is not  dependen t  on Na + 
reabsorp t ion .  

Ce~'tainly more  work  is indica ted  in this  area.  The fol lowing s ta tements  seem 
consis tent  with the da ta  present ly  avai lable .  (1) I f  H + excre t ion  is l inked with Na  + 
r eabso rp t ion  in the  toad  bladder ,  this  mechanism must  account  for only 20 -40% 
of  the  H + excre t ion  in the  ac id- loaded  toad ,  and some o the r  mechan i sm must  account  
for  the remainder .  (2) The combina t ion  of  chol ine subs t i tu t ion  and low N a  + con- 
cen t ra t ion  in the  mucosa l  med ium gives greater  inhib i t ion  of  H + excret ion than  does 
low N a  + concen t ra t ion  of  the  mucosa l  medium achieved by o ther  means.  

The reason tha t  NH4 + excre t ion  peaked  at  10 m M  Na  + concen t ra t ion  is 
interest ing.  This  f inding might  be of  significance in tha t  the sodium concent ra t ion  
of  urine is usual ly  low, thereby  a l lowing the NH4 + excre tory  system to opera te  at  
peak  capaci ty .  At  this Na + concen t ra t ion  N H 4  + would appea r  to be fol lowing the 
pa t t e rn  of  H + excret ion.  However ,  as the  mucosal  Na  + was increased the NH4 + 
excret ion fell. The reason for this is not  at  all  clear.  It has been shown tha t  high 
concent ra t ions  of  NH4 + salts  in the  mucosal  fluid will inhibi t  Na + t r anspor t  in the 
toad  b ladder  ~j. It seems possible  then tha t  there  might  be a reciprocal  re la t ionsh ip  
be tween NH4 + and N a + ;  high mucosal  Na  + inhib i t ing  Na + excretion.  Our  
findings leave open a very in teres t ing area,  the re la t ionsh ip  of  mucosal  Na  + to the  
excret ion of  H + and NH4 + for future  invest igat ions.  
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There was a wide variability observed between control groups with regards 
to H + excretion. It has been observed throughout this study that there was a varia- 
tion in control groups in both H + and NH4 + excretion. Various factors could be 
contributing to this variation. It is well known that animals collected in the field 
show more variation than inbred laboratory strains. In addition, amphibia are known 
to show marked seasonal variation. Also, the geographical source of the toad must 
be considered. 

Davis et al. 12 have observed that bladders of Bufo  mar inus  obtained from 
different geographical areas show different effects of aldosterone application on the 
Na ÷ transport system; hence, geographical area could be a contributing factor to 
the variability observed between control groups. 

We considered the possibility that the acidification might be due to micro- 
organisms on the bladder. This seems unlikely for the following reasons: (1) The 
mucosal side of the bladder was washed with fresh Ringer solution twice before 
each flux determination; (2) in a previous study I we reported that bladders from 
non-acidotic toads excreted H ÷ at a rate which was only 10% of that of bladders 
from acidotic toads; (3) in another study 3 we reported that acetazolamide will pro- 
duce a 50% inhibition of H ÷ excretion in the urinary bladder; (4) and 2 h is a very 
short time for a culture of organisms to show much metabolic activity at room 
temperature in a Ringer solution initially containing no glucose or other common 
substrates. 

In considering similarly whether microorganisms from the mucosal surface 
of the bladder might contribute to NH4 + production, we find that arguments 1 and 
4 given in the paragraph above apply. In addition, it is pointed out that the effect 
of changes in Na ÷ concentrations on NH4 + production reported in Fig. 1 of this 
paper are not consistent with NH4 + production by microorganisms. 

In summary, our data support the concept that H + excretion is an active 
transport system. The transport system is partly dependent on aerobic metabolism 
but can proceed at slower rates under conditions of low Oz tension. There is no 
evidence of coupling between C1- transport and H ÷ or NH4 + excretion. Mucosal 
Na + is important for 20-40% of H ÷ excretion. However, the exact role of mucosal 
Na + is not clear at this time. The results obtained with regard to the mechanism of 
NH4 + excretion are not as clear cut as with the H + excretion. 
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