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SUMMARY 

I. I n  viv0 and in vitro studies  on the u r ina ry  b ladder  of tile acidotic  toad  Bufo 
marinus were per formed to de te rmine  if the  b ladder  does excrete  H + and NH4~. 

~_. In in vivo studies  using acidot ic  toads  the  t i t r a t ab le  ac id i ty  produced  by  the 
b ladder  per se averaged  z3.8I  - 4.73 (S.E.) #moles /48 h. Tile NH4+ excret ion aver-  

aged 25.48 :t: 4 . I7/~moles/48 h. 
3- Evidence  suggests t ha t  the  u r ina ry  b ladder  is the pr incipal  organ for the  

produc t ion  of u r ina ry  t i t r a t ab l e  ac id i ty  in this species. The b ladder  con t r ibu t ion  to 
t o t a l  NH4+ excre t ion  amount s  to only a very  smal l  percent  of to ta l  excret ion.  

4- The in vitro excre t ion  ra te  of t i t r a t ab l e  ac id i ty  in b ladders  from acidot ic  toads  
was grea ter  than  in b ladders  from control  toads,  bu t  the  NH4+ excre t ion  was un- 
changed.  

5. In  vitro s tudies  with the b ladder  m o u n t e d  between 2-ml leucite chambers  
show tha t  the  excret ion ra te  of H + into the mucosal  medium is I6.95 ~ 3.38 nmoles /  
Ioo lng b ladder  per  min. The excret ion ra te  for NH4+ was found to average 4.o6 

o.78 nmoles / Ioo  mg b ladder  per  rain. 
6. Shor t -c i rcui t  current  (s.c.c.) s tudies  per formed on acidotic  toad  b ladders  

show tha t  ne i ther  H + or NH4+ excret ion are effected b y  abolishing the t r ans -b ladde r  
po ten t ia l  difference. This indicates  t ha t  H + excret ion in the  b ladder  m a y  be active.  

I N T R O D U C T I O N  

The toad  u r ina ry  b ladder  has several  funct ions analogous to the  d is ta l  nephron  
of the  m a m m a l i a n  kidney.  LEAr et al. 1 repor ted  tha t  the  t oad  b ladder  reabsorbs  Na  ÷. 
CRABBE 2 showed tha t  the  N a  + reabsorp t ion  in the  toad  b ladder  is s t inmla ted  b y  aldo-  
sterone.  The toad  b ladder  also serves as a reservoir  from which wa te r  can be re- 
abso rbed  in response to dehydra t ion .  The reabsorp t ion  is control led  by  vasopressin a, ~. 
IJl vivo studies repor ted  by  KALLUS AND VANATTA 5 indicate  t ha t  the  t oad  b l adde r  also 
excre tes  K +. 

A b b r e v i a t i o n s  : s . s .c . ,  s h o r t - c i r c u i t  c u r r e n t  ; P D ,  p o t e n t i a l  d i f f e r e n c e .  
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H + AND N H 4 +  EXCRETION BY TOAD BLADDER 21 

SCHILB AND BRODSKY 6 have reported that the urinary bladder of Pseudemys 
scripta acidifies the mucosal medium while transferring Na + and CI- from the mucosal 
to serosal fluid. They have shown that this acidification process is accomplished by 
active transport of HC03- from the mucosal to serosal medium. STEINMETZ 7 and 
STEINMETZ et al. 8 on the other hand have confirmed the acidification of the mueosal 
medium by the turtle bladder and have demonstrated that this acidification is due to 
active H + excretion and not HCO:~ reabsorption. 

The experiments reported here were performed to determine: (I) if the toad 
bladder excretes H + and NH4+; (2) if such secretion was increased by a metabolic 
acidosis; and (3) if the H* excretion is against an electrical chemical gradient bv 
using the short-circuiting technique. 

MATERIALS AND METHODS 

Bufo marinus of either sex were used in all experiments. The toads were supplied 
by Charles P. Chase of Miami, Fla. They are originally collected near Barranquilla, 
Colombia, South America. They were kept in deionized water without food from time 
of receipt until use. Toads used in the urine-collection experiments were placed in 
large plastic funnels which drained into beakers containing 5 ml of toluene. Their 
bladders were emptied by eatheterizing at the beginning of the experiment. At the 
end of the 48-h period the bladder was again emptied and the aliquot added to the 
urine specimen. If the urine specimen became contaminated with fecal material during 
the collection period, it was discarded. Specimens on each toad were collected about 
every 12 h and kept at 4 °. At the end of 48 h the specimens were pooled and the 
analyses performed. 

For purposes of this study an acidotic toad is designated as one receiving a 
standard load of five 8-ml doses of 12o mM NH4C1 by stomach tube over a 48-h 
period. Control toads received no such loading. Blood specimens were obtained at the 
time of sacrifice by cardiac puncture. CO 2 combining power was performed by the 
method of PETERS AND VAN SLYKE 9. All pH measurements were made on a Corning 
Model IO pH meter with an expanded scale using a Beckman combination electrode. 

In vivo experiments 
Toads were anesthetized by partial immersion in IO oo ethanop0. The bladder 

orifice entering the cloaca was visualized with the aid of a nasal speculum. The bladder 
was catheterized with polyethylene tubing, drained and washed 3 times with a 3 mM 
sodium phosphate buffered Ringer solution, pH 7.1o, that was HCOa- free. The 
solution contained in raM, in addition to 3 mM sodium phosphate, NaC1 114.o; 
KC1 3.0; CaC12 0.9.25 ml of this Ringer solution (mock urine) was then placed in the 
bladder and mixed thoroughly. A 5-ml aliquot was then removed for analysisand the 
bladder orifice was sutured closed using a running-lock suture and checked for leaks. 
This isolates the urinary bladder from the cloaca. 

The method of checking for leaks was to visually observe the sutured bladder 
orifice while pressing on the abdominal area over the bladder. If a leak was observed 
the toad was discarded. 

The anatomy of the toad's excretory system is different than that of the mam- 
mal in that the ureters open into the cloaca and not the urinary bladder. The bladder 
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22 L . W .  FRAZIER, j .  c. VANATTA 

then is an in vivo closed sac prepara t ion .  Each ure ter  was ca the ter ized  with poly-  
e thylene  tub ing  tha t  d ra ined  to the outside. This is an added  precaut ion against  
con tamina t ion  by  renal  urine. 

The toads  were allowed to recover  from the anesthet ic  and  were then loaded 
with NH4C1 solut ion to produce acidosis. At  the  end of 48 h the toads  were sacrificed 
and the b ladder  content  was removed and the volume recorded.  The mock urine was 
ana lyzed  for pH,  t i t r a t ab le  ac id i ty  and NH4+. The NH4+ was de te rmined  by  both  the 
fo rmaldehyde  t i t r a t ion  method  and Nessler izat ion n. The s t a n d a r d  devia t ion  of the  
difference between the two methods  was ± 3.6 %. 

In vitro e@erime~zts 
Acidot ic  toads  were sacrificed by  pithing.  The henri-bladders  were removed and 

m oun ted  between leucite chambers ,  each of which held 2 ml of the ind ica ted  ba th .  
Pooled p lasma  from acidotic  toads  was placed on the serosal side. In all exper iments  
except  6 - I o  given in Table  I I  the  p lasma  was frozen and then thawed  to e l iminate  
CO 2 in solution. In  Exp ts .  6-1o of Table  I I  the pooled p lasma  was fresh and was not  
frozen and thawed  before use. This plasma,  p H  7.3o, obvious ly  conta ined  some CO,, 
a l though no precaut ion  was taken  to guard  agains t  loss to the a tmosphere .  A 1.5 mM 
phospha te  Ringer  solution, pH 6.85, was placed on the nmcosal  side. The concentra-  
t ion of e lectrolytes  was the same as in the in vivo exper iments  except  for the  reduct ion 
in the  concent ra t ion  of phospha te  buffer. Ioo % O2 was bubbled  th rough  the mucosal  
med ium th roughou t  the  exper iment .  At  the  end of the flux per iod wet weight was 
ob ta ined  on the b ladders  and  NH4+ and p H  was de te rmined  on the mucosal  and  sero- 
sal medium.  Using the Henderson--Hasselbalch equat ion  12 and the molar  concentra-  
t ion of phospha te  buffer the amoun t  of H + added  to the nmcosal  medium could be 
calculated.  The NH4 + was de te rmined  by  a modif icat ion of the method  of CHANI~¥ 
AND MARBACH la using a Bausch and Lomb Spectronic 2o. 

The shor t -c i rcui t  current  (s.c.c.) technique was a modificat ion of the  method  
descr ibed by  USSTN(; ?,Y> ZV, T{AHN H. Both  the nmcosal  and  serosal chambers  con- 
t a ined  2 ml of the respect ive  solutions.  The cross-sectional  a rea  of each chamber  was 
r.q8 cm 2. The mucosal  solut ion was the same as given above  except  the  phospha te  
buffer was reduced to o.0 raM. The serosal solut ion was pooled p lasma from acidot ic  
toads.  Agar  bridges were p repared  by  adding  2 % agar  to the 0.6 mM phospha te  
buffer. This was done to minimize p H  changes associated with current  flow. Poten t ia l  
differences (PD) were measured  using calomel electrodes immersed  in Ringer  solut ion 
with agar  bridges between the electrode ba th  and incubat ion  chambers .  A s y m m e t r y  
of the  electrodes and bridges was checked before and af ter  each exper iment  and  was 
less than  I.O 111\ 7. Membrane  potent ia ls  were measured  on a Kei th lev  Model 6 ioB  
e lec t rometer .  S.c.c. measurements  were made with a d i rec t -cur ren t  micro-amnmter ,  
having  a full scale reading  of ioo  l~A. 

The H + and NH4+ nmcosal  secretion was measured  over  two consecutive 6o-min 
periods in each bladder .  Seven bladders  were ma in t a ined  in the  open-c i rcui ted  s ta te  
dur ing  the first per iod followed b y  shor t -c i rcui t ing in the  second per iod (Series A). 
Six b ladders  were shor t -c i rcui ted  in the  first per iod followed by  the open-ci rcui ted  
per iod (Series B). The PD was recorded every  5 min dur ing the open-ci rcui ted  s ta te  
and  the values averaged  over  the  6o-min period.  S.c.c. was ma in ta ined  cont inuous ly  
th roughou t  the  shor t -c i rcui ted  per iod and readings recorded every 5 min and aver-  
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H + A N D  NH4+ E X C R E T I O N  BY T O A D  B L A D D E R  "2. 3 

aged for the 6o-min period. S.c.c. was calculated as net Na + flux and reported as 
nmoles/Ioo mg bladder per min. 

It was found by using an inert membrane with o.6 mM phosphate Ringer 
solution in both chambers and a s.c.c, of 12oo/~A-min that there was a slight but 
consistant alkalization of the mucosal medium (o.o4 pH unit). This current was the 
average current that was required to maintain the bladder in a short-circuited state 
over a 6o-min period. In the calculation of the H + flux, the observed flux was corrected 
for the effect of H + wtfich the above pH change represents. This was an increase in 
H + flux over the observed flux of about 3o %. 

R E S U L T S  

Effect of loading toads with NH4Cl 
Tile CO2 combining power was determined on ten normal toads and found to 

be 2o.1 _L Lo (S.E.) mM. In a series of ten toads which had received a standard load 
of NH4C1 by stomach tube, the C02 combining power was 6. 9 ± 0.97 raM. This 
method of loading did produce a marked metabolic acidosis. 

Excretion of titratable acidity and ammonia by acidotic toads 
Total urinary (bladder and renal) excretion of titratable acidity and NH4+ 

were determined on a group of ten acidotic toads. Urine pH ranged from 5.32 to 
7.2o. Titratable acidity averaged 24.1 ± 3.8o /~moles/48 h period. NH4+ excretion 
was found to be 371.o ~ 49.9/~moles/48 h period. 

In vivo excretion of titratable acidity and NH4 + by the toad bladder 
In Table I are reported the pH of the mock urine and the H + and NH4+ excre- 

tion by the bladder. It is evident by comparing the values from Table I with the total 
H + and NH4+ excretion reported above, that during acidosis the bladder contributes 

T A B L E  I 

In vivo EXCRETION OF n + AND ~ H 4 +  BY TIIE URINARY BLADDER OF THE ACIDOTIC TOAD 

T h e  p r e o p e r a t i v e  p H  m e a s u r e n a e n t  w a s  m a d e  on  an a l i q u o t  r e n l o v e d  j u s t  b e f o r e  t h e  b l a d d e r  or i f ice  
w a s  s u t u r e d  c l o s ed .  

Toad Preoperative Postoperative Vol. * of H ~ NH4+ 
p H  p H  " m o c k "  urine (titratable acidity) (llmoles/48 h) 

recovered (f~moles/48 h) 

A 7.05 5.65 19.o 37.5 ° 18.3o 
B 7.12 4.00 i2 .o  28.1o i 3 . i o  
(2 7.00 5.92 16. 5 3.39 49.5 ° 
D 7.05 6.49 21. 5 14.4 o 28.30 
E 7.15 5.31 7.8 I4 .7  ° I3 .6o  
F 6.92 4.65 13. 5 32.4 ° 35.60 
G 7.00 5.20 21.4 46.00 23.5 o 
H 7- io  5.9 ° i i .0 I9 .3 o 32.9 ° 
I 6.99 5.5 ° 19.6 38.80 33.9 ° 
J 7-05 4.97 2-4 3.54 6.17 

Mean -z S .E.  23.81 • 4.73 25.48 -~ 4.13 

* V o l u m e  of  m o c k  u r in e  r e m a i n i n g  in e a c h  b l a d d e r  a t  t h e  b e g i n n i n g  o f  t h e  e x p e r i m e n t  w a s  
20 m l  e x c e p t  f or  T o a d  J w h i c h  c o n t a i n e d  o n l y  15 ml .  
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24 L . W .  FRAZIER, J. C. VANATTA 

a s  m u c h  a s  9 5 - 1 0 0  % of  t h e  t o t a l  t i t r a t a b l e  a c i d i t y .  T h e  N H 4 +  e x c r e t i o n  c o n -  

t r i b u t e d  b y  t i l e  b l a d d e r  w a s  o n l y  6 -  7 % of  t h e  t o t a l  e x c r e t i o n .  

A l s o  s h o w n  in  T a b l e  I a r e  t i l e  v o l u m e s  o f  m o c k  u r i n e  r e c o v e r e d .  I n  e i g h t  of  t i l e  

t e n  t o a d s  t h e r e  w a s  g o o d  r e c o v e r y  o f  m o c k  u r i n e ,  a l l o w i n g  fo r  s o m e  w a t e r  r e a b s o r p -  

t i o n .  I n  T o a d s  E a n d  J t i l e  s m a l l  v o l u m e  r e c o v e r e d  is  p r o b a b l y  d u e  t o  a s l o w  l e a k  f r o m  

t h e  b l a d d e r ,  w i t h  o r  w i t h o u t  w a t e r  r e a b s o r p t i o n .  T h e  v a l u e s  o f  t i t r a t a b l e  a c i d i t y  a n d  

N H 4 +  of  t h e s e  t w o  t o a d s  a r e  t h e n  l o w e r  t h a n  w o u l d  be  e x p e c t e d  d u e  t o  t h e  s l o w  l e a k  

o f  b u f f e r .  V a l u e s  fo r  t h e s e  t w o  t o a d s  w e r e  i n c l u d e d  b e c a u s e  in  t h i s  e x p e r i m e n t  we  

w e r e  p r i m a r i l y  c o n c e r n e d  w i t h  d e m o n s t r a t i n g  t h e  a b i l i t y  o f  t h e  b l a d d e r  per se to  

a c i d i f y  t h e  m o c k  u r i n e  in  v ivo a n d  n o t  w i t h  q u a n t i t a t i o n .  

IJl vitro excretion rate o f  H + and  N H 4 *  in the toad bladder 

I n  T a b l e  [ [  a r e  r e p o r t e d  t h e  r a t e s  of  e x c r e t i o n  o f  H + a n d  N H 4 +  i n t o  t h e  n m c o s a l  

T A B L E  I1 

i1~ vitro E X C R E T I O N  R A T E S  OF U ~ A N D  N H 4 t  IN T H E  U R I N A R Y  B L A D D E R  FROM A C I D O T I C  TOADS 

W I T H  P L A S M A  ON T H E  S E R O S A L  S I D E  

P l a s m a  fronl acidotic t oads  was the  serosal  media .  The  init ial  p H  was 8.03 in Exp t s .  1- 5, and  
7.3 o in F, xpts .  6 - i o .  The  mucosa l  m e d i u m  was 2 ml of p h o s p h a t e  Ringer  so lu t ion ,  pH  6.85 in 
all expe r imen t s .  The  initial NH4+ concen t r a t i on  in the  serosal  m e d i u m  was  3o.9 n m o l e s / m l  in 
Exp t s .  I -  5 and  24.o nmo l e s / ml  in Exp ts .  6-1o.  The  initial NH4+ concen t r a t i on  of t he  mucosa l  
m e d i u m  was zero. The  excre t ion  rate  was measu red  over  12o min.  

Nample* Final Final N H ,  ~ Mucosal H Mucosal NH~ ~ 
pH concn, excretion excretion 

(nmoles/ml) (nmoles/Ioo mg (nmoles/loo mg 
bladder** per rain) bladder** per rain) 

tM 6.75 49.7 19.7 ° to.3o 
IS 8.07 38.6 -- 

2M 6.77 64.8 4.85 4.22 
2S 8.06 47.2 - 

3 M 6.77 48.4 4.65 2.94 
3S 8.03 lO-7 - -  --- 

4 M 6.69 71.3 5.12 2.48 
4 S 8.02 248.0*** - -  - -  

5IV[ 6.78 29. 7 7.56 3.13 
5S 8.03 88.8 - 

6M 6.38 26. 7 32.60 1.88 
6S 7.3 ° 56.9 - -  - -  

7 M 6.44 52.2 20.40 2.92 
7 S 7.28 30.4 . __ 

8M 6.6o 28.o 3o.3 ° 3.38 
8S 7.48 17.9 - -  --  

9 M 6.53 71.8 24.20 6.19 
9S 7.60 17.9 

toM 6.64 32 .2 2o. lo  3.16 
1oS 7.65 23.1 - -  - -  

Mean ± S.E. 16.95 ~ 3.38 4.06 ~ 0.78 

* M -- mucosa l  m e d i u m ;  S -- serosal  m e d i u m .  
* * ioo m g  b ladder  is expressed  as wet  weight .  

* * *  Since bo th  the  mucosa l  and  serosal  NH4+ va lues  were h igh  on single d e t e r m i n a t i o n s  th~ 
b ladder  was  p robab ly  a h i gh  N H  a producer ,  however ,  ana ly t ica l  er ror  c a n n o t  be excluded.  The 
m i n i m a l  serosal  plrI change  is p robab l y  assoc ia ted  wi th  increased g lu t amic  acid forn,  a t ion.  

Bioahim. Biophys. Acta, 241 (197I) 20-29 



H + AND NH4 + E X C R E T I O N  BY TOAD B L A D D E R  25 

med ium by  the b ladder .  Also shown are the  p H  values and NH4+ concent ra t ion  of 
both  the  serosal and  mucosal  medium.  I t  can be seen t ha t  in each case there  was an 
acidif icat ion of the  mucosa l  medium.  NH4+ concent ra t ion  increased in all the  mucosal  
samples  and in six of the  ten serosal samples.  

A series of control  b ladders  were also performed.  The b ladders  and pooled p la sma  
of the control  series were from normal  non- loaded toads.  In  eight  of the ten control  
b ladders ,  there  was no H ÷ excret ion into the mucosal  medium.  The average H + 
excre t ion  in the  IO b ladders  was 2.oo ± 1.79 nmoles / ioo  mg b ladder  per  rain. The 
difference between the acidot ic  b ladders  and  the control  b ladders  was significant 
( P  < o.oo5). NH4+ excret ion in the control  b ladders  was 6.19 J_ 1.75 nmoles / Ioo  mg 
b ladder  per  min. This was not  s ignif icant ly different  from the acidotic  b ladders  
(P  > o. io) .  

I n T a b l e  I I I  are r epor ted  the  values of net  excret ion of H + and NH4+ by  the 

T A B L E  I [ I  

In  uityo E X C R E T I O N  R A T E S  O F  g + A N D  N H 4  + I N  T H E  U R I N A R Y  B L A D D E R  F R O M  A C I D O T I C  T O A D S  

V ¢ I T H  R I N G E R  S O L U T I O N  ON B O T H  S U R F A C E S  

ha i t i a l ly  t h e  n lucosa l  a n d  se rosa l  m e d i u m  w e r e  b o t h  p H  7.o5. T h e  in i t i a l  NH4+  c o n c e n t r a t i o n  in 
t h e  m u c o s a l  n l e d i u m  w a s  ze ro  a n d  in t h e  se rosa l  u l e d i u m  it was  8.5 n m o l e s / m l .  T h e  m u c o s a l  
m e d i u m  in e a c h  e x p e r i m e n t  w a s  2 tnl of  p h o s p h a t e  R i n g e r  so lu t ion .  T h e  se rosa l  n l e d i u m  c o n t a i n e d  
o . 6 i  nlM L - g l u t a m i n e  in t h e  p h o s p h a t e  R i n g e r  so lu t ion .  T h e  e x c r e t i o n  r a t e  w a s  m e a s u r e d  o v e r  
120 rain.  

Sample* F ina l  F ina l  N H  4+ 3lucosal  H ~ Mucosal  N H  a+ 
p H conch, excretion excretion 

(nmoles/ml) (nmoles/±oo mg (nmoles/Ioo mg 
bladder** per rain) bladder** per rain) 

13I 6.81 7.7 25.23 I.OO 
IS 7 . I I  25.8 - -  - -  

2M 6.85 6. 7 16.82 0.72 
28 7.15 32.8 ---  - -  

3 M 6.81 I5.  7 42.04 1.7o 
38  7 . r6  35-5 - - -  

43I  6.80 5-9 31-oo o.9o 
4 S 7- I7  3o.1 

5 M 6.9 ° 4.0 38.Ol 1.3t 
58 7.11 23.0 - -  - -  

6M 6.94 4.4 I5 .66  0.84 
68  7.05 32. I - -  - -  

7 M 6.70 I24 .o  I3 .2o  2.6I  
7 S 7.68 I I 8 .  5 - -  _ _  

8M 6.78 79.7 9.2 t 1.58 
88  7.20 87. 9 - -  - -  

9M 6-95 25.6 4.71 0.80 
98  7.1o 43.2 -- - -  

io3I  6.78 44.4 7.91 0.75 
lOS 7.20 64. 4 - -  - -  

]VIean ± S .E .  20.38 ~ 4.12 1.22 i o .19  

* M = m u c o s a l  m e d i u m ;  S = sexosal  m e d i u m .  
*" ioo  m g  b l a d d e r  is e x p r e s s e d  as  w e t  w e i g h t .  

Biochim.  Biophys .  Acta,  241 (1971) 2 o - 2 9  
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b l a d d e r  in to  t he  m u c o s a l  m e d i u m .  R i n g e r  so lu t ion  was  used  on the  serosa l  s ide in 

o r d e r  to  r e d u c e  t h e  c o n c e n t r a t i o n  g r a d i e n t  of NH4+ across  t h e  b l adde r ,  which  ex i s t ed  

w h e n  p l a s m a  was  used.  L - G l u t a m i n e  was  a d d e d  as a p r e c u r s o r  for N H  a f o r m a t i o n  ~.  

In each  case t h e r e  was  an ac id i f i ca t ion  of t he  n m c o s a l  m e d i u m .  NH4+ c o n c e n t r a t i o n  

was  f o u n d  to  inc rease  in b o t h  the  m u c o s a l  a n d  serosal  samples .  T h e  ave rage  H~ 

e x c r e t i o n  in t h e s e  b l a d d e r s  was  s l igh t ly  b u t  no t  s ign i f i can t ly  h igher  t h a n  in t h o s e  

wh ich  h a d  poo led  p l a s m a  on t h e  serosal  s ide (P  > o.5o ). The  av e rag e  N H (  e x c r e t i o n  

in t h e s e  b l a d d e r s  was  s ign i f i can t ly  lower  (P  < o .oI) .  Since the  serosal  m e d i u l n  con-  

t a i n e d  a k n o w n  v o l u m e  a n d  c o n c e n t r a t i o n  of buffer ,  in th is  e x p e r i m e n t ,  t he  a m o u n t  

of a lka l i za t ion  was  c a l c u l a t e d  as base  e x c r e t e d  in to  t he  serosa l  m e d i u m .  The  a v e r a g e  

e x c r e t i o n  of base  was  7.46 !: 2.o5 n m o l e s / I o o  m g  b l a d d e r  per  min,  wh ich  was  signi-  

f i can t ly  lower  t h a n  the  H + e x c r e t i o n  in to  t he  n m c o s a l  i n ed i u m (P  < o.o5). 

S.c.c, e x p e r i m e n t s  were  p e r f o r m e d  to  d e t e r m i n e  if H + is e x c r e t e d  in to  t he  n m -  

cosal  m e d i u m  in r e s p o n s e  t{} t h e  t r a n s - b l a d d e r  PD.  Tab le  IV shows  t h e  resu l t s  of 

t h e s e  e x p e r i m e n t s .  I t  can be seen  t h a t  H + exc re t i on  was  no t  r e d u c e d  by' abo l i sh ing  the  

t r a n s - b l a d d e r  P D  a n d  was  in fac t  s l igh t ly  h igher  in t he  s.c.c, s t a t e  (P  < o.o25). 

TABLE IX: 

T H E  E F F E C T  O F  S . C . C .  O N  1~{ : A N D  NH~ E X C R E T [ O N  RAT~ES O F  T H E  U R I N A R Y  B L A D D E R  F R O M  

A C I D O T I C  T O A D S  

The mucosal medium was 2.o hal of o.0 mM phosphate buffered Ringer sohition. The serosal 
solution was 2.o ml of pooled plasnla Iron1 acidotic toads. "fhe initial pH of the mucosal medium 
was 6.7o and that  of the serosal medmm was 7.97. in Series A experinlents the bladder was 
maintained in the open-circuited state for the first hour flux period followed 1)v a t-h flux period 
in the short-circuited state. In Series B experinlents the pr(,cedure was reversed s.c.c, was applied 
first followed by the open-circuited state. S.c.c. measuremeuts were expressed as net Na- flux 
and averaged 15i L 18 nmoles/ioo nlg bladder per rain. 

Expt .  Mucosal H~ excretion Mucosal N H  4 ' cxcrcti(m P1) * * 

(nmoles/roo mg bladder* per rain)-- (nmoh!s/roo mg bladder" per rain) {mI'} 
Open-circuited 5.c.c. Open-circuited S.c.c. 

Series .4 
l 

2 

3 
4 
5 
0 

7 

Series 13 
1 

2 

3 
4 
5 
6 

Mean  ± S .E.  

1 o . 2  [ 0 . 9  ; . 7  o i . o 3  s.4 
lo.o 13.0 4.37 3 .06 15.9 
20.8 17.1 4.99 7-77 9.9 
14. 4 17.3 2.97 2.o2 34.5 
I4.o 2~.] 1.72 2.08 33.8 
I9' 7 I9"0 3 .02 2"48 43.9 
15.6 I8.6 1.55 1.44 I4.1 

21.4 21-4 [.55 2-17 J3." 
lo. 9 13 .o 2-9 ° 3.47 24-~) 
9.8 9.0 2.24 2.81 54.5 
5.4 8.1 2.69 3.79 27.9 

I9.O 21. 9 2.07 2.38 21. 5 
22.4 27.6 5.85 3.93 5-8 

14.9 ; 1.5 16.8 i 1.0 2.89 A: 0-38 2.90 :: 0.47 
P -< o.o25*** P > o .45 ' ' *  

IOO mg bladder is expressed as wet weight. 
* * PD is the average reading over the i-h period in which the bladder was open-circuited. 

* * * Calculated from mean difference. 
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Al though the H + excret ion is s t a t i s t i ca l ly  different  the  reason is not  immed ia t e ly  
obvious.  The increase seen dur ing  s.c.c, is of abou t  the  same magn i tude  as the  cor- 
rect ion factor  appl ied  for cur rent  flow and for this  reason we are not  considering it 
to be of physiological  impor tance .  NH4 + excre t ion  was found not  to be effected by  the 
appl ica t ion  of s.c.c. (P > 0.45). A correlat ion coefficient was also de te rmined  between 
the H -  excret ion and the t r ans -b ladde r  PD dur ing  the open-ci rcui ted  s ta te  (r 
- -  o.319). There was no not iceable  effect on H + or NH4+ excret ion caused by  passage 
of t ime.  The sequence of app ly ing  s.c.c, was also found not  to have an effect on the  
excre t ion  rates.  This is evidenced by  s imilar  pa t t e rns  of response in both A and B 
series of exper iments .  

DISCUSSION 

The resul ts  of both  in vivo and i~ vitro exper iments  show tha t  t i le t oad  u r ina ry  
b ladder  excretes  H + and NH4+ when the toad  is in a metabol ic  acidosis. This is ano ther  
funct ion of the  toad  u r ina ry  b ladder  which is analogous to the m a m m a l i a n  dis ta l  
nephron.  

When  compar ing  the results  from tile in vivo studies  with those of to ta l  excre t ion  
ra tes  it  becomes obvious t ha t  the  b ladder  is an i m p o r t a n t  physiological  organ for the  
excre t ion  of H + as t i t r a t ab l e  ac idi ty .  I t  appears  from these studies t ha t  the  u r ina ry  
b ladder  is the ma jo r  organ for excre t ing  t i t r a t ab l e  ac id i ty  in the  acidot ic  toad.  

In this  paper  we have considered H + t r anspor t  as being measured  by  t i t r a t ab le  
ac id i ty  alone. If NH4+ excret iou in the toad  is en t i re ly  b y  NH a diffusion across cell 
membranes  into the urine, or mucosal  medium,  then the react ion NH a + H+--~ NH~ + 
represents  an error  in this  assumpt ion,  and  to ta l  H + excret ion should be the  sum of 
t i t r a t ab l e  ac id i ty  and NH4 + excret ion.  

In  the  i,, vitro exper iments  the  NH4÷ product ion  is a small  f ract ion of the H + 
as measured  by  t i t r a t ab le  acidi ty ,  and  whether  i t  is or is not  inc luded in ca lcula t ing  
to ta l  H + product ion  does not  a l ter  any  of the  conclusions presented.  

In the  i~, vivo exper iments  the quest ion arises as to the  role of the  k idney  in H + 
product ion .  I t  cannot  be de t e rmined  from this s t u d y  jus t  wha t  the  role of the  k idney  
is in acidif icat ion of the urine. The k idney  obvious ly  p lays  an i m p o r t a n t  pa r t  in the  
conservat ion  of Na ÷ by  NH4 + product ion.  W h e t h e r  it  can a l ter  the p H  of the  urine 
has not  been de te rmined .  I t  is ev ident  t ha t  the b ladder  can account  for the  ma jo r  
change  in tile p H  of t i le urine. 

Expe r imen t a l  evidence also shows the b ladder  is a con t r ibu to r  to to ta l  NH4 ÷ 
excre t ion  a l though to a much lesser ex ten t  than  H + excret ion.  The fact t ha t  the  NH4+ 
excre t ion  ra te  does not  increase in metabol ic  acidosis is surprising.  I t  is possible tha t  
our control  toads  are in a mild s t a rva t ion  acidosis and  are s t imula ted  to m a x i m u m  
NH4+ product ion  by  tl le b ladder ,  bu t  not  to m a x i m u m  H + excret ion.  

I t  was no ted  in Table  I I  t ha t  NH4+ concent ra t ion  increased in bo th  tile mucosal  
and  serosal medium.  This would indicate  tha t  the b ladder  is producing  NH4 + dur ing  
metabol ic  acidosis. Because of the NH4+ excret ion rates  found in the  control  toads  
a n o t h e r  poss ib i l i ty  mus t  exist .  Tile b l adder  could conta in  a cer ta in  cellular  level of 
NH4-- which could diffuse out  of the  cell as NHa dur ing in vitro prepara t ions .  This  
poss ib i l i ty  has not  been eva lua ted  in this  s tudy .  

In  Table  I I  it  can be seen tha t  there  were var ied  changes in the  serosal p H  
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values in Exp ts .  6 - Io .  As ment ioned  previous ly  in ti le methods  section, the p lasma  
used in these exper iments  was not  frozen and thawed  before use. This p lasma  ob- 
v iously  conta ined  some CO 2 and the serosal pH changes in Exp ts .  6-IO are meaningless  
These p H  values p robab ly  represent  main ly  CO~ loss to the  a tmosphere .  

There  can be no meaningful  in te rp re ta t ion  of pH changes in the mucosal  me- 
diuln as compared  with the  serosal med ium because the ionic s t reng th  of the  p lasma 
buffers on the serosal side was grea ter  t han  in the mucosal  side. Since it was the pur-  
pose of this  exper iment  to es tabl ish an in vitro method  for s tudy ing  acidification of 
the  ur ine by the toad  b ladder ,  the  n ice ty  of quan t i t a t i ng  the  serosal pH change was 
not  a par t  of the  design of the exper iments .  

I t  is also noted  in Table  II  t ha t  the  mucosal  H + excret ion was higher in Expts ,  
0-IO, than  it was in Expts .  1-  5. This could be due to the fact t ha t  in Expts .  1-  5 the 
H + excre t ion  was agains t  a much grea ter  t ranscel lu lar  p H  grad ien t  than  in Expts .  
6-1o. Since i t  was assumed tha t  CO,, was present  in the serosal medium of Exp ts .  0-IO 
the poss ib i l i ty  mus t  be considered t ha t  CO2 is con t r ibu t ing  to the mucosal  H + ex- 
cret ion.  However ,  since the  mucosal  H= excret ion in the  exper iments  given in Table 
I I I  were of the same magni tude  and this sys tem conta ined  no exogenous CO o or 
HCOa this poss ib i l i ty  seems unlikely.  

I t  is possible tha t  the metabol ic  (;O~ produced  by  the toad  b ladder  cont r ibu tes  
to H + excret ion.  This  could occur by  e i ther  supply ing  in t race l lu la r  H* from H.,CO:~ 
to be t r anspor ted ,  or by  diffusion of or format ion  of H2CO a in the  mucosal  medium 
and  the subsequent  reabsorp t ion  of b icarbonate .  Act ive  reabsorp t ion  of H('O:~ 
has been r epor t ed  in the  tu r t le  b ladder  by  SCHILB AND BRODSKV 6. To eva lua te  the 
role of metabol ic  CO2, the r e sp i r a to ry  quot ien t  of the toad  b ladder  was assumed to 
be I.O and the m a x i m u m  O2 consumpt ion  repor ted  in the  l i t e ra ture  was used la. A 
ca lcula t ion  then reveals  t ha t  the  m a x i n m m  amoun t  of H -  tha t  could be ob ta ined  via 
CO,, p roduc t ion  would be a p p r o x i m a t e l y  12.5 nmoles / ioo  mg b ladder  per  rain. We 
found an excre t ion  ra te  of 16.95 nmoles / Ioo  mg b ladder  per  min. I t  is appa ren t  then 
t h a t  if CO,, product ion  is involved in H + excret ion then ano ther  mechanisn~ mus t  
also be operat ive .  The purpose  of the  present  s t u d y  was not  to invest igate  the cel lular  
mechanisnls  of H + excret ion and therefore  the poss ib i l i ty  of endogeneous CO O having  
a par t  in this  mus t  awai t  fur ther  inves t igat ion.  

I t  should be no ted  in Table  I I ,  Sample  4S, t ha t  there  was a large increase in 
NH4+ with a change in p H  of only - o . o I  unit.  Pa r t  of this  difference could be expla ined 
if the  g lu tamic  acid formed from g lu tamine  accumula ted  select ively in the  serosal 
medium,  bu t  this  would not  expla in  it ent irely.  I t  is also no ted  tha t  NH4+ accunmla ted  
more in the  serosal  m e d i u m  than  in the  mucosal  med ium in three out  of ten cases 
in Table  I I  and  eight  out  of ten cases in Table  I I I .  This seems in cont rad ic t ion  to the 
mechanism of N H  a diffusion down a pH grad ien t  and  ionic t r app ing  of the NH4+ 
across a select ively permeable  membrane  as proposed  by  JACOBSIL These cur ren t  
findings would indicate  a need to eva lua te  fur ther  the  mechanism of NH:~ or NH4= 
movemen t  in the toad  bladder .  

In  Table  I I I  it  can be seen tha t  the NHa+ excret ion ra te  was lower with Ringer  
solut ion than  when p la sma  was used on the serosal side (Table II) .  Since the  Ringer  
solut ion conta ined  an amoun t  of g lu tamine  s imilar  to tha t  found in o ther  amph ib i a  15, 
this suggests  t ha t  there  is someth ing  o ther  than  g lu tamine  in the p lasma which con- 
t r ibu tes  to NH4+ format ion.  
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In  t h e  s.c.c, e x p e r i m e n t s  p o o l e d  p l a s m a  w as  u s e d  on  t h e  se rosa l  s ide  b e c a u s e  t h e  

a v e r a g e  e x c r e t i o n  r a t e  of N H 4  + w as  s i g n i f i c a n t l y  h i g h e r  t h a n  w h e n  R i n g e r  s o l u t i o n  

was  used .  T h e  H + c o n c e n t r a t i o n  a c h i e v e d  in t h e  n m c o s a l  m e d i u m  r a n g e d  f r o m  13 to  I5 

t i m e s  t h a t  of t h e  se rosa l  m e d i u m  a t  t h e  e n d  of t h e  f lux per iod .  T h i s  t h e n  c o n f i r m s  t h a t  

t h e  H + e x c r e t i o n  w as  a g a i n s t  a n  e l e c t r o c h e m i c a l  g r a d i e n t  a n d  sugges t s  t h a t  i t  is an  

a c t i v e  process .  S ince  t h e  n m c o s a l  m e d i u m  was  b i c a r b o n a t e  f ree  t h e  c h a n g e  in p H  

n m s t  be  b v  H + e x c r e t i o n  a n d  n o t  b y  HCO:~ r e a b s o r p t i o n  as in t h e  case  of t h e  t u r t l e  

b l a d d e r  r e p o r t e d  b v  SCHILB AND BROI)SKY 6. 

STEINMETZ 7 a n d  STEINMETZ e/ al. 8 h a v e  r e p o r t e d ,  on  e x p e r i m e n t s  p e r f o r m e d  in 

t h e  a b s e n c e  of e x o g e n o u s  CO,, a n d  HCO:; t h a t  H + e x c r e t i o n  occu r s  w h e n  t h e  s p o n -  

t a n e o u s  P D  is a b o l i s h e d  b y  s.c.c. F i n d i n g s  in t h e i r  s.c.c, e x p e r i m e n t s  are  s i m i l a r  to  

w h a t  we h a v e  f o u n d  in t h e  ac ido t i c  t o a d  b l a d d e r .  In  a d d i t i o n ,  we h a v e  s h o w n  t h a t  t h e  

t o a d  b l a d d e r  e x c r e t e s  a g r e a t e r  a m o u n t  of H *  in r e s p o n s e  to  a m e t a b o l i c  ac idos i s  a n d  

is a lso c a p a b l e  of e x c r e t i n g  NH4+.  

I t  is i n t e r e s t i n g  to  s p e c u l a t e  on  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  r e s u l t s  r e p o r t e d  

he re  a n d  t h o s e  r e p o r t e d  b v  LEAF et al. as. T h e y  r e p o r t e d  t h a t  N a  ~ t r a n s p o r t  in t h e  t o a d  

b l a d d e r  is s t i m u l a t e d  b y  a c i d i f i c a t i o n  of t h e  m u c o s a l  m e d i u m .  O u r  f i nd ings  in co r re l a -  

t i o n  w i t h  t h e i r s  s u g g e s t  t h a t  t h e r e  is a p h y s i o l o g i c a l  r e i n f o r c i n g  m e c h a n i s m  w h e r e b y  

t h e  t o a d  d u r i n g  m e t a b o l i c  ac idos i s  c o n s e r v e s  m o r e  N a  +. 

T h e  u r i n a r y  b l a d d e r  of t h e  t o a d ,  h a v i n g  t h e s e  t w o  e x c r e t o r y  f u n c t i o n s ,  c an  

s e rve  as  a h i s t o l o g i c a l l y  s i m p l e r  s t r u c t u r e  in w h i c h  to  s t u d y  H + a n d  NH4+  e x c r e t i o n  

a t  t h e  ce l lu l a r  l eveh  
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