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SUMMARY 

Isolated bladders of Pseudemys turtles, interposed between choline sulfate 
Ringer solution on the mucosa and choline sulfate Ringer solution with HC03- 
(2o mM) on the serosa were short-circuited in a chamber. Mucosal concentration of 
HCO 3- was varied from o.2 to 2o mM in the presence and in the absence of acetazol- 
amide. 

Both in the presence and in the absence of acetazolamide, spontaneous trans- 
bladder potential and short-circuiting current (18c) increased with increasing mucosal 
I-ICO 3- concentration. When 1Be was plotted as a function of mucosal HCO 8- con- 
centration, it exhibited Michaelis-Menten-like characteristics. 

In the absence of acetazolamide, the saturation current and half maximal con- 
centration of mucosal HCO 3- were 1.98 mA/g dry tissue and 2. 4 mM HC03- , respec- 
tively. In the presence of o.I mM acetazolamide, they were o.37 mA/g dry tissue and 
3.15 mM HCOa-, and in the presence of 0.2 mM acetazolamide they were 0.24 mA/g 
dry tissue and 3.89 mM HC03-. 

The changes in the half maximal concentration of mucosal I-ICO 8- were not 
significant. Hence, acetazolamide appears to inhibit HHCO 8- transport in a manner 
analogous to noncompetitive inhibibition. Data further indicate that  the inhibition 
of HCO 3- transport by acetazolamide is reversible. 

Analysis of data from experiments carried out in the absence of acetazolamide 
suggest the existence of a second HC03- transport process having a saturation current 
of 1.13 mA/g dry tissue and a half maximal concentration of o.17 mM HC03- in the 
mucosal fluid. 

INTRODUCTION 

I t  has been established by this laboratory that  the urinary bladder of the turtle, 
interposed between HCOs--containing Ringer solutions, transport HCO 3- per se from 
mucosal to serosal fuid. This transport process results in acidification of the mucosal 
fluid and alkalinization of serosal fluid 1, 3. 

This laboratory and others1, 8 have reported the acidification of HCOs--free 
mucosal fluids. When bladder sacs were filled with HCOa--free mucosal fluid, the 
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mucosa] fluid was acidified by  accumulation of C02 and an unidentified non-volatile 
acid 1. STEINMETZ and co-workers 8, 4 have reported an acetazolamide-inhibitable acidi- 
fication of mucosal fluid in HCOs--free bathing fluids and have attributed it to H ÷ 
secretion. 

The object of the present work is to examine the kinetics of the HCO 3- trans- 
port process. The relationship between short-circuiting current (Ise) and mucosal 
HCO 8- concentration and the effect of acetazolamide on this relationship are described. 

METHODS 

All experiments were performed, during the fall and early winter, on excised 
bladders of the fresh water turtle, Pseudemys scripta. Bladders were excised, washed 
free of Na + and mounted in a modified Ussing chamber. The mucosal and serosal 
surfaces of the bladder were bathed by lO-12 ml of various Ringer solutions. The 
temperature of the bathing solutions was maintained between 24 and 25 °. 

Elution, mounting and electrical measurements 
Excised bladders were stretched into flat sheets 5 and eluted for IO mill in each 

of four successive 2oo-ml portions of oxygenated NaCl-free Ringer solution. Tissues 
were mounted in a modified Ussing chamber having an area of 5 cm2. Electrical 
measurements made, by  techniques described previously 5, included Ise, spontaneous 
transbladder potential (PD) and transbladder resistance (R). Values of I~o were re- 
corded continuously, except when the external circuit was opened, for I sec at 5-min 
intervals, to obtain values for PD. During the i-sec period of open circuiting, R was 
determined by sending calibrated pulses of current through the bladder 5. 

Experimental design 
In all the experiments the serosal surface of the bladder was bathed by  choline 

sulfate Ringer solution containing 20 mM HCOa- and gassed with C02-O ~ (1-2:99- 
98, v/v). The pH of the serosal fluid remained between 7.5 and 7.8 throughout the 
experiment. No changes were made in the serosal fluid during the course of the experi- 
ment. The mucosal surface was initially bathed by HCO3--free choline sulfate Ringer 
solution gassed with IOO % 02 (pH 7.2-7.4). After 6O-lOO min of incubation under 
the above-stated conditions, increments of HC08-, as choline bicarbonate, were added 
isohydrically to the mucosal fluid, and the C02 content of the gas perfusing the 
mucosal fluid was adjusted accordingly. The pH of the mucosal fluid was monitored 
continuously and oscillated between pH 7.2 and 7.8. These variations in mucosal pH 
had no apparent effect on the electrical parameters. Each bladder was exposed succes- 
sively to nominal mucosal concentrations of 0.2, i.o, 2.5, 5.0, 15.o and 20 mM HCOs-. 
After each addition of HC03-  to the mucosal fluid, the PD, R and Ise were observed 
for periods of 15-3o min. This interval was sufficient for the bladder to attain quasi 
steady-state values for Ise and PD. This experimental design was carried out in the 
presence and in the absence of acetazolamide. Acetazolamide was used at two final 
concentrations in the serosal fluid o.I and 0.2 raM. 

When acetazolamide was used, the tissue was incubated with the acetazolamide- 
containing Ringer solution for at least 12o rain before the serial increases in mucosal 
concentration of HCO 8- were made. 
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Sampling and analysis 
At the end of each experimental period, a 6-ml sample of mucosal fluid was 

removed for analysis. The samples were replaced by adding 4-5 ml of choline sulfate 
Ringer solution and 1-2 ml of an appropriate choline bicarbonate solution. 

The composition of solution used herein in terms of final mM concentrations was 
as follows. 

Ringer solutions: (a) Bicarbonate-free choline sulfate: choline +, 118.1; SO4 *-, 
61.8; Ca 2+, 2.0; H2P04-, 0.07; HP04 *-, 0.73; Mg 2+, 0.8; and glucose I I .  Sucrose was 
added to achieve a final osmolality of 220 mosmoles. The final pH was kept between 
7.4 and 7.6 pH units. (b) HCO~--rich choline sulfate Ringer solution: choline +, 118.1; 
S042-, 53.3; Ca2+, 2.0; H2P04-, 0.07; HP04 ~-, o.73; HCOa-, 17; Mg s+, 0.8; COs, 
o.33; and glucose i i .  Sucrose was added to achieve a final osmolality of 220 mosmoles. 
The final pH was kept between 7.4 and 7.6 pH units. 

Choline bicarbonate solutions: (a) choline +, 9.2; HCOa-, 9.2; sucrose was added 
to achieve a final osmolality of 220 mosmoles. (b) Choline +, 22; HCOa-, 22; sucrose 
was added to achieve a final osmolality of 220 mosmoles. (c) Choline +, 230; HC08-,  
230. Prior to use, choline bicarbonate solutions were gassed with IOO % CO s in order 
to bring the pH to 7.4-7.6. 

Solutions were analyzed for Na +, CI-, HCOa-, osmolality and pH prior to use. 
Samples taken from solutions in contact with the tissue as described above were 
subjected to the same analysis. 

Na + determinations were done in an Eppendorf flame photometer,  C1- on a 
Cotlove chloridometer and CO s in the Van Slyke apparatus. 

Normalization of data 
The area of tissue exposed to the bathing fluid in the chamber was 5 cm2. How- 

ever, due to the elasticity of the bladder tissue, it was necessary to report Ise per 
g dry mass of tissue rather than Ise/cm ~. I t  was found that  this procedure reduced 
the standard deviation of the saturation currents by  a factor of 2. 

The average dry weight ( i S . E . )  of the tissue exposed in the chamber was 
66.2 ~ 8.2 mg. 

RESULTS 

Relationship of I** to mucosal HC03- concentration 
The urinary bladder of the turtle transports HCO 8- from mucosal to serosal 

fluid and acidifies its mucosal fluid. The acidification process occurs in the presence 1, * 
and in the absence of exogenous mucosal HCO 8- (ref. 3). In both cases, negative PD 
and Isc are associated with the acidification process. 

The electrical parameters of the bladder were examined under two sets of con- 
ditions. 

In one set of eight experiments, the bladders were bathed on the mucosal and 
serosal surface by a choline sulfate Ringer solution containing HCO 3- and gassed 
with 02-CO, (99:1, v/v). In a second set of eight experiments, bladders were bathed 
with the same Ringer solution except that  HCO 3- was omit ted from the Ringer solu- 
tion on the mucosal surface. In both sets of experiments, the pH of the Ringer solution 
remained about 7-4. The PD, Ise and R were measured over a period of 2 h. The dry  
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mass of the tissue and the HCO s- concentration of the bathing fluids were measured 
a t  the end of the experiments. The results are summarized in Table I. 

Table I shows statistical parameters and mean values for mucosal HCO z- con- 
centrations, PD, Ise, normalized I s e - i . e .  Ise per g dry mass of t i s s u e - a n d  R for 
the two sets of experiments described above. 

T A B L E  I 

EFFECT OF MUCOSAL HCO 3- ON ELECTRICAL PARAMETERS OF BLADDERS 

Mean va lues  for mucosa l  HCO 3- concen t ra t ion ,  PD,  /me, normal ized  Ise (i.e., I~c per  g d ry  wt.  of 
tissue), and  R for two  groups  of e igh t  bladders .  The mucosa l  fluid of the  first  groups  con ta ined  no 
exogenous  HCOs- .  The  mucosa l  fluid of t he  second groups  con ta ined  20 mM HCOs- .  The serosal  
fluid of b o t h  groups  of b ladders  was  a chol ine su l fa te  R inge r  so lu t ion  con ta in ing  20 mM HCOs- .  

Statistical parameters Mucosal PD I,c Iae]g dry wt. R 
[HC03- ] (mV) (l~d) (mA/dry wt.) (~) 
(raM) 

Mean 17.2 
S.E. 0.5 

Mean o. 24 
S.E. 0.06 

Difference of the  m e a n  
P r o b a b i l i t y  

- -34 . I  - -82.6 - - 1 . i  4 413 
4.7 5.3 0.07 33 

-- 14-6 -- 37.5 --0.56 389 
1.9 5.3 0.o8 35 

19.5 45.1 0.58 24.0 
P < o.oi  P < o.ooI P < o.ooi  P > 0.6 

The data  indicate that  the mean values for PD, Ise and Ise per g dry mass of 
the bladders bathed on the mucosal surface by 20 mM HC03-  were significantly 
greater than those of the bladders bathed by  0.2 mM HC03-. However, the mean re- 
sistances of the two groups of bladders were not significantly different. 

The results indicate that  the magnitudes of PD and Ise are strong functions of 
the mucosal HC03-  concentration in the absence of transportable ions other than 
HCOs-. 

In order to investigate further the relationship of Ise to mucosal HCO s- con- 
centration, sequential additions of HCO s- were made to initially HCOs--free mucosal 
fluids in the Ussing chamber. Additions of HCO 8- were made to the mucosal fluid at 
2o-min intervals, and the concentration of CO~ in the perfusing gas was changed 
accordingly to maintain the pH of the mucosal fluid at 7.4. In order to eliminate 
favorable diffusion gradients for HCOs-, the serosal concentration was maintained 
at  2o mmoles/1 during the course of the experiment. Values for PD and Ise increased 
in a roughly stepwise manner subsequent to each HCOs- addition. At the end of 
each 2o-min period, the mucosal fluid was sampled for analysis in the Van Slyke 
apparatus. 

Fig. I shows PD and Ise versus t ime at various mucosal HCO,-  concentrations 
for one of the experiments of Table II .  Values of PD and Ise are plotted below their 
respective abscissae to emphasize that  they are negative quantities. 

The data of Fig. I indicate a finite negative PD and Ise in the absence of exo- 
genously added HCOs-,  at the beginning of the experiment. These data  also indicate 
that  the PD and Ise increased in magnitude subsequent to each addition of HCO 3- 
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to the mucosal fluid and that  the responses of the PD were somewhat sharper than  
those of the Ise. The time-course of the experiment depicted in the figure is typical  
of the experiments to be presented in Table II .  

° t ' "  . . . . . . . . .  ' ! !  ' 
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Fig. I. Plot  of PD and Ise vs. t ime for a bladder ba thed  on the  serosal surface by  choline sulfate- 
Ringer solution containing 2o mM HCO s-  and on the mucosal  surface by  initially bicarbonate-free 
choline sulfate Ringer solution. The concentrat ion of mucosal  HCO s-  was raised to the values 
shown in the  figure at  the t imes indicated by  the vertical dashed lines. HCO s-  was added as choline 
bicarbonate.  

T A B L E  I I  

E~']V]~CT OF INCREM]~NTS IN MUCOSAL HCO s-  ON ]~LECTRICAL PARAMETERS 

Mean values and S.E. for electrical parameters  at  var ious mucosa l  H C 0  s concentrat ions for seven 
bladders. HCO s was added t o  mucosal  fluid as choline bicarbonate  and was the only t ranspor tab le  
ion in the  mucosal  fluid. Serosal surfaces were bathed by  choline sulfate Ringer solution containing 
2o mM HCOs-.  

n Mucosal PD I,e Isdg dry wt. R 
[HCOs- 3 (mV) (laA) (mA/g dry wt.) (Q) 
(,riM) 

6 0.20 ± 0.02 --15.6 4- 2.0 -- 44.7 4- 3.3 --o.61 4- 0.09 463 4- 37 
5 0.93 4- 0.06 --25.2 4- 0.9 -- 61.o 4- 9.6 --0.94 4- 0.09 462 4- 83 
7 ~2.35 4- o.15 --28. 4 4- 2.I -- 73.0 4- 8.6 --I .O 7 4- o . I I  454 4- 31 
6 5.76 4- 0.69 --37.2 4- 3:5 -- 88.3 4- lO. 7 --1.4o 4- o.o9 454 4- 25 
7 14.3 4- 0.9 --48-6 -4- 4.8 --123 4- 18 --1.75 4- 0.o9 408 4- 26 
5 26.2 4- 1.9 --49.0 4- 5.4 --134 4- 5.3 --1.85 4- o.I9 380 4- 38 

Table I I  presents values for mucosal HCO3- concentration, PD, Isc, Ise per g 
dry mass and R, for a set of seven experiments similar to those represented 13y Fig. I .  

The data of Table I I  indicate that  the PD, Ise and Ise per g dry mass increased 
in value with each increment of mucosal HCO 3- over the range of HCOs- concentra- 
tions studied. These data also indicate that  the resistance of the bladder tended to 
decrease somewhat  as mucosal HCO s- was added. 

Effect of acaazotamiae on HCO s- transport 
STEINMETZ and co-workers s, 4 have previously reported an inhibitory effect of 

acetazolamide on the acidification process of the urinary bladder of the turtle. I t  
therefore seemed appropriate to investigate the effects of this drug on the kinetics of 
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HCO 3- transport. To this end, a series of experiments, having a format similar to that  
described for Fig. I and the experiments of Table II, was performed in the presence 
of two different serosal concentrations of acetazolamide. 

Table I I I ,  similar in format to Table II ,  presents values for PD, Ise, Ise per 
g dry mass and R for a group of five bladders treated with o.I mM acetazolamide. 

T A B L E  I I I  

EFFECT OF INCREMENTS IN MUCOSAL HCO s-  ON ELECTRICAL PARAMETERS IN THE PRESENCE OF 
O.I mM ACETAZOLAMIDE IN THE SEROSAL FLUID 

Mean va lues  and  S.E. for e lect r ical  p a r a m e t e r s  a t  var ious  mucosa l  HCO 3- concen t ra t ions  for five 
bladders .  HCO 3- was  added  to mucosa l  fluid as choline b i ca rbona te  and  was  the  on ly  t r a n s p o r t a b l e  
ion  in the  mucosa l  fluid. Serosal  surfaces were b a t h e d  b y  choline su l fa te  R inge r  con t a in ing  20 mM 
HCO~- and  o.I mM acetazolamide .  

Mucosal PD I,c Isdg dry wt. R 
[HCO~-] (mV) (#A) (mA/g dry wt.) (Q) 
(mM) 

5 5.79 4- 0.38 - -17 . °  Q- I . i  --24. 7 4- 5.1 - -0 .26 4- 0.07 762 4- 114 
5 14.6 4- 0.8 - -20.6  4- 2.9 - -32.6 4- 7.0 - -0 .40 -4- 0.09 750 4- 119 
4 24.3 4- 1.5 --24.5 ± 3.8 --14.9 4- 7.7 --o.43 4- o.13 78o 4- 125 

These tissues were preincubated for 60 min in acetazolamide-containing Ringer 
solution and bathed on the serosal side by  acetazolamide-containing Ringer solution 
during the experiment. Increments of HCO 8- were added to the mucosal fluid at 
20-min intervals as in the experiments of Table II .  

The data of Table I I I  indicate that  the PD and Ise increased subsequent to each 
increment of mucosal HC03-. However, the increments in PD and Ise were smaller 
than those observed in the absence of acetazolamide. 

Table IV presents data  for a group of four bladders treated in all respects the 
same as those reported in Table I I I ,  except that  the concentration of acetazolamide 
was increased to 0.2 mM. 

The results in Table IV indicate that  the increased concentration of acetazol- 
amide caused further inhibition of HCO 8- transport. 

T A B L E  IV 

EFFECT OF INCREMENTS IN MUCOSAL HCO 8- ON ELECTRICAL PARAMETERS IN THE PRESENCE OF 
0.2 mM ACETAZOLAMIDE IN THE SEROSAL FLUID 

Mean va lues  and  S.E. for e lectr ical  p a r a m e t e r s  a t  va r ious  mucosa l  HCO 3- concen t ra t ions  for four 
bladders .  HCO 3- was  added  to mucosa l  fluid as choline b i ca rbona te  and  was  the  on ly  t r a n s p o r t a b l e  
ion in  t he  mucosa l  fluid. Serosal  surfaces were b a t h e d  by  chol ine su l fa te  R inge r  so lu t ion  con ta in ing  
2o mM HCO s-  and  0.2 mM acetazolamide .  

Mucosal PD I8c Isc/g dry wt. R 
[HCOz- ] (mV) (IRA) (mA/g dry mr.) (£2) 
(mM) 

4 4.61 4- 0.37 --6.25 4- 2.1o - -16.6  4- 5.9 - -o - I4  -¢- 0.04 
4 13. 9 4- 0.4 --7.63 4- 2.51 --2o. 7 4- 6.1 - -o .18 4- 0.04 
4 25.6 4- 2.8 - -9 .5o 4- 3.48 - -27 .8  4- 9.7 --0.23 4- 0.08 

402 4- 50 
388 ± 45 
435 4- 61 
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When the values of Ise per g dry mass of tissue reported in Tables II,  I I I  and 
IV were plotted against the respective mucosal HCO~- concentrations, the results 
were hyperbolic curves similar to those of Michaelis-Menten-type kinetics. 

The results in Tables II, I I I  and IV are further summarized as Lineweaver-Burk 
plots in Fig. 2. The points corresponding to the 0.2- and I-mM mucosal HCO s- con- 
centrations were deleted from this figure and from the calculations of the regression 
lines for the Lineweaver-Burk plots and will be discussed later. 

Fig. 2 presents plots of the reciprocal of the Ise per g dry mass v e r s u s  the reci- 
procal of the mucosal HC03- concentration for the experiments presented in Tables II, 
I I I  and IV. 

1 12] /0.2 rnM . 
~Acetazolamlde 

10 # / ( N = 5 )  
i o.1 .,M -o 8 / o~ ~ i / Acetazolamlde (N=5) 

- ~ o - 4 o - 3 o - 2 o - l o  o ~o 20 30 4o ~o 
v [H co~], ioo .~M-'~ 

Fig. 2. L i n e w e a v e r - B u r k  plots  of Iso per  g d r y  mass  of t i ssue  vs. mucosa l  HCO s-  concen t r a t ion  
for the  expe r imen t s  p resen ted  in  each of the  Tables  II, I I I  and  IV. 

T A B L E  V 

EFFECT OF ACETAZOLAMIDE ON KINETIC PARAMETERS OF HCO 8- TRANSPORT 

Acetazolamide Saturation Half maximal 
(mlVI) current mucosal [HCOa- ] 

(#A ]g) (raM) 

None 1.98 -4- o . i i  2.40 -b 0.55 
o.I  0.39 4- o . I3  3,I 5 ~ 1.42 
o.2 o.24 ± o.o5 3.89 ~ o.75 

These data indicate that  acetazolamide significantly changed the slope of the 
lines but  did not significantly change the intercept at the abcissa. The saturation cur- 
rents and half maximal mucosal HCO a- concentrations corresponding to the lines 
plotted in Fig. 2 are presented in Table V. 

The data in Table V show a roughly Io-fold change in the value of the saturation 
current with increasing concentrations of acetazolamide. Although the values for 
the half maximal mucosal HCOa- concentration increased with increasing concen- 
trations of acetazolamide, differences between the values of apparent. Km in the three 
groups of experiments were not statistically significant. These data are consistent with 
the notion that  acetazolamide inhibits HCO s- transport in a manner analogous to 
noncompetitive inhibition. 

In the experiments in which 0.i or o.2 mM acetazolamide were used, 1-2 h 
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were required for the drug to have its full effect and inhibition of the Ise did not 
reach IOO %. 

In order to determine whether higher concentrations of acetazolamide would act 
to inhibit I8c more rapidly and more completely, four additional experiments were 
performed. In these experiments bladders were bathed on both sides by choline 
sulfate-Ringer solution containing 20 mM HC03-, and acetazolamide was added to 
the serosal fluid to a final concentration of I raM. In these four experiments, the mean 
percentage of inhibition of Ise was 64 ~: 5.7; the half t ime for the inhibition was 
22 min, and the time required for the complete effect was 59 mill. The inhibition of 
the PD followed a similar course, and the resistance did not change significantly. 
Thus, there was no substantial difference in the time-course and magnitude of the 
inhibition produced by 0.2 or I mM acetazolamide. In these four experiments, there 
was considerable variation in the time-course of the inhibition. The shortest t ime 
required for the full effect was 20 min, and the longest was 9 ° rain. 

Fig. 3 presents values for PD and Ise versus t ime for a bladder bathed on both 
surfaces by choline sulfate Ringer solution containing 20 mM HCO~-. Acetazolamide 
(final concn. I mM) was added to the serosal fluid at 40 min and washed out at 15o min. 

7 I . . . .  
-3o c , ! h - o n t e o l  I Aceto olomlne in sero$ol ' Wos out  , 

I "  : l-- f l u l d s l m M  =13 ocetozolomlne 

-25 ~ ' 

~ - 50  

-1001 . . . . . . . . . . . . . . . . . .  
0 20 40 60 80 100 120 140 160 180 200 

Time (m i'n) 

Fig .  3. P l o t s  of P D  a n d  Ise vs. t i m e  for  a b l a d d e r  b a t h e d  on  b o t h  s u r f a c e s  b y  c h o l i n e  s u l f a t e  
R i n g e r  s o l u t i o n  c o n t a i n i n g  2o m M  H C O s - .  A c e t a z o l a m i d e  (f inal  conch ,  i m M  in  s e ro sa l  f lu id)  
w a s  a d d e d  a t  4 ° m i n  a n d  w a s h e d  o u t  of t h e  se rosa l  f lu id  a t  I 5o  m i n .  

The effect of acetazolamide was complete within 2o min and persisted until the 
drug was removed. The response shown in Fig. 3 was the most rapid one observed. 
At 15o min; acetazolamide was washed out of the serosal fluid and the Ise recovered 
almost to the control levels during the next hour. 

After replacement of the acetazolamide-containing Ringer solution with aceta- 
zolamide-free Ringer solution, the Ise increased to its pretreatment  level in two ex- 
periments and increased half way toward its pretreatment  level in two other experi- 
ments. 

The data suggest that  the inhibition of HCOs- transport  by acetazolamide is 
reversible. 

Kinetic parameters for low and high mucosal HCOa- concentrations 
Points corresponding to mucosal HCO 8- levels below 2.5 mM were deleted from 

the data presented in the Lineweaver-Burk plot of Fig. 2 because they did not fall 
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on the curve. Moreover, data derived from the  entire range of mucosal HC03-  con- 
centrations studied (0.2-20 mM) could not be conveniently displayed on the same 
Lineweaver-Burk plot. Hence, a Hofstee plot of all the data  in Table I I  is presented in 
Fig. 4. In  this plot, the points divide into two groups, each group falling along a 
straight line. The points corresponding to HC03-  levels above 2.5 mM fall along Line I, 
and those corresponding to HCO 8- levels below 2.5 mM fall along Line II .  

0 , , , ,  . 0 , ,  , ,  I 

0 1 2 3 4 
Ztm (rnA/g) 

Mu(:osol HCO~, (mM) 

Fig. 4. Shows a Hofs tee  p lo t  of IBe per  d ry  mass  of t i ssue  vs. t h e  mucosa l  HCO 3- concen t r a t ion  
for all of t he  mucosa l  HCO s -  concen t ra t ions  repor ted  in Table  II .  Po in t s  cor responding  to HCO 3- 
concen t r a t ions  above  2. 5 m M  fall a long Line  I, a n d  those  c o r r ~ p o n d i n g  to  HCO s -  levels below 
2. 5 m M  fall a long  Line  II .  T he  two lines sugges t  two different  t r a n s p o r t  processes.  

From Line I, the half maximal concentration of mucosal HCO 3- and the satu- 
ration current, in close agreement with the values estimated from the Lineweaver- 
Burk plot, were 2.09 mM and 1.98 mA/g, respectively. From Line II ,  the half-maximal 
concentration and saturation current, not considered in the Lineweaver-Burk plot, 
were o.17 mM and 1.13 mA/g, respectively. 

These data suggest that  there are two H C O ~  transport  mechanisms. The mecha- 
nism corresponding to Curve I I  appeared to have a high affinity for HCO 3- and could 
presumably remove HCO 3- from very dilute HCO 3- solutions. 

The mechanism corresponding to Curve I appeared to have about one tenth 
the affinity and twice the transport  capacity of the mechanism corresponding to 
Curve II .  

I t  is pertinent to examine the data when the mucosal HCO 3- concentration was 
was low, (i.e., near zero to approx. 0.2 mM), as shown in Curve II .  This mechanism 
apparently reaches its half-maximal capacity for HCO 3- transport (4 °/~A per 5 cm 2 
of bladder surface) when the concentration of mucosal HCO 8- is no more than 0.2 
mM. Moreover, the current density of 4 °/~A at 0.2 mM HCO 3- is around twice the 
range (11-25 ~uA per 7 cm2) reported by others in allegedly "HCO3--free" Ringer 
solutions wherein no determinations of HCO 3- or CO s content were reported 3, 4. 

When bladders were exposed to 0.2 mM acetazolamide and 26 mM mucosal 
HCO3-, Isc observed was far below the saturation current for both Mechanisms I 
and II.  This indicates that  both transport  processes are sensitive to acetazolamide. 

Present data  do not permit a quanti tat ive determination of the individual 
sensitivities of the two processes to acetazolamide. 

The tendency for Isc to return when acetazolamide is washed off the bladder 
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indicates that  the effect of acetazolamide is reversible on at least one of the HCOs-  
transport  processes. 

Amendment of previous claims 
Apart  from any interpretation, data described in this report do not match 

previous claims of this laboratory1, 2. SCHILB AND BRODSKY 1, z suggested that  "aceta-  
zolamide did not affect the lowering of mucosal pH in bladder sacs bathed by CO 2- 
rich media" (ref. I) and, in addition, it was claimed that  " the inhibitor had no effect 
on a negative Ise of about 4 ° A/cm z in short-circuited bladders bathed by Na+-free 
(choline) Ringer solution containing HC03-"  (ref. 2). In the light of the data reported 
herein, these claims were clearly in error. 

DISCUSSION 

HOGBEN and co-workers6, ~ have reported (I) that  acetazolamide and other 
sulfonamides significantly reduced the active transport  of C1- and the PD in frog 
stomach; (2) that  the relative potency of these inhibitors towards the transport  
followed a similar sequence to their activities as inhibitors of carbonic anhydrase; 
(3) that  required concentrations of inhibitor were more than two orders of magnitude 
greater than those required for inhibition of carbonic anhydrase; and (4) that  similar 
effects were reported for the C1- transport  in frog cornea, which contains no carbonic 
anhydrase activity. On the basis of these findings, HOGBEN and co-workers have 
postulated that  there is a C1- transport  receptor in these tissues with some structural 
similarity to carbonic anhydrase. 

STEINMETZ 3 has shown that  acetazolamide added to the serosal fluid at a concen- 
tration of 2 mM markedly reduced the acidification process in the turtle bladder. 
This effect was attr ibuted to the inhibition of carbonic anhydrase. However, MAREN s 
has reported that  there is no carbonic anhydrase activity in the turtle bladder. The 
present findings indicate that  acetazolamide inhibits HCO 8- transport  in the turtle 
bladder in a manner analogous to noncompetitive inhibition. Thus, one could suppos- 
that  some essential constituent of the HCO 8- transport  system has some structural 
resemblance to carbonic anhydrase and is at tacked by  acetazolamide, even though 
it lacks enzymatic activity. 

The two transport  mechanisms suggested in Fig. 4 could be explained by either 
of two models. There could be two independent transport  systems or there could be 
one transport  system with two kinds of sites for HCO 8- at tachment.  
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