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Summary. Bicarbonate is transferred across the serosal (5) membrane of the epithelial 
cells of the turtle bladder in two directions. Cellular HCO3 generated behind the H + 
pump moves across this membrane into the serosal solution. This efflux of HCO3 is 
inhibited by SITS (4-isothiocyano-4'-acetamido-2,2'-disulfonic stilbene). When HCO;- is 
added to the serosal solution it is transported across the epithelium in exchange for absorbed 
C1-. This secretory HCO 3 flow traverses the serosal cell membrane in the opposite direc- 
tion. In this study the effects of serosal addition of 5 x 10 ~M SITS on HCO~ secretion 
and CI- absorption were examined. The rate of H + secretion was brought to zero by 
an opposing pH gradient, and 20 mM HCO~- was added to S. HCO3 secretion, measured 
by pH stat titration, was equivalent to the increase in M- ,S  C1 flux after HCO3 addition. 
Neither the S ~ M  flux of HCO~- nor the M-~S  flux of CI- were affected by SITS. 
In the absence of electrochemical gradients, net C1- absorption was observed only in 
the presence of HCO a in the media; under such conditions, unidirectional and net fluxes 
of C1 were not altered by serosal or mucosal SITS. H + secretion, however, measured 
simultaneously as the short-circuit current in ouabain-treated bladders decreased markedly 
after serosal SITS. The inhibition of the efflux of HCO~ in series with the H + pump 
and the failure of SITS to affect HCO~ secretion and C1 absorption suggest that the 
epithelium contains at least two types of transport systems for bicarbonate in the serosal 
membrane. 

The isolated b ladder  o f  the fresh water  turtle is capable  of  net secret ion 

o f  bo th  acid and  alkali [8, 16]. Acidi f ica t ion o f  the mucosa l  solut ion 

can be demons t r a t ed  in the absence of  exogenous  b ica rbona te  and  occurs  

by a mechan i sm of  h y d r o g e n  ion secretion [12, 15, 16]. The hydroxyl  

ions dissociated behind  the H ~- p u m p  are buffered by CO2 within the 

cell, and  the b ica rbona te  so fo rmed  moves  passively out  o f  the cell 

into the serosal solution.  W h e n  b icarbona te ,  however ,  is added  to the 

serosal so lut ion it is t r anspo r t ed  across the epi thel ium into the mucosa l  

solution.  This secretory flow of  b i ca rbona te  is coup led  to an absorpt ive  

f low of  chlor ide [8]. Bicarbonate ,  therefore,  mus t  move  in bo th  directions 

across the serosal m e m b r a n e  o f  the epithelium. 
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The present study was undertaken to explore whether there is an 
interaction between the bicarbonate efflux across the serosal membrane 
and the chloride-bicarbonate exchange flows. SITS (4-isothiocyano-4'- 
acetamido-2,2'-disulfonic stilbene) has been shown to inhibit urinary acidifi- 
cation [2, 3]. This inhibition is due to interference with the efflux 
of bicarbonate across the serosal membrane [2]. We therefore examined 
the effects of this agent on the exchange flows of chloride and bicarbon- 
ate. SITS did not significantly affect the secretory bicarbonate flow or 
the chloride fluxes. These results indicate that the serosal membrane 
sites for the movement of bicarbonate in the anion exchange pathway 
are separate from the bicarbonate efflux sites in series with the H + 

pump. 

Materials and Methods 

Urinary bladders of fresh water turtles, Pseudemys scripta, were mounted on Lucite 
chambers with an exposed surface area of 8 cm2. The bladders were maintained in the 
short-circuited state by voltage clamping except for brief periods when the open-circuit 
potential difference was measured. 

The compositions of the Ringer's solutions are shown in Table 1. The control and 
HCO~- Ringer's solutions were used in the first group of experiments. The sodium bicarbon- 
ate of the HCO3 Ringer's was osmotically balanced by sodium sulfate in the control 
Ringer's. The two Ringer's solutions with 27 mM C1- were used in subsequent experiments 
to reduce passive chloride fluxes. The sodium chloride of the control Ringer's was replaced 
isonatrically by sodium sulfate to make the 27 m s  C1- Ringer's, and sucrose was used 
to maintain osmolality. 

In the first group of experiments, bladders were mounted with control Ringer's in 
both the mucosal (M) and serosal (S) solutions. Mucosal pH was lowered until mucosal 
acidification was abolished (MpH 4.63+_0.06) so that the rate of bicarbonate secretion 
could be measured in the absence of hydrogen secretion [10, 17]. C136 (New England 
Nuclear, Boston, Mass.) was added to the mucosal solution and one hour later the steady- 
state chloride flux was determined. With the mucosal pH held constant by a Radiometer 
pH stat assembly, the serosal solution was then exchanged for 20 mM HCO~ Ringer's. 
After a 1-hr equilibration period, the steady-state bicarbonate and chloride flux rates were 
determined. SITS (Polysciences, Inc., Warrington, Pa.) was added to either the mucosal 
or serosal solution to attain a concentration of 5 x 10-4M. After one hour the rates of 
chloride and bicarbonate flux were again determined. Bicarbonate flux was measured by 
pH stat titration and chloride by the flux of C136. 

For the second group of experiments, two hemibladders from the same whole bladder 
were mounted in 27 mM chloride Ringer's. One hemibladder of each pair was used to 
determine S ~ M chloride flux, and its mate was used for M--* S flux determination. Chloride 
flux was determined during two one-half hour periods beginning one hour after C136 
had been added to the appropriate bathing solution. The mucosal and serosal bathing 
solutions were then exchanged for 27 mM chloride +HCO3 Ringer's and the C136 was 
replaced. Two half-hour flux measurements were obtained after a 1-hr equilibration period 
(control period). SITS was then added to the serosal solution of both halves of the experi- 



SITS-Insensitive Anion Flows 

Table 1. Composition of Ringer's solutions 
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Control HCO~ 27 mM C1 27 mM CI- +HCO~ 
Ringer's Ringer's Ringer's Ringer's 

(mmol/liter) 

Na + 123.4 116.8 t23.4 116.8 
K + 3.5 3,5 3.5 3.5 
Ca ++ 1.8 1.8 1.8 1.8 
C1- 101.5 101.5 27.1 27.1 
HPO2 1.2 1.2 1.2 1.2 
SO2 13.3 - 50.5 37.2 
HCO~ - 20 - 20 
Sucrose - - 40 40 
Gas CO2-free COz-free CO2-free 5% CO2 
Phase Air Air Air in air 
pH 7.1 8.4 7. i 7.25 

mental bladders to attain a 5 x 10 4M concentration. Chloride flux was measured during 
two additional half hour periods beginning 1 hr after SITS addition (experimental period). 

Similar experiments were completed in two additional groups of bladders in which 
net sodium transport was abolished by ouabain. In these groups of bladders, HCO~ Ringer's 
with 27 mM chloride was present on both sides of the bladder throughout the experiment. 
Ouabain (5x 10-4M) was added to the serosal solution, and the reversed short-circuit 
current was measured to estimate the rate of urinary acidification. In one group 5 x 10-4M 
SITS was added to the serosal solution, and in the other group SITS was added to the 
mucosal solution. 

Analysis of Data 

All data are reported as the mean • per 8 cm 2 bladder surface. The statistical 
significance of the data was determined by t test, analysis of variance, or by paired t 
test when appropriate [13]. 

Results 

1. Effect of  SITS on Simultaneously Measured, 
Oppositely Directed HC03  and Cl- Fluxes 

T h e  effects o f  se rosa l  a d d i t i o n  o f  S ITS  o n  the  u n i d i r e c t i o n a l  b i c a r b o n -  

a te  a n d  c h l o r i d e  f luxes  are  s h o w n  in  T a b l e  2. B i c a r b o n a t e  was  a d d e d  

o n l y  to  the  se rosa l  (5)  s o l u t i o n ,  a n d  the  t r a n s p o r t  i n t o  the  m u c o s a l  

(M)  s o l u t i o n  was  m e a s u r e d  b y  p H  s ta t  t i t r a t i o n .  T h e  c h l o r i d e  f lux f r o m  

M to S was  m e a s u r e d  s i m u l t a n e o u s l y .  N o n e  of  the  b i c a r b o n a t e  f luxes  
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Table 2. Effect of serosal SITS on S ~ M  bicarbonate (Jnco~) and M ~ S  chloride flux 

(JcO 

HCO3-free Control 20 mM HCOf Experimental 20 mM HCO~- 

(gmol/hr) 

Control (n = 8) 
Jnco~ < 0.02 1.l 6 + 0.22 0.93 -+ 0.18 
JcI 2.20_+0.55 3.27_+0.83 3.10_+0.72 

SITS (n=7) 
JHco3 < 0.02 0.99 + 0. l 0 1.05 _+ 0.13 
Jcl- 2.52_+0.73 3.48_+0.85 3.47_+0.94 

SITS was added to the serosal solution in a final concentration of 5 • 10-4M. 

were significantly different by analysis of variance. Likewise, all values 

of chloride flux during the control and experimental periods were statisti- 
cally equivalent. 

A bicarbonate-dependent chloride flux can be defined for these experi- 
ments as the difference between the M to S chloride flux in the presence 
and absence of serosal bicarbonate (second or third column minus first 
column of Table 2). During the control period the bicarbonate-dependent 
chloride flux was 1.07 ~tmol/hr in the control bladders and 0.94 gmol/hr 
in the bladders subsequently exposed to SITS. These values of chloride 
flux were not significantly different from the simultaneously measured 
values during the experimental period in both control and SITS-treated 

bladders. 
Mucosal addition of 5 • 10-4M SITS had no effect on the S to M 

bicarbonate flux in 5 experiments. The rate before SITS was 
1.20_+0.17 lamol/hr. One hour after SITS the rate was 1.20+0.16 ~tmol/ 
hr. Previous studies have shown that mucosal addition of SITS had 
no effect on H + secretion [2] or on the short-circuit current in sodium-free 

media [3]. 

2. Effect of  Serosal SITS on Unidirectional CI- Fluxes 
in Symmetrical Solutions 

Unidirectional C1- fluxes were measured in paired halves of the same 
bladders, first in the HCO3-free solutions and thereafter in the presence 
of 20 mM HCO3 on both surfaces of the bladder. To reduce passive 
CI- fluxes the C1- concentrations of the Ringer's solutions were reduced 
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Fig. 1. Stimulation of absorptive chloride flux by bicarbonate addition and failure of SITS 
to affect unidirectional or net chloride fluxes. Solid lines represent control bladders (n = 5); 
dashed lines represent SITS-treated bladders (n=5) .  An average SE is indicated on the 

right side of the figure 

to 27.1 mM (see Table 1). In contrast to the previous experiments in 
which mucosal  pH was 4.63 +0 .06  (i.e., at the level of  zero net H § 
secretion), there were no significant transepithelial pH or HCO~ gra- 
dients in this group of experiments (pH 7.25). 

The effects of  20 mM H C O j  and serosal SITS on S ~  M and M ~  S 
chloride flux are shown in Fig. 1. In the absence of  bicarbonate, M--,  S 
and S ~ M chloride fluxes were not significantly different. The addition 
of  20 mM HCO~ to the solutions bathing both sides of  the bladder 
did not cause a significant change in S - ,  M chloride flux, but increased 
the M - +  S chloride flux by more than 0.2 gmol/hr in accord with previous 
studies [8]. The serosal addition of  5 x 10-4M SITS had no significant 
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Fig. 2. Failure of serosal SITS (5 x 10 4M) to affect chloride fluxes in the presence of 
20 mM HCO3 and 5 x 10 4M ouabain. Solid lines represent 4 control bladders, dashed 
lines represent experiments in which SITS was added to the serosal solution 2 hr after 
C136 addition ( M ~ S  flux in 6 hemibladders and S ~ M  in 5 hemibladders). S ~ M  flux 
increased (P<0.02) with time in both control and SITS-treated bladders. The rate of 

increase was similar (P< 0.2) in both groups 

effect on  either the S ~  M or the M ~  S chlor ide fluxes. As shown on 

the r ight o f  Fig. 1, the fluxes in con t ro l  and  SITS-exposed  halves were 

the same. 

3. Effect Of S I T S  on Cl- Fluxes and on H + Secretion 

in Ouabain- Treated Bladders 

The effects o f  SITS were fur ther  examined  in bladders  in which net 

N a  + t r anspor t  was abol ished by 5 x 10-4M ouabain .  In  such bladders  

ba thed  by symmetr ica l  solutions,  the rate o f  H § secret ion approx imates  
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Fig. 3. Selective inhibition of Ht secretion (JH) by 5 x 10 4M SITS. Net chloride flux 
(J~') measured simultaneously was unaffected, j~t was derived from the unidirectional 
fluxes shown in Fig. 2. Control J~ in this group of ouabain-treated bladders was 70_+ 16 FA 

the short-circuit current [11, 16]. Furthermore,  previous studies [8, 14] 

have shown that the rates of HCO3 secretion and net C1 absorption 
are not affected by ouabain. 

The effects of serosal SITS on the unidirectional S--+M and M--,S  

chloride fluxes are shown in Fig. 2. Symmetrical H C O s  Ringer's solu- 
tions were used as in the experiments above. The M ~  S fluxes were 

greater than the S---, M fluxes, thus demonstrating net C1- absorption. 

The S---, M fluxes increased with time in both the control and SITS- 

treated tissues. The addition of SITS to the serosal solution (dashed 

lines) had no significant effect on either flux compared to control values 
(solid lines). In Fig. 3 the net C1 fluxes from these experiments are 
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Table 3. Effect of mucosal SITS (5 x 10 4M) on unidirectional chloride fluxes 

Control period Experimental period 

M - ,  S flux (gmol/hr) 
Control (n=5)  1.02_+0.02 1.00_+0.02 
SITS (n = 5) 1.22 + 0.24 1.08 + 0.24 

S ~ M flux (gmol/hr) 

Control (n=5)  0.33_+0.04 0.41 +0.04 
SITS (n = 5) 0.26 + 0.04 0.36 + 0.06 

indicated by bars (~d~). ~C~ t w a s  unaffected by serosal SITS, whereas 
the short-circuit current (Jn) was markedly inhibited (solid curve). The 
inhibition of Jn reached 76% by 2 hr, a degree of inhibition comparable 
to that reported previously [2]. Ehrenspeck and Brodsky [3] have reported 
that serosal, but not mucosal, SITS inhibits the short-circuit current 
remaining in the absence of sodium transport. 

In addition mucosal SITS did not significantly alter either M--+S 
or S--* M chloride fluxes measured between symmetrical HCO3-contain- 
ing solutions. The results of these experiments are shown in Table 3. 
As in the previous group of experiments, S---> M chloride flux increased 
(P<0.05) with time but this increase was not altered by SITS. The 
changes in M ~ S chloride flux were not statistically significant in either 
control bladders or bladders exposed to mucosal SITS. 

Discussion 

The main results of this investigation demonstrate that the addition 
of SITS to the serosal side of the turtle bladder epithelium causes a 
highly selective inhibition of anion transport. As shown previously by 
Cohen, Mueller and Steinmetz [2], the efflux of HCO;-, which is generated 
in series with the H § pump, is markedly inhibited by SITS. In contrast, 
the present study shows that the coupled flows of C1- and HCO3 are 
SITS-insensitive. Although it is not known whether the two anion flows 
are coupled at the serosal or the mucosal membrane, it is clear that 
HCO~ entry from the serosal solution into the cell and C1- exit from 
the cell to the serosal solution are unaffected by the disulfonic stilbene. 

The disulfonic stilbenes also inhibit the various anion transport sys- 
tems of other tissues to differing extents. In the red blood cell, the 
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exchange flows of C1- and SO2 are inhibited completely by the disulfonic 
stilbenes [1, 7] but the net efflux of C1- from the red cell is only partially 
inhibited [6]. In Ehrlich ascites tumor cells SO2 movement is inhibited 
by SITS while C1 transport is SITS-insensitive [19]. 

The results of these experiments also confirm previous studies [8] 
indicating that net C1- absorption is dependent on the presence of serosal 
HCO3-. As in the study by Leslie, Schwartz and Steinmetz [8], the rates 
of HCO~ secretion and C1- absorption were comparable when HCO~ 
secretion was measured by pH stat titration after H § secretion was 
stopped by an opposing pH gradient. Net C1- absorption was also 
observed in the presence of symmetrical H C O j  solutions. The magnitude 
of net C1- absorption was somewhat greater in the ouabain-treated blad- 
ders which were studied in the fall (Figs. 2 and 3) than in the experiments 
which were carried out in the winter (Fig. 1). Seasonal variability in 
C1- absorption was also observed by Gonzalez, Shamoo and Brodsky 
[5]. The results of the present study are entirely consistent with the 
existence of an anion exchange transport system which depends on meta- 
bolic energy [10] and which secretes HCO~- in exchange for absorbed 
C1- [8]. 

Inhibition of H + secretion by the addition of SITS to the basolateral 
surface of epithelial cells has been observed not only in turtle urinary 
bladder, but also in r a t  proximal tubule [4, 18]. The inhibitory effect 
is comparable to that of acetazolamide and other carbonic anhydrase 
inhibitors in proximal tubules, but in turtle bladder SITS is a more 
potent inhibitor of H + secretion than acetazolamide [2]. Furthermore, 
the action of SITS is more selective than that of acetazolamide, since 
acetazolamide inhibits H § secretion as well as C1-HCO3 exchange trans- 
port in this reptilian tissue. 

The selectivity of the SITS inhibition of anion transport across the 
serosal cell membrane of the turtle bladder suggests that the exchange 
flows of C1- and HCO~ occur at transport sites which are separate 
from the sites involved in the efflux of HCOy in series with the H § 
pump. Although the cellular mechanisms responsible for this selectivity 
are not known, two possibilities may be considered. First of all, there 
could be different transport sites at the serosal cell membrane for the 
exit and entry of HCO3-, but a common transport pool for HCO~. 
This possibility would be strengthened if one could demonstrate some 
interaction between the two HCO3 flows as a function of changes in 
the common pool. Our studies failed to show an increase in the rate 
of Cl-dependent HCO3 secretion after inhibition of the HCO~- exit step. 
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The  possibi l i ty  o f  a c o m m o n  H C O  3 poo l  c a n n o t  be ent i rely excluded,  

however ,  since the cel lular  H C O 3  c o n c e n t r a t i o n  p r io r  to SITS m a y  have  

been  close to the level at  which  the t r a n s p o r t  sys tem b e c o m e s  sa tura ted .  

A second in t e rp re t a t i on  of  the SITS selectivity wou ld  be tha t  the 

t r a n s p o r t  p a t h w a y  for  ac id i f ica t ion  involves  a c o m p a r t m e n t  for  H C O 3  

d ispos i t ion  into  S tha t  is func t iona l ly  separa te  f r o m  the an ion  exchange  

p a t h w a y  for  C1- and  H C O 3 .  This  i n t e rp re t a t i on  a p p e a r s  to be the m o s t  

a t t rac t ive  at  the p resen t  t ime.  Scanning  e lec t ron  m i c r o s c o p y  [9] has  re- 

vea led  a m a r k e d  a l t e ra t ion  in the surface  a p p e a r a n c e  of  a cell p o p u l a t i o n  

cha rac te r i zed  by  p r o m i n e n t  mic rop l i cae  2 hr af ter  SITS add i t ion  while 

the r e m a i n d e r  o f  the cells a p p e a r  to  be unchanged .  At  tha t  t ime  H + 

secre t ion  is m a r k e d l y  inh ib i ted  while C1-HCO3 exchange  is una l te red .  

W h e t h e r  or  no t  these obse rva t i ons  reflect  tha t  d i f ferent  epi thel ia l  cell 

types  are invo lved  in the  two  t r a n s p o r t  sys tems for  b i c a r b o n a t e  r ema ins  

to be explored .  
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