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Abstract.Ammonia, in addition to its role as a constituent of
urinary net acid excretion, stimulates cortical collecting duct
(CCD) net bicarbonate reabsorption. The current study sought
to begin determining the cellular transport processes through
which ammonia regulates bicarbonate reabsorption by testing
whether ammonia stimulates B-type intercalated cell bicarbon-
ate secretion, bicarbonate reabsorption, or both. The effects of
ammonia on single CCD intercalated cells was studied by use
of measurements of intracellular pH taken fromin vitro mi-
croperfused CCD segments after luminal loading of the pH-
sensitive fluorescent dye BCECF. These results showed, first,
that ammonia inhibited B-cell unidirectional bicarbonate se-
cretion and that this occurred despite no effect of ammonia on

apical Cl2/HCO3
2 exchange activity. Second, ammonia in-

creased the contribution of a SCH28080-sensitive apical H1-
K1-ATPase to basal intracellular pH regulation and it stimu-
lated basolateral Cl2/HCO3

2 exchange activity. Thus,
ammonia activated both apical proton secretion and basolateral
base exit, consistent with stimulation of unidirectional bicar-
bonate reabsorption. It was concluded that ammonia regulates
CCD net bicarbonate reabsorption, at least in part, through the
coordinated regulation of the separate processes of B-cell bi-
carbonate reabsorption and bicarbonate secretion. These ef-
fects do not reflect a general activation of ion transport but,
instead, reflect coordinated and specific regulation of ion
transport.

Ammonia plays a central role in acid-base homeostasis through
a variety of mechanisms. Perhaps the most widely known
mechanism is the relationship whereby renal ammonia metab-
olism results in new bicarbonate generation (reviewed in ref-
erence 1). Furthermore, renal ammonia production is stimu-
lated by metabolic acidosis (2,3), resulting in substantial
changes in bicarbonate formation attributable to ammonia me-
tabolism. This relationship allows ammonia production and
excretion to play a major role in acid-base homeostasis.

Ammonia also may mediate a second role through a possible
role as an intrarenal signaling molecule that regulates collect-
ing duct ion transport. In multiple species and throughout the
collecting duct, ammonia stimulates proton secretion (typically
measured as net bicarbonate reabsorption). In the rat, ammonia
changes cortical collecting duct (CCD) bicarbonate transport
from net bicarbonate secretion to net bicarbonate reabsorption
(4). In the rabbit, ammonia substantially increases net bicar-
bonate reabsorption (5). This effect is concentration dependent
and is independent of ammonia’s effect on either intracellular
pH or active sodium transport (5). In other portions of the
rabbit collecting duct, increasing ammonia from 4 to 10 mM
stimulates outer medullary collect duct proton secretion by

approximately 50% (6), and 6 mM ammonia stimulates inner
medullary collecting duct proton secretion by approximately
250% (7). Thus, ammonia contributes to acid-base homeostasis
by stimulating net bicarbonate reabsorption throughout the
collecting duct and in multiple species.

The CCD B-type intercalated cell (B cell) plays an important
role in renal acid-base transport because of its ability to both
secrete and reabsorb luminal bicarbonate (8,9) and because it is
the predominant intercalated cell in collecting ducts from the
outer cortex (10). The purpose of the current study was to
determine whether ammonia regulates CCD acid-base trans-
port by inhibiting B cell-mediated bicarbonate secretion, stim-
ulating B-cell–mediated proton secretion, or both. To do so, we
examined the effect of ammonia on specific B-cell acid-base
transporters. In the current studies, ammonia inhibited B-cell
unidirectional bicarbonate secretion but did so without altering
apical Cl2/HCO3

2 exchange activity. In addition, ammonia
stimulated both apical H1-K1-ATPase and basolateral Cl2/
HCO3

2 exchange activity, which indicates that ammonia stim-
ulated B-cell unidirectional bicarbonate reabsorption. Thus,
ammonia regulates net bicarbonate transport through the coor-
dinated and specific regulation of both bicarbonate reabsorp-
tion and bicarbonate secretion.

Materials and Methods
Microperfusion

We used standardin vitro microperfusion techniques using female
New Zealand white rabbits (1.5 to 2 kg) (11,12). The solutions used
were artificial solutions and, unless otherwise mentioned, contained
119.2 mM NaCl, 3 mM KCl, 25 mM NaHCO3, 2 mM KH2PO4, 1 mM
Na-acetate, 1.2 mM CaCl2, 1 mM MgSO4, 5 mM alanine, and 8.3 mM
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glucose. The solutions had osmolality adjusted to 2906 7 mOsm/kg
H2O with NaCl. All solutions were gassed with 95% O2/5% CO2.
Ammonium chloride (10 mM) substituted for sodium chloride in both
the luminal and peritubular solutions when ammonia was used. Some
studies used an approximately 1.5-ml bath chamber that was thermo-
statically controlled to 37°C in which the peritubular solution was
exchanged continuously at 0.3 ml/min. Other studies used a low-
volume, laminar flow bath chamber to which preheated, continuously
bubbled solutions were delivered at approximately 6 ml/min. Thirty
min was allowed before making initial measurements and between
experimental periods.

Intracellular pH
Intracellular pH was measured by use of techniques that we have

described previously in detail (5,11,13,14). Briefly, we loaded inter-
calated cells with the fluorescence, pH-sensitive dye, BCECF, by
adding BCECF-AM (15mm) to the luminal solution for approxi-
mately 5 min (14). An approximately 15-mm diameter region was
excited at 490 and 440 nm and emission measured at 530 nm. The
490/440 nm ratio was calibrated to intracellular pH at the end of the
experiment by use of the high potassium-nigericin technique (14).

Cl2/HCO3
2 Exchange Activity

Cl2/HCO3
2 exchange activity was measured as the rate of intra-

cellular alkalinization after luminal (to measure apical Cl2/HCO3
2

exchange activity) or peritubular (to measure basolateral Cl2/HCO3
2

exchange activity) Cl2 removal. We calculated Cl2/HCO3
2 exchange

activity using least-squares linear regression during the initial 6 to 10 s
of alkalinization during which alkalinization was linear.

Unidirectional Bicarbonate Secretion
Unidirectional bicarbonate secretion was measured by use of tech-

niques that we have described previously in detail (10,15). Briefly,
unidirectional bicarbonate reabsorption is inhibited by removing peri-
tubular chloride (16,17). The initial B-cell response to peritubular

chloride removal is intracellular alkalinization as a result of reversal
of basolateral Cl2/HCO3

2 exchange (10), followed by intracellular
acidification (18) that results from apical bicarbonate secretion via the
B-cell apical Cl2/HCO3

2 exchanger (10,11). The rate of intracellular
acidification, when measured at basal intracellular pH, indicates the
rate of apical bicarbonate secretion (10,15).

Chemicals
BCECF-AM was obtained from Molecular Probes, Inc. (Eugene,

OR). SCH28080 was the kind gift of Dr. James Kaminski (Schering
Co., Bloomfield, NJ). All other chemicals were from Sigma Chemical
Co. (St. Louis, MO).

Statistical Analyses
Results are presented as mean6 SEM. The data were analyzed by

use of pairedt test and ANOVA, as appropriate, andP , 0.05 was
used as evidence of statistical significance.

Results
Unidirectional Bicarbonate Secretion

The B cell plays an important role in acid-base physiology
through physiologically regulated bicarbonate secretion. In

Table 1. Effect of ammonia on B-cell apical bicarbonate
secretion

Ammonia Initial pHi

Apical
Bicarbonate
Secretion

(pH Units/Min21)

Absent (n5 5) 7.416 0.20 22.396 0.69
Present (n5 5) 7.396 0.11 20.776 0.26a

a P , 0.05.

Figure 1.Effect of ammonia on B-cell unidirectional bicarbonate secretion. B cell unidirectional bicarbonate secretion was measured as the
rate of intracellular acidification due to apical bicarbonate secretion after peritubular Cl2 removal. (A) Representative experiment demon-
strating the intracellular acidification induced by peritubular chloride removal.[ [ [, basal; ——, ammonia. (B) Summary of results of all
experiments, reported in pH units per minute. Lines connect measurements in the same cell.
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several models, bicarbonate secretion has been the primary
mode of CCD bicarbonate transport regulated by physiologic
stimuli (15,19,20). Accordingly, we tested whether inhibition
of B-cell unidirectional bicarbonate secretion mediates, at least
in part, ammonia’s stimulation of CCD net bicarbonate
reabsorption.

To measure unidirectional B-cell–mediated bicarbonate se-
cretion, we removed peritubular chloride, an obligate anion for
apical proton secretion and luminal bicarbonate reabsorption
(21). Peritubular chloride removal stimulates apical bicarbon-
ate secretion mediated by apical Cl2/HCO3

2 exchange (11),
resulting in intracellular acidification. Thus, the rate of intra-
cellular acidification indicates the rate of B-cell bicarbonate
secretion (15) (Figure 1, Table 1). In the absence of ammonia,
apical bicarbonate secretion caused intracellular acidification
averaging22.396 0.69 pH units/min (n5 5). In the presence
of ammonia, bicarbonate secretion induced intracellular acid-
ification averaging20.77 6 0.26 pH units/min (n5 5).
Ammonia significantly inhibited unidirectional bicarbonate se-
cretion (P, 0.05versusin the absence of ammonia,n 5 5).
These changes are unlikely to be due to time-dependent chang-
es; there are no time-dependent changes in B-cell bicarbonate

secretion when this technique is used (15). Thus, ammonia
seems to inhibit B-cell unidirectional bicarbonate secretion.

B-cell bicarbonate secretion requires anion transport via an
apical Cl2/HCO3

2 exchanger and a basolateral Cl2 channel
(9,22). Stimuli regulating bicarbonate secretion may do so
through effects on either of these transporters (13,23,24). The
next set of studies tested whether ammonia inhibited bicarbon-
ate secretion by inhibiting apical Cl2/HCO3

2 exchange activ-
ity (Figure 2, Table 2). In the absence of ammonia, apical
Cl2/HCO3

2 exchange activity averaged 1.746 0.33 pH units
per minute (n5 7). In the presence of ammonia apical Cl2/
HCO3

2 exchange activity averaged 1.556 0.29 pH units/min
(n 5 7). Ammonia did not significantly alter B- cell apical
Cl2/HCO3

2 exchange activity (P5 NS,n 5 7). These results
indicate that ammonia inhibits B-cell unidirectional bicarbonate
secretion without altering apical Cl2/HCO3

2 exchange activity,
which suggests that ammonia may regulate bicarbonate secretion
through the regulation of basolateral transport processes.

Effect of Ammonia on B-Cell Unidirectional
Bicarbonate Reabsorption

The B cell possesses both an apical H1-K1-ATPase (25)
and a basolateral Cl2/HCO3

2 exchanger (10), which suggests
that it can, under appropriate conditions, reabsorb luminal
bicarbonate. Ammonia stimulates H1-K1-ATPase–mediated
CCD bicarbonate reabsorption (5), raising the possibility that
ammonia stimulates B-cell–mediated bicarbonate reabsorption.
To test this possibility, we examined the effect of ammonia on
the B-cell apical H1-K1-ATPase.

To do so, we examined whether ammonia alters the contri-
bution of apical H1-K1-ATPase to intracellular pH regulation
(Figure 3 [SCH28080 with Amm], Table 3). In the presence of

Table 2. Effect of ammonia on B-cell apical Cl2/HCO3
2

exchange activity

Ammonia Initial pHi

Intracellular
Alkalinization

(pH Units/Min21)

Absent (n5 7) 7.416 0.09 1.746 0.33
Present (n5 7) 7.306 0.07 1.556 0.29

Figure 2.Effect of ammonia on B-cell apical Cl2/HCO3
2 exchange activity. Apical Cl2/HCO3

2 exchange activity was measured as the rate
of intracellular alkalinization resulting from luminal Cl2 removal in the absence and the presence of ammonia. (A) A representative experiment.
A 30-min equilibration period was allowed after addition of ammonia. (B) Summary of results of all experiments, reported in pH units per
minute. Lines connect measurements in the same cell.
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ammonia, addition of the H1-K1-ATPase inhibitor SCH28080
(10 mm) to the luminal solution acidified the B cell signifi-
cantly, decreasing intracellular pH by20.156 0.05 pH units
(P , 0.05,n 5 5).

Intracellular acidification after addition of luminal
SCH28080 in the presence of ammonia could represent either
inhibition of proton transport by SCH28080 that is independent
of ammonia, intracellular acidification induced by ammonia
that is independent of SCH28080, or SCH28080-mediated
inhibition of ammonia-stimulated apical proton secretion. The
next series of studies sought to differentiate between these
possibilities.

First, we examined whether the intracellular acidification
observed after addition of luminal SCH28080 occurred in the
absence of ammonia (Figure 3 [SCH], Table 3). Addition of
SCH28080 (10mm) to the luminal solution in the absence of

ammonia did not alter B-cell intracellular pH significantly
(D 5 20.02 6 0.04 pH units;P 5 NS versus0; n 5 12).
Similar results occurred in previous studies (25). Thus, the
effect of luminal SCH28080 on B-cell intracellular pH cannot
be explained by SCH28080-mediated inhibition of ammonia-
independent proton secretion.

Next, we examined whether the continued presence of am-
monia, in the absence of luminal SCH28080, would explain
these results. An identical protocol was used, with ammonia
present throughout the experiment, and a mock perfusate change
was made without addition of SCH28080 to the luminal fluid
between the first and second set of intracellular pH measurements
(Figure 3 [Amm], Table 3). No significant change in intracellular
pH occurred in the continued presence of ammonia if SCH28080
was added to the luminal fluid (D 5 20.026 0.02 pH units;P 5
NS; n 5 4). These results are consistent with our previously
reported results (5). Thus, the effect of luminal SCH28080 on
B-cell intracellular pH in the presence of ammonia is not mediated
by the continued presence of ammonia.

These results indicate that ammonia increases the contribution
of an apical H1-K1-ATPase to B-cell intracellular pH regulation.
Because ammonia stimulates SCH28080-sensitive CCD net bi-
carbonate reabsorption (5), ammonia may stimulate CCD net
bicarbonate reabsorption, at least in part, by stimulating B-cell–
mediated unidirectional bicarbonate reabsorption.

To confirm that ammonia stimulates B-cell unidirectional
bicarbonate reabsorption, we studied whether ammonia stim-
ulated basolateral Cl2/HCO3

2 exchange activity (Figure 4,
Table 4). In the absence of ammonia, basolateral Cl2/HCO3

2

exchange activity averaged 4.066 0.40 pH units/min21, and in
the presence of ammonia, it averaged 5.176 0.24 pH units/
min21 (n 5 5 for both). Ammonia significantly stimulated
B-cell basolateral Cl2/HCO3

2 exchange activity (P, 0.05,
n 5 5). Thus, ammonia increases both apical H1-K1-ATPase and
basolateral Cl2/HCO3

2 exchange activity. Ammonia seems to
stimulate B-cell unidirectional bicarbonate reabsorption.

Effect of Intracellular pH
Ammonia acidifies the B cell (5), which raises the possibil-

ity that the effects observed in the current study are mediated
indirectly by changes in intracellular pH. However, in each
experimental protocol, there was no correlation between intra-
cellular pH and transporter activity (P 5 NS by ANOVA).
Thus, the effect of ammonia on B-cell proton and bicarbonate
transporter activity seems to be independent of ammonia’s
effects on B-cell intracellular pH.

Table 3. Effect of ammonia and/or SCH28080 on B-cell intracellular pHa

Ammonia SCH28080 n Initial pHi Final pHi Change

Present Present 5 7.126 0.12 6.976 0.02 20.156 0.05b

Absent Present 12 7.176 0.09 7.156 0.08 20.026 0.04
Present Absent 4 6.986 0.05 6.976 0.05 20.026 0.02

a Cortical collecting ducts were incubated in the presence of absence of ammonia for 30 min, then initial pHi was measured. SCH28080,
if present, then was added to the luminal fluid, and after a 30-min incubation final pHi was measured.

b P , 0.05versus0.

Figure 3.Effect of ammonia on B-cell SCH28080-sensitive intracel-
lular pH. Shown are the changes in intracellular pH after addition of
luminal SCH28080 in the presence of ammonia (SCH with Amm),
after addition of luminal SCH28080 in the absence of ammonia
(SCH), and in the continued presence of ammonia without adding
luminal SCH28080 (Amm). *,P , 0.05.
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Discussion
The current study examined the effects of ammonia on

collecting duct net bicarbonate transport by examining the
separate processes of bicarbonate reabsorption and bicarbonate
secretion in a single cell, the B cell. Ammonia inhibits B-cell
unidirectional bicarbonate secretion, and it does so without
altering apical Cl2/HCO3

2 exchange activity. Simultaneously,
ammonia stimulates apical H1-K1-ATPase and basolateral
Cl2/HCO3

2 exchange activity in the B cell, which indicates
that it increases B-cell–mediated unidirectional bicarbonate
reabsorption. Thus, ammonia can serve as a potential intrarenal
signaling molecule with specific and coordinated effects on
B-cell bicarbonate transport.

A major physiologic function of the B cell is bicarbonate
secretion, which mediates recovery from metabolic alkalosis
(8,26,27). A major mechanism by which physiologic stimuli
regulate CCD net bicarbonate transport is by regulating B-cell
unidirectional bicarbonate secretion (15-17,19,20). The current
study adds to these previous studies by showing that B-cell

unidirectional bicarbonate secretion is regulated by the physi-
ologic stimulus ammonia.

Bicarbonate secretion requires both apical Cl2/HCO3
2 ex-

change activity and a basolateral chloride channel. The current
study shows that ammonia inhibits B-cell unidirectional bicar-
bonate secretion without inhibiting apical Cl2/HCO3

2 ex-
change activity. This suggests that ammonia may inhibit the
B-cell basolateral chloride channel. Whether these effects of
ammonia reflect changes in the open probability of this chan-
nel, endocytic removal of the chloride channel from the plasma
membrane, or other changes in its conductance characteristics
cannot be determined by the current study. Further studies will
be necessary to address these different possibilities.

Although the B cell generally has been modeled to secrete
bicarbonate, the B cell also possesses the transporters for
unidirectional bicarbonate reabsorption, namely apical proton
and basolateral base transport (10,25,28). Ammonia stimulates
both apical proton secretion and basolateral bicarbonate exit,
and the B-cell apical proton transporter stimulated by ammo-
nia, H1-K1-ATPase, is the same transporter stimulated when
assessing the entire CCD (5). Thus, it is likely that ammonia
stimulates B-cell–mediated proton and potassium transport and
that this contributes to the regulation of transport in the entire
CCD.

Two common conditions that stimulate renal ammoniagen-
esis are metabolic acidosis and hypokalemia. It is interesting
that in vivo metabolic acidosis stimulates the B-cell apical
H1-K1-ATPase (28), whereasin vitro metabolic acidosis has
only minimal effects on H1-K1-ATPase (29). One potential
explanation is thatin vivo metabolic acidosis increases renal
ammonia production and accumulation and that it is ammonia,

Table 4. Effect of ammonia on B-cell basolateral Cl2/
HCO3

2 exchange activity

Ammonia Initial pHi

Basolateral
Cl2/HCO3

2

Exchange
Activity

(pH Units/Min21)

Absent (n5 6) 7.426 0.16 4.066 0.40
Present (n5 6) 7.416 0.09 5.186 0.24a

a P , 0.05.

Figure 4.Effect of ammonia on B-cell basolateral Cl2/HCO3
2 exchange activity. Basolateral Cl2/HCO3

2 exchange activity was measured as
the rate of intracellular alkalinization after peritubular Cl2 removal in the absence of ammonia and then again after a 30-min equilibration with
ammonia. (A) A representative experiment. (B) Summary of results of all experiments, reported in pH units per minute. Lines connect
measurements in the same cell.
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not the changes in extracellular pH, that stimulate B-cell apical
H1-K1-ATPase. Further studies are necessary to identify the
specific roles of extracellular acidosis and ammonia in the
regulation of CCD acid-base transport. A second major stim-
ulus for ammoniagenesis is hypokalemia. Ammonia may con-
tribute to recovery from hypokalemia by inhibiting CCD po-
tassium secretion (30), at least in part by stimulating
unidirectional potassium reabsorption (30). Ammonia’s stim-
ulation of unidirectional potassium reabsorption is likely to be
related to activation of H1-K1-ATPase in both the entire CCD
(5) and in the B cell (current study).

Although SCH28080 may cause intracellular ATP depletion
in some cells (31), this is unlikely to explain the observed
effects in the current study. First, the concentration required to
demonstrate this effect was 20-fold greater (31) than that used
in the current study. Moreover, if SCH28080 were mediating
its effects in the CCD through alterations in intracellular ATP
availability, then SCH28080 also should inhibit CCD H1-
ATPase–mediated proton secretion. However, SCH28080 has
no effect on H1-ATPase–mediated proton secretion in CCD
intercalated cells (25,32), and the effect of SCH28080 on net
proton secretion can be differentiated easily from inhibition of
H1-ATPase (29). Thus, SCH28080 is unlikely to inhibit B-cell
apical proton secretion by decreasing intracellular ATP avail-
ability. Instead, SCH28080 is a highly potent inhibitor of
H1-K1-ATPase, particularly HKa1, with near-complete inhi-
bition at concentrations substantially lower than those used in
the current study (33,34). Thus, SCH28080 seems to be alter-
ing both CCD acid-base transport and B-cell intracellular pH
regulation by inhibition of an apical H1-K1-ATPase and not
through generalized effects on intracellular ATP availability.

The mechanism by which ammonia stimulates B-cell baso-
lateral Cl2/HCO3

2 exchange activity is unclear. One possibil-
ity is that ammonia directly stimulates transport activity, sim-
ilar to the effect of ammonia on the Cl2/HCO3

2 exchange
isoform, AE2 (35). Changes in intracellular pH are unlikely to
explain the increased activity. Ammonia either acidifies CCD
intercalated cells (5) or causes minimal changes in intracellular
pH (current study), which would be expected to either inhibit
or not alter anion exchanger activity, respectively. This ex-
pected effect of intracellular pH on anion exchanger activity
contrasts with the stimulation induced by ammonia in the
current study. In addition, there was no significant correlation
between intracellular pH and basolateral Cl2/HCO3

2 ex-
change activity in the current studies. The lack of relationship
between intracellular pH and basolateral Cl2/HCO3

2 ex-
change activity is not due intracellular pH being below the
range that stimulates Cl2/HCO3

2 exchange activity. AE1 is
stimulated over a broad range of intracellular pH, whereas AE2
is stimulated only above pH 7.3 (36). As shown in Table 2, this
was the intracellular pH range in the studies that examined
ammonia’s effect on basolateral Cl2/HCO3

2 exchange activ-
ity. More studies will be necessary to identify the mecha-
nism(s) through which ammonia regulates B-cell basolateral
Cl2/HCO3

2 exchange activity.
An additional result of the current studies was confirmation

that the B-cell apical and basolateral Cl2/HCO3
2 exchangers

are differentially regulated by ammonia. These results are
similar to previous studies that suggested that isoproterenol
differentially regulates apical and basolateral Cl2/HCO3

2 ex-
change activity (37). The differential regulation of these trans-
porters is consistent with the apical and basolateral Cl2/
HCO3

2 exchangers representing different anion exchanger
isoforms. In particular, antibodies to the anion exchanger AE4
localize to proteins present on the B-cell apical but not the
basolateral plasma membrane (38). Thus, the B-cell apical and
basolateral Cl2/HCO3

2 exchangers both are immunologically
distinct and are differentially regulated, which suggests that
they could mediate different functional roles.

The current studies used millimolar ammonia concentra-
tions. Ammonia is produced by the proximal tubule and is
concentrated into the renal interstitium by the loop of Henle,
yielding levels that average 4 to 6 mM in the late distal
tubule (39). These levels are increased significantly by both
metabolic acidosis (1,39) and hypokalemia (40 – 42). The
exact interstitial ammonia concentrations that are present in
the kidney are unclear. Although it is tempting to assume
that renal cortical interstitial ammonia can be determined by
the measurement of renal venous ammonia concentration,
these calculations rely on NH3 being in diffusion equilib-
rium between the renal interstitium and the renal vein,
which is known to be untrue (43). Because ammonia secre-
tion is believed to occur via NH3 diffusion, interstitial [NH3]
almost certainly is greater than intraluminal [NH3]. When
measurements of intraluminal [NH3] in metabolic acidosis
(39) and measured values of renal cortical pCO2 (44) are
used and under the assumption that cortical interstitial
[HCO3

2] is similar to systemic [HCO3
2], an estimate of

interstitial ammonia is approximately 1.7 mM. The exact
interstitial ammonia concentration is unknown but is likely
to be substantially greater, to mediate high rates of net
ammonia secretion that occur in the cortex (39).

In summary, the current study identified several important
facets in renal physiology. First, ammonia inhibits B-cell uni-
directional bicarbonate secretion, and this effect is independent
of apical Cl2/HCO3

2 exchange activity, which suggests that
ammonia regulates net bicarbonate secretion through regula-
tion of the basolateral chloride channel. Next, the B-cell apical
H1-K1-ATPase and basolateral Cl2/HCO3

2 exchanger can be
regulated in parallel by a single stimulus, ammonia, which
demonstrates that the B cell can contribute to urinary acidifi-
cation and luminal bicarbonate reabsorption. Thus, ammonia
increases CCD net bicarbonate reabsorption through coordi-
nated effects on the separate processes of unidirectional bicar-
bonate reabsorption and secretion. These findings contribute
importantly to our understanding of the mechanisms through
which ammonia may serve as an intrarenal signaling molecule
that regulates CCD ion transport.
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