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Abstract

Hyperchloremic acidosis is a common acid—base disturbance, yet its effects on membrane transport
ATPases in the hippocampus remain poorly characterized. This study investigated the activity and
kinetic properties of Na*/K*-, Ca2*-, and HCO,-ATPases in the hippocampus of rats with experimentally
induced hyperchloremic acidosis. Hyperchloremic acidosis was confirmed by reduced plasma pH and
HCO,- concentration and increased Cl- concentration, without significant changes in Na* or K*. The
activities of Na*/K*-ATPase, Ca2*-ATPase, and Mg?*-dependent HCO,~-ATPase were significantly
reduced, whereas Mg?*-independent HCO,~-ATPase activity was increased. Isoform analysis revealed
greater suppression of the a1 than a2/3 Na*/K+-ATPase fraction. Kinetic analysis demonstrated reduced
Vmax of Na*/K*-, Ca?*-, and Mg?+-dependent HCO,~-ATPases without significant changes in substrate
Km, except for K*, for which Km increased. Conversely, Mg?*-independent HCO,~-ATPase showed
increased Vmax with unchanged Km. These findings demonstrate that hyperchloremic acidosis
differentially modifies hippocampal transport ATPases, affecting their catalytic capacity and, selectively,
substrate affinity. Such alterations may contribute to disruption of ionic and acid—base homeostasis in
the hippocampus during systemic acidosis.

1. Introduction

Hyperchloremic acidosis is a form of metabolic acidosis characterized by a reduction in plasma
bicarbonate concentration accompanied by an elevation of plasma chloride, occurring without a
corresponding increase in the anion gap (Bhandari et al. 2024; Palmer and Clegg 2019). In clinical
practice it arises most commonly from excessive gastrointestinal bicarbonate loss (severe diarrhea),
renal tubular acidosis, and, increasingly, from large-volume resuscitation with 0.9% saline, which supplies
chloride in excess of plasma levels and dilutes endogenous bicarbonate and protein buffers (Kraut and
Kurtz 2014; Palmer and Clegg 2019; Haines et al. 2019). Experimentally, chronic hyperchloremic
metabolic acidosis can be reliably induced by administration of ammonium chloride (NH,CI), commonly
provided in the drinking water of rodents. NH,Cl loading imposes a systemic acid burden and stimulates
renal mechanisms involved in acid excretion and ammonium handling, resulting in reduced blood pH and
bicarbonate concentrations accompanied by increased chloride concentrations. This model has been
extensively used to reproduce sustained metabolic acidosis in experimental animals and to investigate
its renal and systemic consequences (Kwon et al. 2001; Nowik et al 2011; Johnsen et al. 2024).
Understanding the consequences of this acid-base disturbance for the central nervous system is
important because the brain, and the hippocampus in particular, is highly sensitive to shifts in
extracellular and intracellular pH: acidosis alters neuronal excitability, ion channel gating, synaptic
transmission, and, as central chemoreceptors on the ventral brainstem respond to interstitial pH,
ventilatory drive itself (Ruffin et al. 2014; Hsu et al. 2000; Guyenet and Bayliss 2022).

Transport ATPases are of particular interest in this context because they are central to the establishment
and maintenance of the ionic gradients that underlie neuronal signaling, membrane excitability, cell-
volume regulation, and intracellular pH homeostasis. These processes depend heavily on ATP-driven ion
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pumps, including Na*/K*-ATPase and Ca%*-ATPases, which directly couple ATP hydrolysis to the
transport of ions against their electrochemical gradients (Blaustein et al. 2020; Dyla et al. 2020;
Shrivastava et al. 2018). In the brain, this energetic demand is particularly substantial because
restoration of ionic gradients following neuronal activity represents a major component of cellular
energy expenditure, with Na*/K*-ATPase activity accounting for a substantial fraction of the brain's ATP
utilization (de Lores Arnaiz and Ordieres 2014). At the same time, neuronal and glial pH homeostasis is
tightly coupled to transmembrane ion transport, including Na*/H* exchange, Na*-dependent Cl-/HCO;-
exchange, and Na*/HCO;~ cotransport (Sengupta et al. 2010). Because systemic acid-base disturbances
can alter extracellular and intracellular pH and thereby modify ion transport, channel activity, and
intracellular Ca%* handling, ATP-dependent transport systems represent plausible molecular targets
through which metabolic acidosis may influence cerebral ion homeostasis and neuronal function
(Chesler 2003; Gerkau et al. 2019).

The Na*/K*-ATPase is the principal ATP-dependent mechanism responsible for maintaining the
transmembrane Na* and K* gradients that underlie the neuronal resting membrane potential and
accounts for a substantial fraction of neuronal and brain energy consumption (Shrivastava et al. 2018;
Berndt and Holzhiitter 2013). It belongs to the P-type ATPase superfamily and consists primarily of a
catalytic a-subunit containing 10 transmembrane helices and three major cytoplasmic domains, the
nucleotide-binding (N), phosphorylation (P), and actuator (A) domains, that coordinate the
phosphorylation and dephosphorylation of a conserved aspartate residue during the Post-Albers
catalytic cycle (Nielsen et al. 2024; Ivanov et al. 2000). The a-subunit associates with a heavily
glycosylated B-subunit that is important for proper membrane assembly and functional maturation, while
FXYD-family proteins serve as tissue- and isoform-dependent regulatory partners that modulate pump
kinetics and ion affinity (Meyer et al. 2020). In the brain, the a1 and a3 Na*/K+*-ATPase isoforms are
widely expressed in neurons, whereas a2 is enriched predominantly in astrocytes, although isoform
expression can overlap among neuronal and glial populations (Holm and Lykke-Hartmann 2016). The
distinct kinetic properties and cellular distribution of these isoforms suggest that their contribution to
ion homeostasis may vary according to cell type and physiological state. In the NH,Cl-induced acidosis
model, preservation of circulating Na* and K* concentrations would minimize changes in extracellular
substrate availability for the Na*/K*-ATPase; consequently, alterations in pump kinetics may instead
reflect effects of the acid-base disturbance on enzyme conformation, protonation state, regulatory
mechanisms, or the intracellular ionic environment. However, this interpretation should be considered
mechanistically plausible rather than inferred solely from unchanged plasma Na* and K* concentrations
(Lina and Kuijpers 2004).

Mg?*-dependent Ca%*-ATPase activity in brain membrane preparations is attributed predominantly to

plasma membrane Ca?*-ATPases (PMCAs), which are high-affinity Ca2* pumps responsible for extruding

cytosolic Ca?* across the plasma membrane and thereby maintaining the low intracellular Ca%*

concentration required for neuronal signaling and survival (Strehler et al. 2007; Peggion et al. 2025).

PMCA belongs to the P-type ATPase superfamily and utilizes MgATP in its catalytic cycle, forming a

transient phosphorylated intermediate during Ca?* transport. PMCA activity is regulated by a C-terminal
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autoinhibitory domain containing a calmodulin-binding region; binding of Ca2*-calmodulin relieves this
autoinhibition and markedly increases pump activity and Ca2* affinity (Brini and Carafoli 2011). Four
PMCA gene products (PMCAT1-4) are expressed in the mammalian brain, with PMCA2 and PMCA3
showing prominent expression in the central nervous system, although the individual isoforms exhibit
distinct regional and cellular distributions (Slaughter et al. 2007; Domi et al. 2007; Boczek et al. 2019).
Because PMCA-mediated Ca?* extrusion is coupled to proton movement and is sensitive to the cellular
acid-base environment, PMCA represents a potentially important link between intracellular pH regulation
and neuronal Ca?* homeostasis (Boczek et al. 2014).

Finally, brain membranes exhibit anion-stimulated ATPase activities that differ in their dependence on
Mg?*. A Mg?+-dependent Cl-/HCO,~-stimulated ATPase activity has been identified in neuronal
membranes and associated with the intracellular domains of GABA(A) receptor B-subunits. Experimental
evidence indicates that 1- and B3-containing receptor complexes can exhibit Cl--stimulated ATPase
activity, whereas 33 is particularly associated with combined Cl-/HCO,~-ATPase activity and ATP-
dependent regulation of anion transport (Menzikov et al. 2021; Menzikov et al. 2022; Menzikov et al.
2023). HCO,- can substantially enhance and stabilize this ATPase activity, suggesting a functional
relationship between GABA(A) receptor signaling and neuronal Cl-/HCO,~ homeostasis. In parallel, a
distinct Mg2*-independent HCO,™-stimulated ATPase has been characterized in synaptosomal and
microsomal fractions of rat brain, demonstrating kinetic properties distinct from those of the Mg?+-
dependent enzyme (Dzneladze et al. 2015). Because these ATPase activities are directly regulated by Cl-
and/or HCO4, alterations in extracellular and intracellular acid-base conditions may influence their
activity and kinetic properties. Thus, these systems provide a plausible molecular link between
hyperchloremic acidosis and altered neuronal anion homeostasis, warranting investigation of their
kinetic behavior in the hippocampus.

2. Materials and Methods
2.1 Study Design

The research was conducted on 30 Lewis male laboratory rats, weighing 250 + 25 g. Animals were
housed and maintained in accordance with the Guide for the Care and Use of Laboratory Animals (2011)
at the Department of Biology, Iv. Javakhishvili Thilisi State University. All experimental procedures were
approved by the institutional ethics committee and performed in accordance with the ARRIVE guidelines
(Animal Research: Reporting of In Vivo Experiments) (Percie du Sert et al. 2020). Throughout the study,
the rats had unrestricted access to both water and standard laboratory-grade food. The ambient room
temperature was rigorously maintained at 22 + 2.C to ensure a stable and comfortable environment for
the animals. Furthermore, the rats were subjected to a controlled 12-hour light-dark cycle to mimic their
natural circadian rhythm.

Before the commencement of any experimental procedures, the rats were allowed a period of 7 days for
acclimatization to the vivarium conditions. Following this adaptation phase, they were randomly divided
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into two distinct experimental groups, each composed of 15 rats:

» Group | (Control): Rats received standard laboratory-grade food and drinking water ad libitum

» Group Il (Hyperchloremic Acidosis model): Rats received standard laboratory-grade food and 0.28M
ammonium chloride (NH,CI) in drinking water ad libitum, for 14 days.

On the 14th day of the study, the animals from each group were euthanized according to international
guidelines (AVMA 2020). After euthanizing the animals, we decapitated them. The blood was collected
from tail vein and plasma was separated as described earlier (Abatan et al. 2008). Then brains were
removed. Using the rodent brain coronal matrice (RBMS-300C), stereomicroscope (Laxco LMS-
Z230PMZS33) and rat brain atlas, we dissected the hippocampus and froze at -80 -C.

2.2 Model Validation

For validation of hyperchloremic acidosis pH, HCO3~, CI-, Na*, and K* levels were studied in blood
plasma using comertial assay kits (ab228552, Z01MM-0326-JL1258, MAK510-1KT, ab211096, NBP3-
25780).

2.3 Subcellular Fractionation

Fractionation of brain tissue was performed as as per Whittaker (1969). Briefly, rat hippocampus tissues
were homogenized in 0.32 M sucrose and centrifuged at 1,000x g for 10 min. The supernatant (S1) was
collected and centrifuged at 17,000x g for 55 min, resulting in the S2 supernatant and the P2 pellet
(crude mitochondrial fraction). S2 was centrifuged at 100,000x g for one hour to generate the
supernatant (cytosol fraction). P2 was resuspended in 0.32 M sucrose and layered ontoa 1.2 M, 0.8 M
block sucrose gradient. Following centrifugation at 53,000x g for two hours, fractions A (0.32/0.8M
boundary), B (0.8/1.2 M boundary), and C (pellet below 1.2 M) (pure mitochondrial fraction) were
collected and centrifuged at 100,000x g for one hour to isolate membranes. Pure mitochondrial and
cytosol fractions were used for further experiments (Zhgenti et al. 20253, b).

2.4 Na/K ATPase activity and Kinetic Properties

The samples were incubated for 15 min at 37°C. The difference between these two assays was used to
compute the activity from Na/K ATPase. The amount of inorganic phosphate (Pi) produced by enzyme-
induced ATP hydrolysis was used to calculate ATPase activity (per mg protein and per hour). Na/K-
ATPase activity was expressed as pmol Pi/mg protein per hour (Chkadua et al. 2024). In rodents, the
Na/K-ATPase a1 isoform is 1000 times less sensitive to the cardiac glycoside ouabain than the Na/K
ATPase a2/3 isoforms, thereby allowing the a2/3-isoform fraction and a1 subunit activity to be
evaluated independently with 3 uM and 3 mM ouabain (Kinoshita et al. 2014). A colorimetric analysis of
inorganic phosphate was thereafter performed (Fiske and Subbarow 1925; Chkadua et al. 2022).

2.5 Mg?*-dependent Ca?*-ATPase activity and Kinetic
Properties
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Mg?+-dependent Ca2*-ATPase activity was determined by measuring the amount of inorganic phosphate
(Pi) released during ATP hydrolysis. The assay was performed in the presence of Mg?* and different
concentrations of Ca?*, with ATP serving as the substrate. Following incubation under standardized
conditions, the reaction was terminated and liberated Pi was quantified colorimetrically using the Fiske-
Subbarow method. ATPase activity was expressed as pmol Pi released per mg protein per min. The
dependence of enzyme activity on Ca?* concentration was used to characterize the kinetic properties of
Ca2*-ATPase (Nozadze et al. 2015).

2.6 Mg2*-dependent and Mg?*-independent HCO3™ -ATPase
activity and Kinetic Properties

HCO,--ATPase activity. Mg?*-dependent and Mg?*-independent HCO,~-ATPase activities were determined
in membrane preparations by measuring ATP hydrolysis and quantifying the released inorganic
phosphate (Pi). Mg?+-dependent HCO,~-ATPase activity was measured in the presence of Mg?* and
HCO;-, whereas Mg?*-independent activity was determined in the absence of Mg?+. The reaction was
initiated by addition of ATP and terminated after a defined incubation period, followed by colorimetric
determination of liberated Pi. Enzyme activity was expressed as pmol Pi-mg protein-"-min-". For kinetic
characterization, enzyme activity was determined at different concentrations of HCO;-, and kinetic
parameters were calculated from the corresponding substrate-dependence curves (Dzneladze et al.
2015; Koshoridze et al. 2012).

2.7 Chemicals and Reagents

All the reagents were purchased from Sigma—Aldrich (Sigma—Aldrich Inc., St. Louis, USA) unless
otherwise specified.

2.8 Statistical Analysis

All data are presented as mean + SEM. Statistical analyses were performed using GraphPad Prism 9.0
(GraphPad Software, USA). Data distribution was assessed using the Shapiro-Wilk test. Comparisons
between the control and social isolation groups were performed using an unpaired two-tailed Student’s t-
test. Where the data did not meet the assumptions of parametric analysis, the Mann—-Whitney U test was
used. A p value < 0.05 was considered statistically significant.

A kinetic analysis method of multi-sited enzyme systems was subsequently used to assess
experimental curves. The “method of power function transformation” was used to determine the number
of sites designated for the essential activators (n) (Chkadua et al. 202243, b; Kometiani et al. 2007)

3. Results
3.1 Model Validation

Page 6/20



Before investigating the transport ATPases, the experimental model was first validated by assessing
selected plasma parameters. As shown in Fig. 1A, plasma pH was significantly reduced in mice with
hyperchloremic acidosis (group Il; p < 0.001). Plasma HCO;- concentration was also significantly
decreased (p < 0.01), whereas CI- concentration was significantly increased (p < 0.001). In contrast,
plasma Na* and K* concentrations did not differ significantly between the groups (p > 0.05) (Fig. 1B).

3.2 Activity of transport ATPases

In the next stage of the study, the activities of selected transport ATPases were assessed in plasmatic
membrane of hippocampus of experimental animals. As shown in Fig. 2, the activities of Na*/K*-ATPase
(p<0.001), Ca?*-ATPase (p < 0.001), and Mg?+-dependent HCO,~-ATPase (p < 0.01) were significantly
reduced in animals with hyperchloremic acidosis (group II). In contrast, the activity of Mg?*-independent
HCO,~-ATPase was significantly increased under hyperchloremic acidosis (p < 0.001).

3.3 Kinetic Properties of Na/K ATPase

After determining the total Na*/K*-ATPase activity, the activities of the a1 and a2/3 isoforms were
assessed separately in hippocampus of experimental rats. In rodents, the Na*/K*-ATPase a1 isoform is
approximately 1,000-fold less sensitive to ouabain than the a2/3 isoforms, allowing the a2/3 fraction and
al isoform activity to be evaluated independently using 3 pM and 3 mM ouabain, respectively. As shown
in Fig. 3, the activity of the a1 isoform was significantly reduced by 64% in animals with hyperchloremic
acidosis (p <0.001), whereas a2/3 isoform activity was reduced by only 32% (p < 0.01).

Na+*-dependent kinetic analysis of Na*/K*-ATPase activity demonstrated that hyperchloremic acidosis
significantly decreased Vmax (p < 0.01), while Km for Na* remained unchanged (Fig. 4).

In contrast, K*-dependent kinetic analysis revealed a significant increase in Km for K* (p < 0.05),
accompanied by a decrease in Vmax (p < 0.01) (Fig. 5). These findings indicate a reduction in the
maximal catalytic capacity of Na*/K*-ATPase and a decreased apparent affinity for K+ under conditions
of hyperchloremic acidosis.

3.4 Kinetic Properties of Mg2*-dependent Ca?*-ATPase

In the next stage of the study, the dependence of Mg?*-dependent Ca?+-ATPase activity on Ca%*
concentration was assessed. Kinetic analysis showed that hyperchloremic acidosis significantly reduced
the Vmax of Mg?*-dependent Ca2*-ATPase in the rat hippocampus (p < 0.001), whereas Km for Ca?*
remained unchanged (Fig. 6).

3.5 Kinetic Properties of Mg?*-dependent and Mg2+-
independent HCO3™ -ATPase
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The kinetic characteristics of the anionic HCO,~-ATPases were investigated in parallel with those of the
cation-transporting ATPases, given the central role of HCO,~ homeostasis in hyperchloremic acidosis.
Two forms of HCO,-ATPase have been described: Mg?+-dependent and Mg?*-independent HCO;™-
ATPases, the latter being considered an ecto-ATPase [37]. As shown in Fig. 7, hyperchloremic acidosis
significantly reduced the Vmax of the Mg?*-dependent HCO,-ATPase (p < 0.01), whereas Km remained
unchanged.

In contrast, both the overall activity (Fig. 2) and Vmax (Fig. 8) of the Mg?*-independent HCO,~-ATPase
were significantly increased under hyperchloremic acidosis (p < 0.001), while Km remained unchanged.

4. Discussion

The present findings indicate that hyperchloremic acidosis is accompanied by a selective remodeling of
membrane ATPase function rather than a uniform suppression of ATP-dependent transport. The most
informative aspect of the data is that changes in enzyme capacity and substrate handling were not
identical among the transport systems examined. This distinction is important because neuronal ion
homeostasis depends on several energetically coupled transport processes whose relative contribution
changes with cellular and extracellular conditions.

The Na*/K*-ATPase appears particularly vulnerable to the acid-base disturbance. This is of considerable
physiological significance because maintenance of the transmembrane Na* and K* gradients represents
a major energetic demand of the brain, with Na*/K+-ATPase activity accounting for a substantial fraction
of cerebral energy consumption (Larsen et al. 2016). Consequently, impairment of pump capacity during
acidosis could create a mismatch between the energetic requirements of ionic homeostasis and the
ability of the membrane to sustain these gradients. Importantly, the kinetic pattern observed here argues
against a simple loss of Na* recognition by the enzyme. The preservation of apparent Na* affinity despite
reduced maximal activity is more consistent with altered catalytic turnover, reduced functional enzyme
availability, changes in membrane organization, or modification of regulatory mechanisms. Direct effects
of pH on Na*/K*-ATPase function are also biologically plausible, as protonation can influence cation-
binding sites and conformational transitions within the catalytic cycle (Cornelius et al. 2018). Thus, the
present findings are compatible with an alteration of pump turnover or catalytic-state distribution rather
than a generalized loss of Na* binding. The altered K* kinetics provide an additional layer to this
interpretation. The simultaneous reduction in maximal activity and increase in apparent K* Km indicate
that, in addition to reduced catalytic capacity, the apparent interaction of the pump with extracellular K*
is altered by the acid-base disturbance. This pattern is compatible with perturbation of the
conformational equilibria through which Na*/K*-ATPase alternates between Na*- and K*-dependent
states. Because ion binding and conformational transitions are mechanistically coupled within the Post-
Albers cycle, changes in the physicochemical environment could affect apparent K+ affinity without
necessarily causing nonspecific enzyme inhibition. The present data therefore favor selective
modification of pump kinetics rather than a generalized loss of enzymatic function. The differential
response of the a1l and a2/3 subunits is also potentially important. Na*/K+-ATPase isoforms are not
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functionally interchangeable: their expression is cell-type dependent and their kinetic and regulatory
properties differ. In the CNS, a2 is enriched in astrocytes, whereas a3 is predominantly neuronal, while a1
is broadly expressed in both neuronal and glial populations (lllarionova et al. 2014; Richards et al. 2007).
These isoforms make distinct contributions to extracellular K* regulation and neuronal excitability.
Therefore, the greater alteration associated with a1l in the present membrane preparation should not be
interpreted as evidence of preferential neuronal dysfunction. Rather, it may reflect the broader cellular
distribution of a1, differences in isoform-specific regulation, or changes in the relative contribution of
neuronal and glial membranes to the preparation.

The reduction in Mg?*-dependent Ca%*-ATPase capacity provides a second indication that acid-base
disturbance may compromise mechanisms responsible for maintaining intracellular Ca?* homeostasis.
This is potentially consequential in neural tissue because Ca?* functions not only as an ionic determinant
but also as a central intracellular signaling molecule, with neuronal survival and synaptic function
depending on tightly controlled spatial and temporal Ca?* gradients (Gu et al. 2025). Plasma-membrane
and intracellular Ca?+-ATPases cooperate with exchangers and channels to maintain this control. The
unchanged apparent Ca?* affinity observed in the present study suggests that the predominant alteration
is a reduction in functional capacity rather than a major change in the apparent interaction of the enzyme
with Ca?*. Nevertheless, reduced maximal activity could compromise the capacity of neuronal
membranes to restore cytosolic Ca?* following periods of elevated intracellular Ca?* (Brini and Carafoli
2011).

The HCO,-ATPase findings are particularly noteworthy because they demonstrate that hyperchloremic
acidosis does not uniformly suppress ATP-dependent membrane transport. Brain membranes contain
kinetically distinguishable Mg?*-dependent and Mg?*-independent HCO,-stimulated ATPase activities,
which have been characterized in synaptosomal and microsomal fractions of rat brain (Dzneladze et al.
2015). Their opposite responses in the present study therefore suggest that the acid-base disturbance
affects these enzymatic systems through distinct regulatory mechanisms rather than producing
generalized impairment of membrane ATPase function. One possible interpretation is that suppression
of the Mg?+-dependent pathway and enhancement of the Mg2*-independent pathway represent divergent
responses to the altered acid-base and ionic environment. The increase in Mg?*-independent activity
could reflect compensatory regulation of membrane-associated bicarbonate handling, whereas the
reduction in Mg?+-dependent activity may indicate greater sensitivity of this enzyme system to the
altered biochemical environment. However, because the present experiments did not directly assess
membrane localization, intracellular pH, or the molecular identity of these ATPase activities, an adaptive
interpretation remains provisional.

Taken together, the data support a model in which hyperchloremic acidosis selectively remodels the
functional balance among membrane ATPases involved in Na*, K*, Ca?*, and HCO,~ handling rather than
producing a generalized suppression of ATP-dependent transport. The kinetic patterns are particularly
informative because they distinguish reductions in maximal catalytic capacity from changes in apparent
substrate interaction. Na*/K+-ATPase and Mg?*-dependent Ca%*-ATPase primarily exhibited reduced
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maximal activity without a corresponding loss of apparent substrate affinity, whereas K* dependence of
Na*/K+-ATPase was additionally altered. In contrast, the Mg?+-dependent and Mg?*-independent HCO,™-
ATPase activities changed in opposite directions, further supporting the existence of system-specific
responses to the acid-base disturbance. Such differential remodeling may be physiologically more
relevant than the magnitude of change in any individual enzyme because neuronal ion homeostasis
depends on coordinated operation of multiple transport systems. Future studies integrating enzyme
kinetics with intracellular pH and Ca%* measurements, cellular ATP availability, transporter abundance,
and isoform-specific molecular analyses will be necessary to determine whether these changes
represent compensatory adaptations or contribute directly to impaired neuronal function during
sustained acidosis.

5. Conclusion

Hyperchloremic acidosis markedly alters the functional properties of hippocampal transport ATPases,
with impaired Na*/K*- and Ca2*-ATPase capacity and distinct kinetic alterations in K* handling. In
contrast, Mg?*-dependent and Mg?*-independent HCO,-ATPases respond divergently, suggesting
selective rather than generalized disruption of membrane transport. These findings identify transport
ATPases as potential functional targets of acid—base disturbances in the hippocampus.
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Effects of NH,Cl-induced hyperchloremic acidosis on selected plasma markers. (a) Blood plasma pH; (b)
Concentrations of electrolytes, including HCO,-, Cl-, Na*, and K*, in the blood plasma of experimental
animals. Data are presented as mean + SEM (n = 15 animals per group). Statistical comparisons
between groups were performed using an unpaired two-tailed Student’s t-test. *p < 0.05, **p < 0.01, and
***p < 0.001 compared with the control group (Group I)
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Figure 2

Effects of NH,Cl-induced hyperchloremic acidosis on activities of Na*/K*, Mg-dependent Ca®*, Mg-
dependent HCO3', and Mg-independent HCO5™ ATPases in the hippocampus of experimental animals.
Data are presented as mean + SEM (n = 15 animals per group). Statistical comparisons between groups
were performed using an unpaired two-tailed Student’s t-test. *p < 0.05, **p < 0.01, and ***p < 0.001
compared with the control group (Group 1)
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Figure 3

Effects of NH,Cl-induced hyperchloremic acidosis on activities of Na*/K* ATPase a1 and a2/3 subunits
in the hippocampus of experimental animals. Data are presented as mean + SEM (n = 15 animals per
group). Statistical comparisons between groups were performed using an unpaired two-tailed Student'’s
t-test. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the control group (Group I). The reaction
medium was [MgATP] = 1.68 mM;[Mg%*] = [ATP{] = 0.32 mM
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Figure 4

Effects of NH,Cl-induced hyperchloremic acidosis on the dependence of Na/K-ATPase activity on Na*

concentrations in the V2 = f(1/[Na*]) coordinate system. Data are presented as mean + SEM (n = 15
animals per group). Statistical comparisons between groups were performed using an unpaired two-
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tailed Student’s t-test. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the control group (Group 1).
The reaction medium includes [MgATP] = 1.68 mM;[Mg?*] = [ATP{] = 0.32 mM; [KCI]=125mM
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Figure 5

Effects of NH,Cl-induced hyperchloremic acidosis on the dependence of Na/K-ATPase activity on K*
concentrations in the V72 = f(1/[K*]) coordinate system. Data are presented as mean + SEM (n = 15
animals per group). Statistical comparisons between groups were performed using an unpaired two-
tailed Student’s t-test. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the control group (Group 1).

The reaction medium includes [MgATP] = 1.68 mM;[Mg%*] = [ATP{] = 0.32 mM; [NaCl] = 80mM
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Figure 6

Effects of NH,Cl-induced hyperchloremic acidosis on the dependence of Mg-dependent Ca%*-ATPase

activity on Ca”* concentrations in the V'/2 = f(1/[Ca*]) coordinate system. Data are presented as mean *
SEM (n = 15 animals per group). Statistical comparisons between groups were performed using an
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unpaired two-tailed Student’s t-test. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the control
group (Group I). The reaction medium includes [MgATP] = 1.68 mM;[Mg**] = [ATP{] = 0.32 mM
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Figure 7

Effects of NH,Cl-induced hyperchloremic acidosis on the dependence of Mg-dependent HCO5-ATPase
activity on HCO5  concentrations in the V2= £(1/] HCO4]) coordinate system. Data are presented as

mean = SEM (n = 15 animals per group). Statistical comparisons between groups were performed using
an unpaired two-tailed Student’s t-test. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the control

group (Group I). The reaction medium includes [MgATP] = 1.68 mM;[Mg**] = [ATP{] = 0.32 mM
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Effects of NH,Cl-induced hyperchloremic acidosis on the dependence of Mg-independent HCO3-ATPase

activity on HCO3 concentrations in the V2= £(1/] HCO41) coordinate system. Data are presented as
mean = SEM (n = 15 animals per group). Statistical comparisons between groups were performed using
an unpaired two-tailed Student’s t-test. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with the control
group (Group 1). The reaction medium includes [ATP{] = 0.32 mM
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