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The influence of ovalent cat®hs on membrane (Na* + K*)-ATPase was estimated in vitro in intact cells
rom the oxygen consumption of rat brain cortical slices. High concentrations of K*, Rb* or Cs* stimulated the
respiration in the presence of Na'. This stimulation was antagonized by ouabain in a concentration- and time-
dependent manner. Additionally, only comhinations of monovalent cations, that stimulate (Na* + K*)-ATPase,
nereased oxygen consumption, indicating that the stimulated portion of cegigation is related to the (Na* + K*)-
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intact brain cells, it cannot be assumed that
these cations affect Na',K'-ATPase in vivo in
a manner similar to that described in an
isolated enzyme system. In addition, several
investigators (Hokin-Neaverson et al., 1974;
Hesketh et al.,, 1977; Frazer et al., 1978)
reported that Li* does not alter Na'K'-
ATPase activily under certain conditions.
Thus, the present study was undertaken to
clarify the actions of Rb* and Li" in rat brain
slices.

The direct measurement of the rate of ATP
hydrolysis in intact cells is not possible.
Attempts to estimate Na',K*-ATPase activity
from the amount of ATP remaining in brain
tissue is compljcated by a number of factors
and has failed to yield definitive data (King et
al., 1969). In a recent paper (Gubitz et al.,
1977), however, we demonstrated that
Na',K*-ATPase activity in brain slices can be
estimated accurately from that portion of the
brain slice respiration stimulated by Na' in
the presence of a high conecentration of K*. It
was shown that this fraction of the respiration
corresponds to the Na’ K'-stimulated ATPase
activity. In the present study, the effects of
monovalent cations on Na*,K*'-ATPase activ-
ity were estimated in brain slices using this
technique. The purpose of the study was to
determine whether these cations affect
Na“,K*-ATPase in intact cells in a similar
manner as that observed in isolated enzyme
preparations, and whether their effects on the
enzyme system might account for the well-
known clinical actions of these cations.

2. Materials and methods

Male Sprague Dawley rats weighing 200—
250 g were used. The animals were decapi-
tated and thin slices (approximately 0.5 mm
thick) were prepared from the cerebral cor-
tices. These were immediately weighed and

incubated at 37°C for 20 min in a 100% oxy- -

gen atmosphere in 1.8 mil of an incubation

medium containing (mM) 128 Na(Cl, 3 K(l,

1.23 MgS80,, 15 sodium phosphate buffer (pH
Y .
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7.4) and 24 glucose, unless otherwise indi-
cated. Oxygen uptake was assayed manomet-
rically by the method of Umbreit (1972
using a Gilson differential respirometer
(Gilson Medical Electronics, Inc., Middleton.
Wisc.). The control rate of brain slice respira-
tion was estimated for a 30-min period fol-
lowing a 20-min equilibration period. Sub-
sequently, a 0.2 ml! solution containing the
agent to be tested was added from the side
arm of the reaction vessel to the incubatior
medium and oxygen consumption wa
assayed for four additional 30-min periods.
The results were expressed as umoles of oxy-
gen consumed per gram tissue (wet weight!
per 30 min.

The effects of monovalent cations in the
presence of a high K concentration wer
studied using a medium containing (mM) 10(
KCl, 1.23 MgS0,, 15 Tris phosphate buffer
(pH 7.4) and 24 glucose. After the equilibra
tion period, the chloride salt of each catior
under study was added. Choline c¢hloride was
added in control vessels. Under these condi-
tions the portion of the slice respiration
stimulated by 10—100 mM Na’ has been
shown to be related to the enhanced ADP
generation due to Na',K'-ATPase activity
(Gubitz et al., 1977).

The actions of monovalent cations on the
maximally activated respiration of brain
homogenates (state 3 respiration) wen
studied as described by Potter (1972). Brieily.
thin tissue slices were prepared from the
cerebral cortex as described above and then
homogenized in 4 volumes of a 0.32M
sucrose solution using a Potter—Elvehjem
homogenizer with a Teflon pestle driven a
800 r.p.m. Al solutions and homogenates
were kept at 0—2°C until incubation. A 0.25
ml aliquot of a 20% homogenate was added to
1.75 ml of an incubation medium yielding
final concentrations of 2 mM Tris - ADP,
3 mM MgCl,, 10 mM KH,PO, buffer (adjusted
to pH 7.2 with KOH), 10 mM glucose, 0.07
mM K, - EDTA, 0.2 mM NAD, 40 mM nico-
tinamide and 40 ug of hexokinase enzyme
(activity, 18.5 units/mg protein).
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B0 was varied from O to 100 m)M. Chaoline
oride was used as an oimouc substitute 10
Baintain the added cation concentration at
00 mM. Oxvygen consumption was assaved at
0°C for a 15-min period. The oxvgen con-
mption observed in the prezence of added
etions was expressed as a percentage of thas
observed in the azpbsence of Li", Rb™ or Cs™.
Protein concentration was assaved in each
¥ homogenate using the biuret method as
k- described by Gornall et al, {1949).
RbCl, CsCl and TINO; were purchased from
Ventron Alpha Products (Beverly, Mass.) and
were  ‘“‘ultragrade’. Ouabain octahydrate,
. yeast hexokinase, NAD, glucose and Tris-ADP
»iwere obtained from Sigma Chemical Com-
1. pany (St. Louis, Mo.). Nicetinamide (U.S.P.)
i.was obtained from Merck and Company
(Rahway. N.J.) and choline chloride from
Eastman Orzanic  Chemicals (Rochester.
NY. LiCl and other reagzents used were of
analytical reagent grade and were obtained
from Mallinckrodt Chemical Works (St. Louis,
Mo.).
Statistical analysis was performed by
~ random design, or randomized complete
block analysis of variance. The Student-
Newman-Keuls test was used to determine
significant differences between means. The
accepted level of significance was a P-value of
less than 0.05.

3. Results
3.1. Effects of Rb" and Cs'

The Ca’’-free Krebs—Henseleit solution
used in the present study contains 3 mM KCI.
Oxygen consumption of rat brain slices in
such a medium, is approximately 50—60
pumols per gram tissue (wet weight) in 30 min
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chloride and therefore unrelated 10 Na".K'-
ATPase activity, is approximately 40 pmoles
DeT ogram owels tissue (Gubitz et al., 19771
Thnus, the Nz K -ATPaserelated
of brain slices is partially activated even when
KCl is not added to the incubation medium.
It is plausible that such an activation of
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F1g 1. Stimulation of brain slice respiration by K",
Rb* or Cs* in a high Na* medium. Oxygen consump~
tion of rat hrain cortical slices was assayed at 37°C in
a K'-free medium containing 128 mM NaCl. After an
equilibration period, either KCIl, RbhCl or CsCl was
added to yield indicated final concentrations. Appro-
priate concentrations of choline chloride were also
added so that the osmolarity was the same in each
vessel following the addition. Slice respiration was
then assayed for a 30-min period. Fach point
represents the mean of 6 experiments, * Significant
stimulation by the added cation.
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Na',K'-ATPase in a K*-free medium is due to
the presence of intracellular K*. When K*
reaches the external surface of the cell mem-
brane by passive efflux, it activates Na" K'-
ATPase, and is concomitantly taken up by
the active cation transport mechanism, as
indicated by the ability of brain slices to
maintain an intracellular K* concentration in
a K*-free medium for a prolonged period of
time. The difference between the *‘basal
respiration” and the respiration observed in
a Ca®*-free medium, either in the presence or
absence of KCl, therefore appears to represent
the oxygen consumption as a result of the
activity of Na*,K*-ATPase in resting cells. This
oxygen uptake is approximately 15—20
umoles per gram tissue (wet weight) in 30
min.

The further addition of KCI causes a con-
centration-dependent increase in the respira-
tion rate. It has been shown previously that
this K'-induced stimulation observed in the
presence of Na® is primarily due to an
enhanced ADP production resulting from the
activation of membrane (Na' + K*)-ATPase
(Whittam,1962; Whittam and Blond, 1964;
Gubitz et al., 1977). Either RbCl or CsCl can
substitute for KCl to stimulate brain slice
respiration {fig. 1). These findings are consis-
tent with the observation that either Rb* or
Cs* can replace K’ in the activation of mem-
brane (Na® + K*)-ATPase in the presence of
Na" (Skou, 1960). Unlike the stimulation in
isolated (Na" + K')-ATPase preparations, how-
ever, Cs" is apparently more potent than
either K* or Rb" in enhancing slice respira-
tion. It should also be noted that none of
these cations had an effect on brain slice
respiration in concentrations below 20 mM.

QOuabain, a specific inhibitor of (Na* + K*)-
ATPase, inhibits the K'-induced enhancement
of slice oxygen consumption (Whittam, 1962;
Whittam and Blond, 1964). Similarly, ouabain
at concentrations of 10 and 100 uM signifi-
cantly inhibits the slice oxygen consumption
stimulated by 100 mM RbCl (fig. 2; left
panel). In addition to the inhibition of (Na* +
Rb")-stimulated portion of the slice respira-

g
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tion (open bars), 100 uM ouabain also inhibits
respiration in the absence of RbCl (shaded
bars). Similar results were observed when 100
mM CsCl was used instead of Rb(l (fig. 2;
right panel}). While the inhibiting effect of
1 uM ouabain on (Cs" + Na”)-stimulated respira-
tion was not observed under the conditions of
fig. 2, it was possible to demonstate an effect
of 1 uM ouabain with a different experimen-
tal design. These studies are shown in fig. 3.
In these experiments, the slices were exposed
to 1uM ouabain during an initial 20-min
equilibration and a subsequent 30-min control
observation period prior to the addition of
CsCl. The addition of CsCl in the absence of
ouabain causes a significant stimulation of
oxygen consumption which was observed
during the entire 120-min observation period.
In the presence of 1uM ouabain, the (s'-
induced stimulation was slightly smaller
during the first 30-min period, but progres-
sively decreases during subsequent observa-
tion periods, approaching the non-stimulated
rate,

The observation that ouabain antagonizes
the (Na'+ Rb")- or (Na'+ Cs’)-stimulated
respiration further supports the contention

. that high concentrations (100 mM) of Rb* or -

Cs* stimulate (Na®+K*')-ATPase in brain
slices. Moreover, Rb" and Cs* had similar
effects on respiration and apparently on
(Na® + K*)-ATPase in intact cells.

The stimulation of oxygen consumption by
either Rb" or Cs' in a high Na' medium indi-
cates that these cations can substitute for K,
Whether these cations arc stimulatory in the
absence of Na' was examined next. The oxy-
gen consumption in a Na'-free medium con-
taining a high concentration of K* was lower
than that observed in a high Na', low K’
medium (compare figs. 1 and 4) as reported
earlier (Gubitz et al., 1977), The addition of
NaCl (final concentration , 100 mM) signifi-
cantly stimulated respiration in this medium,
whereas the addition of choline chloride had
no significant effect (fig. 4). Similarly, neither
RbCl nor CsCl (final concentrations, 100 mM)
affected respiration in a Na'-free medium con-
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Fig. 2. Effects of Rb", Cs* and ouabain on brain slice respiration, Cortical slices were incubated at 37°C for 30
min in a medium containing 128 mM NaCl, 3 mM KCI and either 0, 1, 10 or 100 uM ouabain. RbCl (lefl panel),
CsCl (right panel) or choline chloride was then added in final concentrations of 100 mM. Slice respiration during
the first 30-min period following the addition is shown. Total bar represents the respiration in 100 mM RbCl or
CsCl and shaded bar, the respiration in 100 mM choline chloride. Thus, open bar represents the (Na* + Rb*)- of
{(Na' + Cs")-stimulated portion. Vertical lines indicate the S.EM. of 4 experiments, * Signiflicant inhibition by

ouabhain.

taining a high concentration of K*. The addi-
tion of the same concentration of LiCl caused
an inhibition of oxygen consumption under
these experimental conditions. Thus, neither
Rb*, Cs* nor Li* can substitute for Na* in the
presence of a high concentration of K*,

3.2, Effects of L

Previous studies (Tobin et al., 1974; Han et
al., 1976) indicate that Li"* is capable of sub-
stituting for either Na" or K" in certain of the
partial reactions of isolated (Na'+K")-
ATPase. In particular, Li* stimulates (Na* +
K*)-ATPase activity in the presence of Na’
and relatively low concentrations of K* (Tobin
et al., 1974). Thus, the effect of Li" on slice
respiration was examined in a medium con-
taining 150 mM NaCl and 1.5 mM KCIl. Under

these experimental conditions, LiCl in con-

centrations of 1—10 mM appears to increase

oxygen consumption during the first and
second 30-min observation periods (fig. 5).
Even if real, these effects of Li", however,
were transient and disappeared at later
observation times. A higher concentration of
LiCl (30 mM) actually inhibits respiration.
This inhibitory effect of LiCl increases with
time. Thus, the action of LiCl is concentra-
tion dependent; it would appear to enhance
brain slice respiration in a high Na’, low K’
medium at low concentrations and progres-
sively inhibits it at high concentrations, In the
presence of high coneentrations of Li", the
inhibitory effect undoubtedly masks the
stimulatory action of this cation.

Li* and Na" share common characteristics
with respect to their effects on isolated (Na* +
K*)-ATPase (Skou, 1960; Post et al.,, 1972;
Tobin et al., 1974; Han et al., 1976), although
Li* is incapable of fully activating the ATPase
reaction in the presence of K*, Mg?* and ATP.
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Fig. 3. Effect of ocuabain on {Na™ + Cs*)-stimulated
respiration of brain slices. Oxygen consumption of

Cxygen consumption {umol/g-320 min

cortical slices was assayed at 37°C for a 30-min -

period in a medium containing 128 mM NaCl and
3 mM KC! with either no (circles) or 1 UM ouabain
(squares), At time zero, CsCl (closed symbols) or
choline chlaride {open symbols) was added to the
incubation mixture in a final coneentration of 100
mM, and the oxygen consumpiion was assayed for
additional four 30-min periods. Values obtained after
the addition of choline chloride in the presence and
absence of ouabain were pooled since this concentra-
tion of ouahain failed to affect non-stimulated
respiration, The mean value of 4 experiments was
plotted against the time corresponding to the mid-
point of each observation period. * Significant
stimulation of oxygen consumption by Cs®,

Therefore, it seemed reasonable to determine
whether high concentrations of Li* inhibits
respiration by competing with Na*. In a Na™-
free medium containing a high concentration
of K, the addition of Na* to the medium
causes a concentration-dependent increase in
Oxygen consumption (fig. 6). The addition of
Li* fails to stimulate respiration (values at
O0mM NaCl in fig. 6). This finding indicates
that Li* cannot substitute for Na* to stimulate
respiration in a high K* medium. The presence
of 20 mM LiCl actually decreases the Na'.
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Fig. 4. Effects of Na*, Rb*, Cs* and L;* on brain slice
respiration in a Na*-free medium containing K. Oxy-
gen consumplion was assayed at 37°C for a control
half-hour period in a Na*-free medium containing 100
mM KCJ. Subsequently either NaCl, choline chlgride,
RbCI, CsCl or LiCl was added to the incubation mix-
ture at time zero in the final conceniration of 100
mM, and the oxygen consumption was assayed for
additional four 30-min periods. The mean value of §
experiments is plotted against the time corresponding
to the midpoint of each observation period. Vertical
lines indicate representative S.E.M, # Significantly
different from corresponding control values ahserved
after the addition of choline chioride.

Oxygen consumption

stimulated respiration in a high K™ medium.
At the concentrations of Li" and Na’ studied,
the data did not reveal that Li" produced a
change in the slope of the regression line,
decreased the maximal rate of Na'-stimulated
respiration, or caused a parallel shift to the
right in the Na*-stimulation curve, It was thus
not possible to ascertain whether the effect
of Li' was competitive or non-competitive

with respect to Na’.
In further attempts to elucidate the mecha.
nism by which Li* inhibits (Na® + K*)-stimu.
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, Fig. 5. Effects of Li' on brain slice respiration in a

“high Na*, low K" medium. Oxygen consumption was
ssayed at 37°C for a control 30-min period in a
medium containing 150 mM NaCl and 1,5 mM KCl.
At time zero, LiCl was added to the incubation mix-
ture in the indicated final concentrations and the
oxygen comsumption was assayed for additional four
30-min periods. The mean value of 3 experiments is
plotted against the time corresponding to the mid-
point of each ohservation period.

lated respiration, the effects of Li* on the
state 3 respiration of brain homogenates were
studied (fig. 7). Under these experimental
conditions, brain mitochondria are consuming
oxygen at a high rate in the presence of
optimal substrate, phosphate ions and phos-
phate acceptor (ADP) concentrations. The
addition of LiCl in concentrations of 20—~100
mM significantly inhibits homogenate respira-
tion whereas lower concentrations of LiCl (10
mM or less) have no effect. In contrast to
LiCl, neither RbCl nor CsCl has a significant
effect on homogenate respiration in concen-
trations up to 100 mM, Thus, high concentra-
tions of LiCl appear to directly inhibit oxygen
consumption of brain mitochondria whereas
similar concentrations of RbClI or CsCl, or low
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Fig. 6. Effects of Li* on Na’stimulated respiration in
a high K" medium. Cortical slices were incubated at
37°C for 30 min in a Na*-free medium containing 100
mM KCI and either 0 or 20 mM LiCl. NaCl was then
added. Appropriate concentrations of choline
chloride were also added so that the osmolarity was
the same in each vessel following the addition. Slice
respiration was then assayed for a 30-min period.
Each point represents the mean of 4 experiments.
Vertical lines indicate 5.E. M.

concentrations of LiCl do not have such
effects.

3.3. Effects of TI"

In isolated enzyme systems, thallous ions
have been shown te be an effective substitute
for K in the (Na® + K")-ATPase reaction, and
an inhibitor of (Na'+ K")-ATPase in the
presence of Na® and K* (Inturrisi, 1969). For
this reason, the action of T1' on brain slice
respiration was studied, In these .studies,
TINO; was used instead of the chloride salt
because of the relatively low water solubility
of the latter compound. In a high (Na* + K*)-
medium, 3 mM TINO, significantly inhibits
respiration (fig. 8) while concentrations of
TINO; less than 1.0 mM have no effect.
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Fig. 7. Effcets of Li*, Rb* and Cs* on brain homo-
genate respiration. Sucrose homogenates of cortical
slices were incubated at 30°C in a Na'-free medium
containing Tris-ADP, MgCl,, potassium phosphate
buffer (pH 7.2), glucose, EDTA, NAD, nicotinamide
and hexokinase. The concentration of LiCl, RhCl or
CsCl were varied from 0 to 100 mM, using choline
chloride as an oasmotic substitute to maintain the
added cation concentration at 100 mM, Potassium
concentration was approximately 25 mM. The rate of
oxygen consumption in the absence of added eation
(control vaiue) was 0.34 to 0,46 umol per gram tissue
{wet weight} in 15 min. This value for each prepara-
tion was set at 100%. Each point represents the mean
of b experiments. Vertical lines indicate representa-
live 8. E.M. * Significant inhibition eompared to the
control value,

To determine if TI" is capable of sub-
stituting for K*, the effect of T1* was studied
in a K'-free medium in the presence of 128
mM NaCl. Under these conditions, however,
high concentrations of T1° markedly inhibits
oxygen consumption (fig. 9). The inhibition
caused by TI" is markedly greater in the
absence of K’ (fig. 9) than in its presence

(fig. 8). For example, 3.0 mM TINO, causes a .

90% inhibition in the absence of K* compared

T A
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Fig. 8. Effects of TI* on brain slice respiration in a
high (Na® + K*)-medium. Oxygen consumption was
assayed at 37°C for a control 30-min period in a
medium containing 128 mM NaCl and 100 mM KCL.
Subsequently, TINO; was added to the incubation
mixture at lime zero, yielding the indicated final
concentirations, and the oxygen consumption was
assayed for additional four 30-min periods. The mean
value of 8 experiments is plotted against the time
corresponding Lo the midpoint of each ohservation
period. Vertical lines indicate representative S.E.M.
* Bignificant inhibition by T1".

to a 27% inhibition in the presence of 100 mM
KCl, 100 min after the addition of this cation.
The inhibition in the absence of K* is time-
dependent (fig. 9). Only during the first
30-min period, did 0.3 and 1.0 mM TING,
produce a slight stimulation of respiratiomn,
Thus, the predominant action of TI in a high
Na® medium containing no K* is the inhibi
tion of the respiration. It is conceivable that
the stimulation observed at early times with
low concentrations of TI* is masked during
later observation periods or at high concentra-
tions of T1" by the inhibitory effect of this
cation,

-t
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Fig. 9. Effects of TI” on brain slice respiration in a K*-
free medium containing Na®. See legend to fig. 8. A
K'free medium containing 128 mM NaCl was used.
Each point represents the mean of 4 experiments,
* Significantly different from the corresponding con-
trol value,

4, Discussion

Brain slice respiration was stimulated by
K, Rb® or Cs' in a medium containing Na*.
Cs" is somewhat more potent than Rb* or K*,
as reported in a previous study (Hertz and
{ Schou, 1962). In isolated enzyme prepara-
‘__ tions, however, higher concentrations of Cs*
than those of K or Rb" are required for the
activation of ATPase in the presence of 100
i mM NaCl, 6 mM MgCl, and 3 mM ATP {Skou,
1960). This discrepancy might be due to
differences in the environment surrounding
{Na' + K")-ATPase and asymmetric activation
of the enzyme activity by monovalent cations
in intact cells. In isolated enzyme studies
tation binding sites on (Na' + K*)-ATPase in
contact with the extracellular fluid (K'-
binding sites) and those facing the intra-
cellular fluid (Na’-binding sites) are exposed
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to the same medium containing a high con-
centration of Na‘. Thus, the affinity of K*-
binding sites for K*, Rb* or Cs* determines
the potency of these cations to stimulate
ATPase activity. In contrast, the Na*-activa-
tion of (Na® + K*)-ATPase in intact cells takes
place in the presence of the relatively low
[Na']; which is normally antagonized by the
high [K"];. There is good evidence that inter-
nal Na' concentration is the principal deter-
minant of the sodium pump activity (see
Thomas, 1972). Thus, the potency of K*, Rb*
or Cs* might not be primarily determined by
the affinity of K'-binding sites for these
cations in intact cells. Alternatively, K*, Rb*
or Cs* could stimulate oxygen consumption
by inducing membrane depolarization. The
membrane depolarization, however, is not the
direct cause of the stimulation of oxygen
consumption in brain slices {Gubitz et al.,
1977). 1t has been shown that depolarization-
induced increase in Na' influx stimulates OXxy-

. Ben consumption by increasing intracellular

Na" available to sodium pump,

The concentration and time dependency of
the inhibitory action of ouabain on the Rb*-
or Cs'-stimulated respiration is similar to
those actions of ouabain previously observed
with K"-stimulated respiration (Gubitz et al.,
1977). In addition, only those combinations
of monovalent cations that activate (Na* +
K')-ATPase increased oxygen consumption in
the present study. These data thus confirm
our previous observation (Gubitz et al., 1977)
that Na" K*-ATPase activity can be estimated
in intact cells by measuring the oxygen con-
sumption of brain slices.

The inhibition of nonstimulated slice
respiration by high concentrations of ouabain
(fig. 2) is due to the accumulation of [Na'];,
which in turn directly inhibits oxidative phos-
phorylation (Gubitz et al., 1977). In a similar
fashion, Li* inhibits oxygen consumption of
brain homogenates, indicating that intra-
cellular Li" accumulation also reduces slice
respiration. Such results were observed when
high concentrations of LiCl were added to a
Na'-free medium containing 100 mM KCl
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(fig. 4) or to a medium containing 150 mM
NaCl and 1.5 mM Kl (fig. 5). The presence
of 20 mM LiCl also reduced the Na‘-stimu-
lated respiration observed in a high K*
medium. Attempts to evaluate the kinetics of
the antagonism of Na'-stimulation by Li*
were unsuccessful because of the narrow
range of Na' concentrations that could be
examined. Studies shown in fig. 7 suggest that
at least a part of the effect of Li* is due to
direct inhibition of oxidative phosphorylation
and hence might be non-competitive with
respect to Na*,

Low concentrations of 'T1* stimulated brain
respiration in a K'-free medium containing
128 mM NaCl. Since the increased respiration
was not observed in the presence of K*, such
an effect of T1" results from the ability of this
ion to substitute for K* in stimulating ATPase
activity (Inturrisi, 1969) and hence would not
occur in vivo where K* is present in concen-
trations which are not rate-limiting for the
(Na” + K*)-ATPase reaction (Schwartz et al.,
1975). The stimulation was observed only
with low concentrations of T1" and during the
earlier observation period, indicating that this
stimulatory action of TI" is masked hy the
predominantly inhibitory action of this cation
at higher concentrations and during later
observation periods. The primary mechanism
for the TI'-induced inhibition is probably
direct damage to mitochondria, similar to that
previously reported in cultured nervous tissue
{Spencer et al., 1973). In addition, TI* could
be reducing oxygen consumption by inhib-
iting (Na" + K')-ATPase in the presence of
Na® and K*. This latter effect, however, can-
not account for the marked reduction in
respiration observed in the absence of K*, The
inhibitory action of T!I' was significantly
greater in the absence of K* than in its pres-
ence, indicating that the access or the binding
of TI" to its inhibitory sites is antagonized by
K*. The above results obtained with Li* and
TI', thus, indicate the limitations of the
current method to assess Na* K'-ATPase activ-
ity from slice respiration data. If the test
agent interferes with the normal process of

T. AKERA ET AL,

oxidative phosphorylation, the results should
be carefully evaluated.

At high concentrations, Cs* and Rb” stimu-
lated slice oxygen consumption. At lower
concentrations, however, these cations failed

to have any effect indicating that therapeutic

concentrations of Rb* probably do not affect
the (Na'+ K')-ATPase aclivity. Thus, the
present study does not provide supportive
evidence for the contention that the anti-
depressive action of Rb* is due to its inhibi-
tion of brain (Na’ + K*)-ATPase activity. In
contrast, low concentrations of Li' apparently
stimulated the oxygen consumption under
certain conditions, consistent with the action
of this cation on isolated (Na* + K*}-ATPase
activity. The effect of Li* to stimulate iso.
lated (Na® + K*)-ATPase (Spring, 1976: Han
et al., 1976) is presumably due to uncoupling
of the transport of monovalent cations from
the hydrolysis of ATP (Willis and Fang, 1970;
Post et al., 1972: Tobin et al., 1974). Brain or
kidney slices leached and incubated in a Na'-
free medium containing either 125 mM LiCl
(Hertz and Schou, 1962) or 140 mM LiCl
(Willis and Fang, 1970) have been shown to
have a transient high respiration rate. The
therapeutic concentration of Li’ in plasma,
however, is in the range of 0.6 to 1.5 mEqg/
liter with toxic effects seen at higher concen.
trations (Gershon, 1970). Thus, the concen-
tration of Li” which caused a stimulation of
brain slice respiration {3 mM) wouid normally
be toxic. In addition, the stimulation was
only transient whereas the therapeutic effect
of Li' is observed only after chronic adminis
tration of the agent {Gershon, 1970). More.
over, the effect of Li* on memhbrane function
could be an inhibition of sodium pump activ-
ity, similar to that of Rb*, despite the stimula-
tion of ATP utilization and respiration (Willis
and Fang, 1970; Ku et al., 1975, 1978).

In conclusion (Na'+ K*)-ATPase activity
per se does not appear to be involved in the
central nervous system effects of Li* or Rb’
despite the fact that this enzyme system is
capable of sharply discriminating between
these two cations,
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