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Estimates of clearance and volume of distribution,
assuming that the absolute bioavailability of indobufen is
1, give mean values of 1.2L/hr and 15.1L for the R-
enantiomer and of 2.3 L/hr and 20.1 L for the S-enantiomer.

The urinary excretion of total S-indobufen and of total -

R-indobufen after administration of the racemate was
essentially the same. No difference was observed either
in the urinary excretion of total S-indobufen after
administration of the racemate or of the S-enantiomer.

The results obtained in this study provide some
clarification of the most important aspects of the disposition
of the indobufen enantiomers in man. First, after
administration of racemic indobufen, the plasma levels of
the S form were markedly lower than those of the R form.
Pharmacokinetic analysis suggests that this difference is
due to faster elimination of the S-enantiomer. After
administration of the S-enantiomer no detectable levels of
the R-enantiomer were found either in plasma or in urine,
showing that no chiral inversion of S-indobufen to its R-
antipode occurs in man.

Plasma levels, urinary excretion and pharmacokinetic
parameters of S-indobufen were the same after adminis-
tration of the racemate or of the S-enantiomer when this
was given at half of the dose, showing that in man the
pharmacokinetic behaviour of the S-enantiomer is not
affected by the presence of the R-enantiomer and that R-
indobufen is not converted metabolically to the S-
enantiomer. In man, the urinary excretion of total
indobufen (free + glucuronide) is very important and this
is in sharp contrast with data obtained in the rat [5]. In
conclusion, as the pharmacokinetic behaviour of S-
indobufen, which is the active enantiomer, in man showed
some differences as compared with the R-enantiomer, any
future work attempting to establish plasma concentration—
response relationships should be done using the §-
enantiomer values.
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Effect of ethanol on the Na*- and the Na*,K*-ATPase activities of basolateral
plasma membranes of kidney proximal tubular cells
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Abstract—The Na*- and the Na*,K*-ATPase activities of basolateral plasma membranes from rat
kidney proximal tubular cells were affected differentially by ethanol. Moreover, at concentrations of
ethanol that can be reached in vivo in the blood plasma (50 mM) there was a significant effect on the
Na*-ATPase activity and practically no effect on the Na*,K*-ATPase activity.
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Two active mechanisms of Na* extrusion (pumps) have
been shown to be present in proximal tubular cells of
mammalian kidney: the Na* K*-pump, which extrudes
Na* in exchange for K*, and the Na*-pump, which extrudes
Na* accompanied by Cl~ and water [1, 2]. The first system
is totally inhibited by ouabain, is partially inhibited by
ethacrynic acid and is insensitive to furosemide. The second
system is insensitive to ouabain and is totally inhibited by
ethacrynic acid and furosemide [3]. Similarly, two Na*-
stimulated ATPases have been described to be present in
basolateral plasma membranes of cells from this tissue: the
Na*,K*-ATPase, which is stimulated by Na* and K*, is
inhibited by ouabain, is partially inhibited by ethacrynic
acid and is insensitive to furosemide; and the Na*-ATPase,
which is stimulated by Na*, is insensitive to ouabain and
is totally inhibited by ethacrynic acid and furosemide [4-
6.
Ethanol has been shown to increase the fluidity of
biological membranes [7, 8] and also to inhibit the activity
of several enzymes associated with them, particularly, the
Ca?*-ATPase [9] and the Na* ,K*-ATPase [10-13].

The present work was undertaken to compare the effect
of ethanol, in vitro, on the Na*-ATPase and the Na* K*-
ATPase activities of basolateral plasma membranes from
rat kidney proximal tubular cells.

Materials and Methods

Healthy male rats (3 months old) of the Sprague-Dawley
strain were anesthetized with ether and immediately killed
by decapitation. The kidneys were removed, decapsulated,
and collected in a medium containing 250 mM sucrose/
20mM Tris-HCl (pH 7.2)/0.5mM dithiothreitol/0.2 mM
phenylmethylsulfonyl fluoride (sucrose/Tris medium), at
4°. The outermost slices of the kidney cortex (rich in
proximal tubules) were homogenized and centrifuged at 4°
according to the method described elsewhere {14, 15], to
prepare the basolateral plasma membrane enriched

fractions. The final pellet was resuspended in the sucrose/

Tris medium, frozen, and kept at —20° until used.

The Mg?*-, the Na*- and the Na* ,K*-ATPase activities
were determined as already described {16, 17]. Before the
ATPase assays, the membranes were treated with sodium
dodecyl sulfate (SDS, Bio-Rad Laboratories, Richmond,
CA), using optimal ratios of SDS/protein, in order to avoid
vesicles {17]. All the assays of the Na*-ATPase activity
were carried out in a K*-free medium in the presence of
7 mM ouabain (Sigma Chemical Co., St. Louis, MO). The
ATPase activity was expressed as nanomoles of P; per
milligram of protein per minute. The three enzyme activities
for all the tested concentrations of ethanol were determined
for six separate preparations which were assayed in
quadruplicate at each point. Each preparation consisted of
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Fig. 1. Mg?*-, Na*- and Na* K*-ATPase activities (ex-
pressed as percentages) of basolateral plasma membranes
from rat kidney proximal tubular cells as a function of the
ethanol concentration of the incubation medium. The 100%
ATPase activities were [nmol P;-(mg protein)~’-min~!]:
410 = 15, 119 = 6 and 547 * 18 for the Mg?**-, Na*- and
Na* K*-ATPase, respectively. Values are means + SEM
(for six separate membrane preparations).

pooled membranes from the kidneys of six rats. Protein
was determined by the Coomassie blue dye binding assay
(Bio-Rad Laboratories, Richmond, CA) [18]. Data are
expressed as the mean = SEM of the determinations.
Differences between the results were analyzed according
to Student’s t-test and to the analysis of variance from
multiple comparisons, following the Fisher’s LSD test.
Significance was accepted at P < 0.05.

Results and Discussion

There is enough evidence showing that the Na“*- and the
Na* K*-ATPases are functionally two different entities
[for a review see Ref. 19]; since both mechanisms are
responsible for the active extrusion of Na* from the cells,
it is important to compare the effects of ethanol on the
two systems. Figure 1 shows the effect of the presence of
relatively high quantities of ethanol in the incubation
medium on the Mg?*-, Na*- and Na* , K*-ATPase activities
of the basolateral plasma membrane fractions from rat
kidney proximal tubular cells. Notice that ethanol produced
differential effects on the activity of the three systems. The
Mpg?*-ATPase was affected poorly by ethanol, even at very
high concentrations (30% inhibition at 8% ethanol). On
the other hand, the Na*- and the Na* ,K*-ATPase activities
were inhibited strongly at 8% ethanol (80 and 90%,
respectively). However, the degree of inhibition of these
two systems was totally different at lower concentrations
of ethanol. At 2% ethanol, the Na* K*-ATPase activity

Table 1. Effect of 50 mM ethanol on the Mg?*-, Na*- and Na* ,K*-ATPase activities of
basolateral plasma membranes from rat kidney proximal tubular cells

ATPase activity

Incubation [nmol P;- (mg protein) ' min~'}
medium Mg?*-ATPase Na*-ATPase Na*,K*-ATPase
Control 416 + 19 1145 534 +21
+ 50 mM Ethanol 410 = 14 91+3 519+19
Ethanot effect —6 = 24* -23 = 6% -15 +28*

Values are means + SEM (for six separate membrane preparations). The SEM for
the Na*- and the Na*,K*-ATPases were calculated for paired data.

* Not significant.
+P<0.01.
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was only inhibited by about 10%, while the Na*-ATPase
activity was inhibited by about 40%. At 2, 4 and 8%
ethanol concentrations, the Na*-ATPase was inhibited
differently than the Mg?*- and the Na*,K*-ATPases
(P <0.001 in all cases, except for the Na* ,K*-ATPase at
8% ethanol with a P <0.05). The Na*,K*-ATPase was
also inhibited differently than the Mg?*-ATPase at 4 and
8% ethanol concentrations (P<0.05 and P <0.001,
respectively). At 2% ethanol, the two ATPase activities
were not different. Finally, the three curves, Mg?*-, Na*-,
and Na*,K*-ATPase activities as a function of the ethanol
concentrations tested, were different with a P < 0.001.

The maximal concentration of ethanol found in the blood
plasma of rats after a strong ingestion of this alcohol is
50 mM [20]. At this concentration, ethanol has practically
no effect on the activity of rat brain Na* ,K*-ATPase [21-
23). We studied the effect of this concentration of ethanol
(eight times lower than the lowest one that we have tried)
on the ATPase activities of the kidney membranes. The
results are shown in Table 1. As shown, the Mg?*- and the
Na*,K*-ATPase activities were not inhibited significantly,
while the Na*-ATPase activity was inhibited by approxi-
mately 20%. This result might be very important, since it
suggests that the Na*-ATPase could be inhibited to some
extent in vivo, after heavy ingestion of alcohol. If it is
considered that Na*-ATPase participates in the active
regulation of the cell volume, its inhibition (even partially)
could result in an increased cell volume with all the involved
consequences. However, more work must be done on this
aspect before any conclusions are reached.

Acknowledgements—The authors acknowledge Dr. Rein-

aldo Marin for his reading and criticism of the manuscript.

Thanks are also due to Mrs. Dhuwya Otero for the
illustration. This work was supported in part by a grant
from project No. $1-2292 from CONICIT.

- Centro de Biofisica y ANDREA ROTHMAN
Bioquimica TERESA PROVERBIO
Instituto Venezolano de ELIZABETH FERNANDEZ
Investigaciones FULGENCIO PROVERBIO*
Cientificas (IVIC)
Caracas 1020A
Venezuela

REFERENCES

1. Whittembury G and Proverbio F, Two modes of Na*
extrusion in cells from guinea-pig kidney cortex slices.
Pfliigers Arch 316: 1-25, 1970.

2. Munday KA, Parsons BJ and Poat JA, The effect of
angiotension on cation transport by rat kidney cortex
slices. J Physiol (Lond) 215: 269-282, 1971.

3. Whittembury G, Sodium extrusion and potassium
uptake in guinea-pig kidney cortex slices. J Gen Physiol
48: 699-717, 1961.

4, Proverbio F, Condrescu-Guidi M and Whittembury G,
Ouabain-insensitive Na* stimulation of an Mg?*-
dependent ATPase in kidney tissue. Biochim Biophys
Acta 394: 281-292, 1975.

* Corresponding author: Dr. Fulgencio Proverbio, IVIC-
CBB, AP 21827, Caracas 1020A, Venezuela. FAX (582)
572-7443/572-7446.

5.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

Short communications

Proverbio F and del Castillo JR, Na*-stimulated
ATPase activities in kidney basal-lateral plasma
membranes. Biochim Biophys Acta 646: 99-108, 1981.

. Marin R, Proverbio T and Proverbio F, Incidencia del

envejecimiento sobre los mecanismos de expulsién de
Na* en células de tibulo proximal de riiién de rata.
Acta Cient Venez 34: 46-55, 1983.

. Goldstein DB and Chin JH, Interaction of ethanol with

biological membranes. Fed Proc 40: 2073-2076, 1981.

. Taraschi TF and Rubin E, Biology of disease: Effects

of ethanol on the chemical and structural properties of
biologic membranes. Lab Invest 52: 120-131, 1985.

. Melgunov V, Dzhindals S and Belikova M, Dual effect

of ethanol and other aliphatic alcohols on the
effectiveness of the Ca?*-pump and Ca-ATPase activity
of the sarcoplasmic reticulum of skeletal muscles.
Biokhimiia 52: 1688-1695, 1987.

Goldstein DB and Israel Y, Effects of ethanol on mouse
brain Na* K*-activated adenosine triphosphatase. Life
Sci 11: 957-963, 1972.

Israel Y, Kalant H and Laufer 1, Effects of ethanol on
Na, K, Mg-stimulated microsomal ATPase activity.
Biochem Pharmacol 14: 1803-1814, 1965.

Israel Y, Kalant H and Le Blanc A, Effect of lower
alcohols on potassium transport and microsomal
adenosine-triphosphatase activity of rat cerebral cortex:
Biochem J 100: 27-33, 1966.

Israel Y and Salazar I, Inhibition of brain microsomal
adenosine triphosphatases by general depressants.
Arch Biochem Biophys 122: 310-317, 1967.

Marin R, Proverbio T and Proverbio F, ATPase
activities in kidney basolateral plasma membranes of
young and old rats. Biochem Pharmacol 34: 2275-
2279, 1985.

Marin R, Proverbio T and Proverbio F, Ouabain
insensitive Na*-stimulated ATPase activity associated
to basal-lateral plasma membranes of rat kidney cells.
Acta Cient Venez 34: 322-328, 1983.

Marin R, Proverbio T and Proverbio F, Inside-out
basolateral plasma membrane vesicles from rat kidney
proximal tubular cells. Biochim Biophys Acta 858: 195
201, 1986.

Proverbio F, Proverbio T and Marin R, Na*-ATPase
is a different entity from the Na*,K*-ATPase in the
rat kidney basolateral plasma membranes. Biochim
Biophys Acta 858: 202-205, 1986.

Bradford MM, A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal Biochem 72:
248-254, 1976.

Proverbio F, Marin R and Proverbio T, Mini-review:
The ouabain-insensitive sodium pump. Comp Biochem
Physiol 99A: 279-283, 1991.

Akera T, Rech RH, Marquis WJ, Tobin T and Brody
TM, Lack of relationship between brain (Na* + K*)-
activated adenosine triphosphatase and the devel-
opment of tolerance to ethanol in rats. J Pharmacol
Exp Ther 185: 594-601, 1973.

Kalant Hand Rangaraj N, Interaction of catecholamines
and ethanol on the kinetics of rat brain Na* K*-
ATPase. Eur J Pharmacol 70: 157-166, 1981.
Nhamburo P, Salafsky B, Hoffman P and Tabakoff B,
Effects of short chain alcohols and norepinephrine on
brain Na*,K*-ATPase activity. Biochem Pharmacol
35: 1987-1992, 1986.

Rangaraj N and Kalant H, Interaction of ethanol and
catecholamines on rat brain Na*,K*-ATPase. Can J
Physiol Pharmacol 57: 1098-1106, 1978.




