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Enrichment of erythrocytes with cholesteryl hemisuccinate caused a marked reduction in Li leak but did not
change kinetic and thermodynamic properties of Li;-Na_ countertransport of either normotensive persons or
patients with essential hypertension. As cholesteryl hemisuccinate was shown to affect the membrane

similarly to cholesterol, it is likely that the unique thermodynamic properties of erythrocyte Li;-Na

o

countertransport in essential hypertension are not caused by changes in cholesterol.

The erythrocyte transport system Li-Na_ coun-
tertransport shows inheritant differences in pa-
tients with essential hypertension [1-6]. In previ-
ous works we have shown that the temperature
dependence of the Li-Na, countertransport dif-
fers in erythrocytes of hypertensive patients; its
modification is localized in the countertransport
protein, while its expression apparently involves
associated lipids [7,8]. The observed alteration in
the Li;-Na, countertransport function may be re-
lated to changes in the fluidity of the membrane
[9,10]. The effect of cholesteryl hemisuccinate on
the Li-Na_ countertransport activity was studied
in the present work as cholesterol is a major
component of the red blood cell membrane and is
known to affect passive carrier-mediated transport
systems [11-15}). Furthermore, the ratio of
cholesterol /phospholipid appears to be an im-
portant determinant in regulating the properties of
biological membranes [16]. The cholesterol content
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of the red blood cell membrane can be greatly
increased in certain diseases [14,17-19)], after
cholesterol feeding [20] and by suitable treatment
in vitro [18,20].

In the present work we show that the Li;-Na_
countertransport activity is essentially unaffected
by an enrichment of the erythrocyte membrane by
treatment with cholesteryl hemisuccinate, while Li
leak is markedly reduced.

Blood was obtained by consent, either from
healthy normotensive persons (both parents and
all living relatives were demonstratable normoten-
sive) or from age and sex-matched patients, whose
sole disease was essential hypertension. The pa-
tients had an established family history of hyper-
tension, namely, that at least one of the parents
was a patient with essential hypertension. They
did not receive medication at all or at least for a
year. Blood was drawn into heparin solution (25
units/ml) and processed within 30 min. The
erythrocytes were separated and washed three times
with 155 mM NaCl.

The cells were incubated in LiCl-loading solu-
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tion [1] for 2 h and then suspended, at 0.5%
hematocrit, in a sterol enrichment medium for an
additional hour at 37°C. The enrichment medium
contained 3.5% polyvinylpyrolidone 40000, 1%
bovine serum albumin, 5 mM glucose, 10 mM
Tris-Mops (pH 7.4) and 145 mM lithium chloride.
Cholesteryl hemisuccinate dissolved in ethanol was
added to a final concentration of 20 pg/ml.
Ethanol in 0.5 pl per ml was equally added to the
control. Following the 3 h incubation, the in-
tracellular Li concentration was 7-8 mM. The
cells were washed and the Li efflux was measured
as described [1]. Efflux was performed simulta-
neously into sodium-rich medium (150 mM Nad(l,
10 mM glucose, 0.1 mM ouabain, 10 mM Tris-
Mops) and into sodium-free medium (same
medium but NaCl was replaced by 75 mM MgCl,
and 85 mM sucrose). The difference between the
rate of lithium efflux into sodium-rich medium
and sodium-free medium was taken as counter-
transport [1]. A graded temperature device allowed
the simultaneous assays of Li efflux at the various
temperatures in the range of 14-40°C with 1-2
Cdeg increments. The pH of the medium varied
from 7.40 (at 14°C) to 7.24 (at 40°C). The effect
of this difference in pH on Li efflux rate when
tested at constant temperature was found to be
negligible, within the experimental error. Lithium
was determined by means of an atomic absorption
spectrophotometer (Perkin-Elmer model 2380), and
calibrated by standards corresponding to the
medium used. The flux was computed from the
linear regression of Li loss within 30 min. The
Arrhenius plots were drawn as follows: The 13
points were divided into 2 groups, one with &
(4 < k < 9) points, the other with (13 — k) points.
A straight line was fitted by least squares to each
group of points and the intersection point of the
two lines calculated. The standard error of each
line was found and from that the standard error of
the intersection point, in the x axis. The computa-
tion was repeated for each value of k£ and the
intersection point with the lowest standard devia-
tion was selected. Measurements of osmotic fragil-
ity (as described in Ref. 21) were conducted con-
comitantly with the measurement of Li efflux.
Table I presents the rate of Li efflux into Na-rich
medium, Na-free medium and Li;-Na, counter-
transport in untreated erythrocytes and in

TABLE 1

EFFECT OF CHOLESTERYL HEMISUCCINATE
ENRICHMENT ON ERYTHROCYTE Li EFFLUX

The values represent the averages +S.E. of four experiments,
each in triplicates, measured at 37°C. CHS, cholesteryl hemi-
succinate.

Erythrocytes  Li(mmol-(1 RBC-h)~'))
Li efflux Li;-Na,
Na-rich Na-free counter-
medium medium transport
Normal 0.73+0.05 028+0.04 0.45+0.06
CHS-enriched 0.60+0.06 0.16+0.03 0.44+0.05
P < 0.01 < 0.001 >3

cholesteryl hemisuccinate-enriched erythrocytes. It
is shown that the addition of cholesteryl hemisuc-
cinate to the membrane caused a reduction in the
rate of Li efflux both into Na-rich medium and
into Na-free medium, whereas the rate of Li-Na,
countertransport was not affected. Thus the change
in the rate of the Li efflux into Na-rich medium is
due entirely to the reduction in Li leak, and not to
the Li;-Na_ countertransport activity.

The enrichment of the membrane with
cholesteryl hemisuccinate was followed by the
change in red cell osmotic fragility (Cabantchik,
Z.1., personal communications). Fig. 1 demon-
strates that the osmotic fragility of cholesteryl
hemisuccinate-enriched erythrocytes was lower
than that of control erythrocytes. The concentra-
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Fig. 1. Osmotic fragility of erythrocytes enriched with
cholesteryl hemisuccinate (@) and untreated erythrocytes (O).



tion of NaCl solution which cause 50% hemolysis
was 70 mM for untreated erythrocytes as com-
pared to 63 mM for the sterol enriched erythro-
cytes.

The effect of cholesteryl hemisuccinate enrich-
ment on temperature dependence of Li;-Na, coun-
tertransport was studied in erythrocytes of three
normotensive persons and three patients with es-
sential hypertension. Arrhenius plots of repre-
sentative results obtained for a normotensive and
hypertensive are shown in Fig. 2. As already re-
ported [7,8] the plots exhibit a characteristic break
temperature for normotensives (at about 30°C)
and for most of the hypertensive patients (at about
20°C). Yet, enrichment of the erythrocytes with
cholesteryl hemisuccinate in either case did not
affect the pattern of temperature dependence of Li
efflux. Cholesteryl hemisuccinate partions into
biological membranes much more efficiently than
cholesterol and yet exerts similar effects as
cholesterol [22-24]. It is therefore highly likely
that cholesteryl hemisuccinate affects the erythro-
cyte membrane similarly to cholesterol. Thus, the
modification in the thermodynamic properties of
Li;-Na, countertransport in erythrocytes of hyper-
tensive patients [7,8] cannot be explained by possi-
ble alterations in the content of cholesterol in the
membrane, as might be deduced from studies of
fluorescence polarization in rat erythrocytes [9,10].

The enrichment of erythrocyte with cholesteryl
hemisuccinate was shown to cause an increase in
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Fig. 2. The temperature dependence of Li;-Na, countertrans-
port in erythrocytes enriched with cholesteryl hemisuccinate
(®) and in untreated erythrocytes (O). (A) Erythrocytes from a
patient with essential hypertension; (B) erythrocytes from a
normotensive donor. Vertical dashed lines indicate the
Arrhenius plots ‘break’ temperature.
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membrane microviscosity [25]. However, the
change was not manifested as concomitant alter-
ation in Li-Na, countertransport. Li;-Na, coun-
tertransport thus appears to be insensitive to
changes in membrane viscosity caused by the ad-
dition of cholesteryl hemisuccinate.

Unlike the Li;-Na, countertransport, the leak
of Li from the erythrocytes was reduced by the
enrichment with the cholesteryl ester. Our data
support the report of Kroes and Ostwald [12] who
shoed that the diffusion of sodium and other per-
meants through the erythrocyte membrane is de-
creased by the enrichment with cholesterol.

The reduction of Li leak with no change in the
Li-Na, countertransport activity may be ex-
plained by one of the following possibilities. (a)
The existance of distinct pathways for the leak and
the countertransport. (b) A common pathway for
the leak and the countertransport, while the dif-
ferential effect of cholesteryl hemisuccinate is due
to an inhibition of the conformational change of
the Na*-free carrier. Additional study is required
to resolve between these alternative explanations.

This study was supported in part by funds from
the Oelbaum Family and from Barrie and Amelia
Rose.
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