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The results on elastic membrane area extension during hemolysis, reported by Richieri and Mel (Richieri,
G.V. and Mel, H.C. (1985) Biochim. Biophys. Acta 813, 41-50), are discussed. Careful analysis of their data
leads to the conclusion, that the differences in osmolarity, as found in the experiment, were insufficient to
cause the reported values of elastic changes im erythrocyte volume (17-22%) and of membrane area
extension (11-14%). The recalculated values of the elastic extensions of membrane area are not different
from those measured by the micropipet method (i.e. 3-4%).

The role of elastic properties of erythrocyte
membrane in hemolytic phenomena has been dis-
cussed for several decades [1-4]. In the seventies
Evans and co-workers reported that the elastic
area compressibility modulus of the membrane of
human erythrocyte, measured by a micropipet
method, was 0.45 N/m, while the maximal frac-
tional area expansion of the membrane of intact
cells was 2-4% [4,5]. Comparable resuits were
obtained by a cell poking method [6]. Recently,
Richieri and Mel [1], using resistive pulse spec-
troscopy, confirmed previous reports [7,8] on he-
molysis as a two-phase process. The red blood
cells, placed in hypotonic medium, reached spheri-
cal shape with a volume of 140 pm3, and then, for
a short time, elastically increased their membrane
area. Dependent on the external tonicity the cells
lysed, or returned to the steady-state volume of
140 pm’. Assuming the hemolytic volumes of
erythrocytes to be equal to the ghost volumes,
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measured after hemolysis, Richieri and Mel [1]
reported that the elastic membrane area expansion
was temperature dependent. They found an in-
crease of at least 14% in membrane area, without
hemolysis at 40°C ~ much more than the 2-4%
membrane extension at 25°C, reported previously
by Evans et al. [5].

However, the data of Richieri and Mel allow us
to calculate the critical cell volume of erythrocyte,
V., from van’t Hoff’s law modified for red blood
cells [3],

=24
Th

in which ¢ is the mean osmotic coefficient of
internal solutes, n is the amount of internal so-
lutes, o, is the mean osmolarity of solutions in
which hemolysis took place, and b is the osmoti-
cally non-active volume of the cell. If the distribu-
tion function of osmotic fragility were symme:ri-
cal the mean osmolarity of the solution in which
erythrocytes hemolyzed, =, would be equal to the
osmolarity of the solution in which 50% cells
hemolyzed, my,. From the data of Richieri and
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Mel (Ref. 1, Figs. 1 and 7) it follows that at 40°C
b=40 pm’, m=111 mosM and @-n=113
mosM - pm®. Thus the critical cell volume, calcu-
lated from van’t Hoff’s law, assuming that the
hemolysis protective potassium efflux [8,9] was
negligible and the elastic area compressibility
modulus K=0, was 158 pm’, ie. 113% of the
steady-state volume. However, in high-KCl hypo-
tonic solutions, where the hemolysis-protective
potassium efflux was limited, Richieri and Mel
found an increase of hemolysis from 23 to 49%;
equivalent to a shift of the hemolysis curve to the
more fragile region by 5 mosM. The compressibil-
ity area modulus K equals 0.45 N/m {4], thus the
difference in osmolarity between bcth sides of
erythrocyte membrane, required e.g. for an 4%
area expansion, is 2.3 mosM. The maximal cell
volume which the red cell should reach in a 111
mosM solution, calculated from van’t Hoff’s law
taking into account the hemolysis-protective
potassium efflux and the membrane tension, is
150 pm® i.e. 107% of the steady-state volume. The
4% membrane area extension is equivalent to a 6%
increase of cell volume, which is in good agree-
ment with the 7% increase calculated from the
data of Richieri and Mel, but significantly less
than their reported value of 17% (11% increase of
membrane area).

Also, the reported increase of erythrocyte
volume above 170 um® in a 120 mosM solution at
40°C is difficult to understand. The maximal
volume, which red cells should reach in such a
case, is 149 um’® (assuming that K=0). It is
equivalent to a 3-4% extension of membrane
area-also significantly less than the reported value
of 14%. It thus seems that the elastic expansion of
membrane area of the erythrocyte during hemoly-
sis does not differ from that measured by the
micropipet method [5].

Since in the experiment discussed the van’t
Hoff’s law was satisfied (as follows from Fig. 7),
the above considerations lead to the conclusion
that the volume of ghosts after the erythrocyte
hemolysis was not equal to the hemolytic volume
of the cells. The larger volume of the ghosts, and
its dependence on temperature, may be explained
by temperature-dependent changes of the diame-

ter of the hole occurring in the erythrocyte mein-
brane during hemolysis [10,11]. The dependence
of the maximal area expansion on temperature,
evident also for the calculated critical cell volume,
may result from the well known temperature
dependence of membrane fluidity. At low temper-
atures a more rigid membrane may be ruptured by
a smaller membrane extension.

Erythrocytes would have reached the volume of
170 pm® in a 120 mosM solution, as reported by
Richieri and Mel, if the amount of internal solutes
had increased during cell swelling. This would
have been possible, if the stretched membrane of
erythrocyte had had a selective permeability for
sodium ions. The influx of sodium ions would
have then resulted in a water influx and the cell
would have reached a larger volume than that
calculated using van’t Hoff’s law. However, only
net potassium efflux during erythrocyte swelling
and hemolysis [8,9,12] has been reported. So, a
large increase in volume of the spherical state of
erythrocyte swelling should have been visible dur-
ing direct microscopic observations of the hemoly-
sis; this, however, does not seem to have been
observed [8].
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