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Effects of modification of the membranes of intact
erythrocytes on the anti-haemolytic action of

chlorpromazine
G.V.R.Born & G.M. Housley

Department of Pharmacology, University of London King’s College, Strand, London WC2R 2LS

1 Fresh human erythrocytes were washed and incubated at 37°C in physiological saline buffered
with Tris, containing calcium and either neuraminidase or trypsin or both enzymes together.

2 Each enzyme alone, as well as both together, released similar amounts of sialic acids without
haemolysis, apparently therefore from the same accessible sites on the surface of the cells.

3 Exposure to neuraminidase or/and trypsin did not affect the osmotic fragility of red cells in

hypotonic saline.

4 The anti-haemolytic effect of low concentrations of chlorpromazine or thioridazine was di-
minished by previous exposure of red cells to neuraminidase and/or trypsin. The diminution in the
anti-haemolytic effect of chlorpromazine was proportional to the release of sialic acids.

5 The observations suggest that positively charged drugs such as chlorpromazine interact strongly
with the negatively charged sialic acid moieties of glycoproteins on cell surfaces, removal of which
increases the drugs’ access to and disruption of the lipid bilayer in cell membranes.

Introduction

The mechanism(s) by which chlorpromazine and re-
lated phenothiazines act as tranquillizers is still un-
known (see Hoffmeister & Stille, 1980). One effect
of these drugs at low concentrations is a decrease and
at high concentrations an increase of the lysis of red
blood cells when they are exposed to excessive osmo-
tic or mechanical forces (see Seeman, 1972). The
‘stabilizing effect’ of low concentrations is also pro-
duced on the plasma membranes of other cells as well
as on the membranes of intracellular organelles such
as mitochondria. Similar effects are produced by a
variety of other agents which are not tranquillizers
(Seeman, 1972), although mostly at much higher
concentrations. In view of this non-specificity, the
relationship of the membrane-stabilizing to the tran-
quillizing effect of the phenothiazines, if any, remains
uncertain.

Some time ago (Born, Bergquist & Arfors, 1976;
Born & Wehmeier, 1979) it was shown that low
concentrations of chlorpromazine inhibit haemosta-
tic platelet aggregation in artificial blood vessels.
When fine polyethylene tubes were perfused with
heparinized blood at 37°C and punctured, the open-
ings were sealed off within about 2 min by haemosta-
tic plugs of platelets, just as in living blood vessels
(Didisheim, Pavlovsky & Kobayashi, 1972). This

‘artificial bleeding time’ was prolonged when the
blood contained chlorpromazine in low concentra-
tions which had no effect on in vitro platelet aggrega-
tion but which increased the resistance of red blood
cells to hypotonic haemolysis. This suggested the
possibility that the activation of platelets was inhi-
bited by an action of chlorpromazine on the accom-
panying red cells. Further experimental analysis has
indicated that a direct action on the platelets cannot
yet be excluded.

These observations concentrated our interest on
the mechanism(s) by which chlorpromazine and simi-
lar agents produce their ‘stabilizing’ effects on
biological membranes. The explanation of these ef-
fects has remained uncertain. Their attribution to the
concentration of the drugs in the lipid bilayer of cell
membranes (Burgen & Metcalfe, 1970) has been
challenged by observations indicating that there is no
such concentration and that the drugs act through
micelle formation with one or more components of
the cells on their outer surface (Conrad & Singer,
1981).

This paper demonstrates that modification of the
intact erythrocyte membrane by certain enzymes
changes the antihaemolytic action of chlorpromazine
and a related agent. The enzymes used were
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neuraminidase which specifically removes terminal
sialic acid residues from membrane glycoprotein and
trypsin which removes these sialic acids together with
some peptide fragments (Cook, Heard & Seaman,
1961).

Some of the results have been communicated to
the Physiological Society (Born & Housley, 1981).

Methods
Preparation of red cells

Blood freshly removed from antecubital veins of
apparently healthy volunteers was mixed with 0.1
vol. of 3.2% (w/v) tri-sodium citrate as anti-
coagulant and centrifuged at 1200 g for 5 min. The
supernatant plasma and buffy coat were removed and
the packed red cells were washed three times in five
times their volume of 0.154 M NaCl solution. The
washed cells were resuspended at a concentration of
20% v/v in saline buffered with 10 mM Trisat pH 7.4,
containing 5mM calcium and either 0.2 units
neuraminidase (Clostridium perfringens from Sigma,
type V) or 0.5 mg trypsin (bovine, from Worthington,
3 times recrystallized) per ml packed cells or both
enzymes together. These suspensions were incubated

067

at 37°C for 1h with intermittent gentle shaking and
then centrifuged at 1200 g for 5 min. In samples of
the supernatant, total sialic acids were determined
fluorimetrically (Hess & Rolde, 1964) and values
corrected for non-specific release (0.015+0.007
umol/ml packed cells).

Measurement of osmotic fragility

The red cells were washed three more times and
suspended at a concentration of 0.55% v/v in 10 mM
Tris-buffered saline at pH 7.0. After 15 min at room
temperature, samples of the suspension were diluted
with  10mM Tris buffer containing from
0-0.154 MNaCl. After 15 min the samples were cen-
trifuged at 550 g for 5 min and the optical densities of
the supernatants were determined in a spec-
trophotometer at 543 nm (Pye Unicam SP6-550) to
quantify free haemoglobin. Plots of optical density
versus NaCl concentrations provided osmotic fragili-
ty curves. From these, the concentration of NaCl was
determined at which there was 50% haemolysis. In
this concentration of saline, buffered with Tris, the
effects of drugs on the osmotic fragility of erythro-
cytes was determined. Samples of red cells not ex-
posed, i.e. control, and those exposed to enzymes
were resuspended in isotonic Tris-buffered saline
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Figure1 Release of sialic acids from human red cells; for conditions see text. (a) Neuraminidase at concentrations
increasing from zero (O) to 0.1 (W), 0.2 (A) or 0.4 (@) units/ml packed cells and (b) trypsin at concentrations
increasing from zero (O) to 0.1 (®), 0.5 (A) or 1.0 (®)mg/ml packed cells. Each point is the mean of three
determinations using the red cells from one individual; vertical bars show the range.
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containing different concentrations of chlor-
promazine from 1-100puM. After 15 min at room
temperature, samples of each suspension were added
to that concentration of buffered saline
(0.057 £0.0004 M, n = 10) which had produced 50%
haemolysis in a series of test tubes containing chlor-
promazine at the same concentration as before.

The effect of thioridazine was determined in the
same way.

Results
Time courses of release of sialic acids

Sigma neuraminidase and Worthington trypsin were
assessed in order to determine the amount of sialic
acids removed from the surface of red cells with the
least damage as indicated by haemolysis.

The rate of release of sialic acids was greatest for
neuraminidase (Figure 1a). Afterincubationfor2ha
little more sialic acid was released, with slight
haemolysis. In all subsequent experiments,
neuraminidase was used at a concentration of 0.2
units/ml packed cells.

With trypsin, the rate of release of sialic acids was
similar to neuraminidase although the amount re-
moved was slightly less. Experiments in which the
supernatant from trypsinized cells were analysed by
h.p.l.c. showed that the optimal concentration for the
release of surface glycopeptides was between 0.1 and
0.5 mg/ml packed cells; higher concentrations caused
variable haemolysis. Trypsin at 0.5 mg/ml released
all accessible sialic acids without haemolysis and was
the concentration used in all further experiments
(Figure 1b).

The amounts of sialic acid released by neuraminid-
ase or by trypsin were similar: 0.436+0.02 and
0.362+0.03 umol/ml packed cells respectively. The
two enzymes added together released only a little
more than neuraminidase alone (0.5 +0.03 pmol/ml
packed cells), indicating that the sialic acids were
released by both enzymes from almost the same sites.
On the assumption (Cook et al., 1961) that sialic
acids accessible to either of these enzymes are on the
outer surface of the red cell membrane, neuraminid-
ase alone removed about 85%, trypsin alone about
71% and neuraminidase plus trypsin about 98%
accessible sialic acids.

Effect of enzymes on the osmotic fragility
of red cells

When human erythrocytes had been exposed to
either or both of these enzymes with the consequent
release of outer sialic acids and/or glycopeptides, the
osmotic fragility of the cells was unaffected; the
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Figure 2 Osmotic fragility of human red cells. Effect of
NaCl concentration (M) on the haemolysis of control
cells (O) or of cells exposed to neuraminidase (@),
trypsin (M), or neuraminidase plus trypsin (A). The
arrow indicates the concentration of NaCl which would
produce 50% haemolysis.

osmotic fragility curves were the same at and around
50% haemolysis (Figure 2).

Effects of enzymes on the antihaemolytic action of
Pphenothiazines

When control erythrocytes were resuspended in
hypotonic salines containing chlorpromazine, con-
centrations of the drug ranging from about 1 to 30 um
diminished haemolysis progressively; at higher con-
centrations this effect was reversed and with more
than 100 uM haemolysis increased greatly, in agree-
ment with earlier observations (Seeman, 1972).
After exposure of erythrocytes to neuraminidase the
antihaemolytic effect of chlorpromazine was de-
creased; more after exposure to trypsin; and most
after exposure to neuraminidase plus trypsin (Figure
3a). After cells were exposed to either trypsin alone
or trypsin plus neuraminidase haemolysis began to
increase at much lower concentrations viz. around
10 puM, chlorpromazine.

Chlorpromazine was found to be maximally anti-
haemolytic at a concentration of 28*4uM (n=15)
where the corresponding percentage haemolysis was
20.8*+8.3.

The action of the enzymes in reversing the effect of
chlorpromazine at its maximally antihaemolytic con-
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Figure 3 Antihaemolytic effect of chlorpromazine (a) or thioridazine (b) on control red cells (O) and on cells
exposed to neuraminidase (@), trypsin (B) or neuraminidase plus trypsin (A). Each point is the mean of three
determinations of haemolysis on red cells from one individual; vertical bars show the range. Red cells were exposed
to neuraminidase and trypsin at concentrations of 0.2 units and/or 0.5 mg/ml packed cells, respectively.

centration was expressed as the ratio of haemolysis in The effect of thioridazine on control cells and on
the absence of enzyme action to haemolysis after those which had been exposed to the enzymes was
enzyme action. Thus, neuraminidase decreased the similar to that of chlorpromazine except that

anti-haemolytic effect of chlorpromazine about 2.3 thioridazine was maximally antihaemolytic at lower
times, ttypsin about 2.8 times and neuraminidase concentrations, i.e. around 7 uM (n= 3). Figure 3b
plus trypsin about 3.1 times. shows a typical result using the red cells from one
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Figure 4 Effect of increasing concentrations of trypsin on (a) haemolysis (%) in the absence (O) and presence (@)
of 20 uM chlorpromazine; and (b) release of sialic acids (umol/ml packed cells). Each point is the mean of three
determinations using red cells from one individual; vertical bars show the range.
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individual. The increase in haemolysis after exposure
to the enzymes was not as great as with chlor-
promazine.

Effect of trypsin concentration on the anti-haemolytic
action of chlorpromazine

Red cells were incubated as described with trypsin at
concentrations from 5pug to 5Smg/ml packed cells.
The antihaemolytic action of chlorpromazine de-
creased with increasing enzyme concentration up to
the maximum tested (5 mg/ml) although the effect
was near maximal with one-tenth of that concentra-
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tion (Figure 4a). The amount of sialic acid released
was proportional to the enzyme concentration (Fig-
ure 4b) and therefore to the decrease in anti-
haemolytic action of chlorpromazine.

Discussion

These results show that the anti-haemolytic effect of
chlorpromazine was decreased and its haemolytic
effect made manifest at lower concentrations after
erythrocytes had been exposed to neuraminidase, to
trypsin, or to both enzymes together. Trypsin re-
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Figure 5§ The effects of neuraminidase and trypsin on proposed actions of chlorpromazine on the red cell

membrane. (For description see text.)
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moved a little less sialic acid than neuraminidase but
trypsin with neuraminidase together removed a little
more, indicating that most of the sialic acids were
released by both enzymes from the same sites, pre-
sumably accessible glycoproteins on the outer surface
of the cell membranes.

At physiological pH, chlorpromazine is a monoval-
ent cation, and so is thioridazine. Glycoprotein-
bound sialic acids are monovalent anions which ac-
count for most of the net negative charge excess of
erythrocytes as of other cells. It is tempting, there-
fore, to involve electrostatic interactions between the
drug and the cells in explaining our observations.
Any explanation has to take account also of the
current controversy over the mechanism of action of
chlorpromazine on biological membranes, including
those of red cells, which has arisen from different
conclusions about the distribution of chlorpromazine
between cell membranes and medium. From earlier
evidence (Seeman, 1972; Burgen & Metcalfe, 1970)
it appeared that chlorpromazine became concen-
trated in the lipid bilayer of membranes, as might be
expected of a lipophilic compound, thereby causing
expansion and increased fluidity of the membrane.
More recently a technique referred to as hygroscopic
desorption (Conrad & Singer, 1979) failed to con-
firm any significant concentration of chlorpromazine
in biological membranes which was, however, de-
monstrable in artificial membranes consisting of pure
phospholipids. It was suggested that the action of
chlorpromazine involves formation of mixed micelles
with components, possibly peptides, on the outer
surface of cell membranes. There seems to be no
other evidence for this yet.

The two mechanisms may now be considered in
conjunction with our observations (Figure 5). If
chlorpromazine is concentrated in the lipid bilayer
(left side of the figure), the anti-haemolytic or
‘stabilizing’ effect of low concentrations could be
explained by assuming hydrogen bonding between
drug molecules and fatty acid chains of the phos-
pholipids (Figure 5a); and the haeomolytic or disrup-
tive effect of high concentrations by an excessive
accumulation between those fatty acids (Figure Sb).

On the alternative hypothesis that the stabilizing
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