Br. J. Pharmac. (1980), 71, 253-258

EFFECTS OF SOME S-ALKYLTHIOURONIUMS AND RELATED COM-
POUNDS ON THE OSMOTIC FRAGILITY AND THE MEMBRANE
EXPANSION OF HUMAN ERYTHROCYTES

ROSEMARY A. BERESFORD & F.N. FASTIER

Department of Pharmacology, Otago University, Dunedin, New Zealand

1 Changes in the osmotic fragility and critical haemolytic volume of human erythrocytes produoed
by S-n-decylthiouronium (S-10) and related compounds have been studied.

2 S-10 had a biphasic action on osmotic fragility, protecting erythrocytes against lysis in low
concentrations but producing lysis in a concentration of 1 mM or higher.

3 Some lower homologues of S-10 also protected erythrocytes against osmotic lysis, the degree of
protection depending on the length of the alkyl chain.

4 Critical haemolytic volume was increased by anthihaemolytic concentrations of procaine and
chlorpromazine but not by antihaemolytic concentrations of S-10 and related amidines.

§ It is concluded that S-10 and its near homologues penetrate and stabilize erythrocyte membranes,
potency increasing with the number of methylene groups in the side-chain up to about ten. The
stabilization produced by S-10 apparently differs from that produced by many other lipid-soluble
depressant drugs. It may be related to a drug-induced change in the ionic permeability of the

membrane.

Introduction

Various pharmacological studies have been carried
out with homologous series of amidines, especially the
alkylguanidines and S-alkylthiouroniums (Fastier,
1962; Ozawa & Sugawara, 1968). Ascent of a series
results in the intensification of actions which can be
loosely described as ‘depressant’, e.g., vasodilator and
other spasmolytic actions, inhibition of such enzymes
‘as monoamine oxidase. This has been explained (Fas-
tier & Reid, 1952) by supposing that some actions of
amidines are not exerted in the same phase as the one
in which the drug is administered. With increasing
chain-length there should be an increasingly favour-
able distribution of the drug between an aqueous
phase and the ‘biophase’ up to a cut-off imposed by
insufficient solubility in water. It was subsequently
suggested (Fastier, 1975) that depressant effects of
amidinium ions are brought about through the hydro-
phobic portion of the molecule entering cell mem-
branes and expanding them after the manner postu-
lated by Seeman (1972) for various other lipid-soluble
depressant drugs.

Some S-alkylthiouroniums and closely related com-
pounds have therefore been tested for effects which
they might be expected to produce if their depressant
actions were due to stabilization of the cell mem-
brane. Since the degree to which a compound can
protect red cells against haemolysis is now commonly
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regarded as a measure of its membrane stabilizing
ability, osmotic fragility experiments were performed
with erythrocytes. The degree of membrane expansion
was estimated by performing critical haemolytic
volume experiments.

A preliminary account of this work was presented
at a meeting of the Australian Physiological and
Pharmacological Society (Beresford, 1976).

Methods
Osmotic fragility of erythrocytes

The osmotic fragility of red blood cells was esti-
mated by measuring their resistance to lysis in saline
solutions of decreasing concentration. The method
adopted was a variation of that in current use in the
Haematology Department of Dunedin Public Hospi-
tal and is based on the work of Parpart, Lorenz,
Parpart, Gregg & Chase (1947). Buffered saline was
used to maintain the pH at 7.4; the time of haemo-
lysis was also controlled. All experiments were carried
out at room temperature. The appropriate concen-
tration of the drug being tested was added to each
saline dilution followed by an aliquot of the blood
sample. All samples were centrifuged 30 min later at
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300g for 15 min. The clear supernatants were re-
moved and the haemoglobin concentrations read at
540 A on a Beckman spectrophotometer. The superna-
tant from the most concentrated saline tube was used
as the internal standard. The haemoglobin content of
the least concentrated saline solution was assigned the
value of 100%; the concentrations of haemoglobin in
all the other tubes were then expressed as a percent-
age of this value.

Critical haemolytic volume

A modification of the technique of Seeman, Sauks,
Argent & Kwant (1969) was used to determine critical
haemolytic volume (i.e., the packed cell volume im-
mediately before haemolysis). Blood was withdrawn
by venipuncture, heparinised and then centrifuged at
300 g for 15 min. Plasma and the buffy coat were
removed. Next, the original blood volume was recon-
stituted with either saline buffer (0.85%) or drug dis-
solved in saline buffer. After they had been left for 30
min at room temperature, the tubes were again centri-
fuged for 15 min at 300 g, the supernatants being then
discarded. Aliquots of red blood cells were pipetted
into tubes containing either saline buffer alone (con-
trols) or the drug dissolved in saline buffer. This
buffer was prepared as for the osmotic fragility experi-
ments and was used over the same range of concen-
trations. After thorough mixing of blood and buffer,
microhaematocrit tubes were filled with the red cell
mixture. All capillary tubes were sealed and spun at
15,000 g for 5 min in a microhaematocrit centrifuge.
The packed cell volume of each tube was then read by
means of a microhaematocrit reader. All haematocrit
values were expressed as relative cell volumes, i.e., the
value compared with that in 0.85%; saline.

Materials used

Blood was obtained by venipuncture from three
healthy human volunteers. Fresh blood was used for
each experiment. The buffered saline had the follow-
ing composition (mM): NaCl 1,500, Na,HPO, 100
and NaHPO, 15.6. It was diluted immediately before
use to give final saline concentrations of 0.85% to
0.1% w/v. The following drugs were obtained from
commercial sources: chlorpromazine hydrochloride
(M&B); n-decylamine (I.C.N.); phenformin (Warner-
Lambert); procaine hydrochloride (I.C.L); S-n-
decylthiouronium sulphate (I.C.N.). The following
drugs were synthesized in our laboratory by reacting
the corresponding alkyl bromide with thiourea in eth-
anol: S-n-hexyl, S-n-heptyl, S-n-octyl and S-n-nonyl-
thiouronium bromides.

Statistical methods

Student’s ¢ test was used to assess the probability of
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Figure 1 Reduction in the osmotic fragility of erythro-
cytes produced by S-n-decyl-thiouronium (40 uM): (O)
cells in buffered saline; (@) cells in buffered saline con-
taining 40 pm S-n-decyl-thiouronium. Results are all
expressed as mean of 10 separate experiments; s.e.
mean are all smaller than symbol size.
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Figure 2 Effect of different concentrations of S-n-
decyl-thiouronium on the percentage lysis (osmotic fra-
gility) of erythrocytes: (O) cells in 0.4% saline, (@) cells
in 0.4% saline containing S-n-decyl-thiouronium. Each
point represents the mean of 10 experiments; vertical
lines show s.e. mean where these are greater than the
symbol size.

differences between mean errors arising by chance.
The measure of variability used was the standard
error.

Results

S-n-decylthiouronium (S-10) had a biphasic effect on
the osmotic fragility of erythrocytes, reducing it in
low concentrations but increasing it in higher concen-
trations (Figures 1 and 2). Complete lysis was pro-
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Figure 3 Effect of S-n-decyl-thiouronium (80 um) on
the relative cell volume or erythrocytes: (O) cells in
normal saline, (@) cells in saline containing S-n-decyl-
thiouronium. Each point represents the mean of 10 ex-
periments, vertical lines show s.e. mean. The maximum
volume attained by the packed cells before lysis occurs
is the critical haemolytic volume of those erythrocytes.
Comparison with the result obtained in 0.85% saline
gives the relative cell volume.

duced by concentrations of 1 mm and higher. No con-
centration of the drug increased the critical haemoly-
tic volume of the erythrocytes. In fact, some concen-
trations of S-10 decreased it significantly (Figures 3
and 4).

Since the effect of S-10 on critical haemolytic
volume was not that predicted, the technique was
checked by carrying out experiments with two drugs
known to increase critical haemolytic volume, pro-
caine (Roth & Seeman, 1972) and chlorpromazine
(van Steveninck, Gjosund & Booij, 1966). Each was
found to increase critical haemolytic volume when
given in a concentration which reduced osmotic
fragility (Table 1).

The primary amine corresponding to S-10, n-decy-
lamine, lysed erythrocytes when given in a concen-
tration of 1 mM but reduced fragility when given in a
concentration of 0.1 mM. It did not affect critical hae-
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Figure 4 Effect of a range of antihaemolytic concen-
trations of S-n-decyl-thiouronium on the critical hae-
molytic volume of erythrocytes: (O) cells bathed in
normal saline; (@) cells bathed in saline containing S-n-
decyl-thiouronium. Results are expressed as mean of 10
experiments; vertical lines show s.e. mean.

molytic volume. Phenformin has no antihaemolytic
effect, so it was not tested for ability to expand the
erythrocyte membrane.

Four lower homologues of S-10 were tested, S-n-
hexyl-, S-n-heptyl-, S-n-octyl- and S-n-nonyl-thiouro-
nium (S-6, S-7, S-8 and S-9). S-6 did not produce
any antihaemolysis. Higher homologues did reduce
osmotic fragility, the minimum effective concentra-

~tion declining from 1 mM for S-7 to lum for S-10

(Figure 5). Each homologue was tested at the concen-
tration which produced the greatest antihaemolysis
for its effect on critical haemolytic volume. S-7 and
S-8 were without effect. The effect of S-9 varied;
whereas a concentration of 0.007 mM increased criti-
cal haemolytic volume, one of 0.04 mM decreased it.
Table 2 summarizes the effects of all amidines tested.

Discussion

Human red cells contain protective mechanisms for

Table 1 Effects of chlorpromazine and procaine on the critical haemolytic volume of erythrocytes

Compound Antihaemolytic
concentration (mm)
Chlorpromazine 0.1
Chlorpromazine 0.01
Procaine 0.01

Control Test
1.34(0.01) 1.45 (0.01)**
1.34(0.01) 1.45 (0.007)**
1.40(0.01) 1.45(0.07)*

The results are expressed as the mean (s.e. mean) for 8 to 10 experiments.
Significance of results, as determined by Student’s ¢ test, denoted by * for P < 0.05 and by ** for P < 0.001.



256 ROSEMARY A. BERESFORD & B.N. FASTIER

. |

LS E 1

S

S® 01

8 > i

EO

=°E, 0.01p

(<]

—_

£ E ooor}

2(‘. 1 L 1 N
7 8 9 10

Number of carbon atoms
in thiouronium side-chain

Figure 5 Reduction in the minimum concentration of
drug required to produce antihaemolysis as a conse-
quence of increasing the number of methylene groups
in the thiouronium side chain. C, is S-n-heptyl-thiouro-
nium, Cg is S-n-octyl-thiouronium, C, is S-n-nonyl-
thiouronium and C,, is S-n-decyl-thiouronium.

the maintenance of membrane integrity. Although
they have a normal life span of about 120 days, they
can be lysed at any stage by mechanical or osmotic

means. A variety of drugs, most of them lipid-soluble,
can protect erythrocytes against osmotic lysis.
Amongst known protective agents are amyl alcohol
(Traube, 1908), several volatile anaesthetics (Jacobs &
Parpart, 1932), tranquillizers and antihistaminics
(Seeman & Weinstein, 1966), steroids and anti-
inflammatory drugs (Seeman, 1966a, Inglot & Wolna,
1968; Brown, Taylor & Waters, 1971) fat-soluble
vitamins (Seeman, 1966b) and propranolol (Fortier,
Snyder. Palek & Weiss, 1977). Seeman (1972) has
shown that the concentrations of anaesthetics which
produce 50%; antihaemolysis are those blocking con-
duction in nerves.

All these drugs have a biphasic action, being pro-
tective at low concentrations (0.01 uM to about 1 mm)
and lytic at higher concentrations. A few which
appear to produce stabilisation only, e.g. A-9-
tetrahydrocannabinol (Chari-Bitron, 1971), have
usually been tested only in fairly low concentrations.
The lipid-soluble stabilizers differ from specific lysins,
such as saponin and filipin, which at all concen-
trations disrupt erythrocyte membranes by dissolving
out cholesterol (Seeman, 1974).

Table 2 Effects of S-n-decylthiouronium and some related compounds on erythrocyte membranes

Compound Concentration Effect on Effect on critical
(mm) osmotic fragility haemolytic volume*

S-n-decyl- 1 Lysis

thiouronium 0.1 Antihaemolysis Significant decrease
0.04 Antihaemolysis NS
0.01 Antihaemolysis NS
0.004 Antihaemolysis Significant decrease
0.001 NS

S-n-nonyl- 1 Lysis

thiouronium 0.07 Antihaemolysis Significant increase
0.04 Antihaemolysis Significant decrease
0.0t NS

S-n-octyl- 1 Lysis

thiouronium 0.1 Antihaemolysis NS
0.1 NS

S-n-heptyl- R Lysis

thiouronium 1 Antihaemolysis NS
0.1 NS

S-n-hexyl- 0.1 Lysis

thiouronium 0.01 NS

n-Decylamine 1 Lysis
0.1 Antihaemolysis NS

Phenformin 1 NS
0.1 NS
0.01 NS

* Critical haemolytic volume studies were carried out only with those concentrations of a drug which had been
shown to be antihaemolytic. NS = not significant.



Our experiments have shown that S-10, too, has a
biphasic action on erythrocyte membranes. As antici-
pated, low concentrations of the drug were found to
stabilize the cell membrane. The increase in stabilizing
activity from the S-n-hexyl to the S-n-decyl derivative
was also expected. The importance of a long methy-
lene chain is borne out by the activity of n-decylamine
and the inactivity of phenformin (2-phenylethyl-
diguanide).

Several explanations for the antihaemolytic activity
of so many different drugs have been advanced. They
include a reduction in the passive inflow of water
(Freeman & Spirtes, 1962), an increase in the outflow
of potassium ions (Passow & Tillman, 1956), and a
reduction in the inflow of sodium ions (van Steven-
inck et al., 1966). None of these hypotheses was sup-
ported by the results of van Steveninck et al. (1966).
However, when Ponder’s hypothesis that ‘sublytic
concentrations of anaesthetics might increase critical
haemolytic volume’ (Ponder, 1948) was tested by van
Steveninck and his associates, they found that chlor-
promazine increased the critical haemolytic volume of
erythrocytes by about 10%, Seeman, Kwant, Sauks &
Argent (1969) found a similar, though smaller, in-
crease in critical haemolytic volume with chlorproma-
zine and all other tranquillizing and local anaesthetic
agents tested.

Measurement of changes in membrane density
(Seeman, 1974; 1975) have shown that local and gen-
eral anaesthetics increase the volume of cell mem-
branes as well as their area. Since the membrane
expansion observed is about twenty times the occupy-
ing volume of any drug contained in the membrane
phase, the drug molecules alone could not account for
this increase in volume. Seeman (1972) has therefore
suggested that the observed increase in membrane
area and volume might be due to expansion of mem-
brane proteins. In his view, adsorption of local an-
aesthetics and other drugs on hydrophobic regions of
excitable membranes would expand the membrane
proteins and thus block ionic conductance channels.
Other workers have confirmed that anaesthetics do
not affect the ordering of lipid bilayers (Boggs, Yoong
& Hsia, 1976) but instead act primarily on membrane
proteins, both polar and non-polar regions of the pro-
teins being involved as binding sites (Franks & Lieb,
1978). However, Seeman’s membrane-expansion
theory of anaesthesia has not won complete accept-
ance. As Paton (1975) has remarked, membrane
expansion may occur during anaesthesia but hardly
provides a mechanism for the phenomenon.

Our results show that antihaemolysis is not necess-
arily associated with membrane expansion, at any
rate as indicated by a increase in critical haemolytic
volume. In fact a 6% reduction was obtained in ex-
periments with S-10. This would correspond to a
reduction of about 3% in membrane area, but we
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were unable to measure changes in membrane area
directly for lack of a high-speed density meter. Like-
wise with lower homologues of S-10, no increase in
critical haemolytic volume was obtained when anti-
haemolytic concentrations were used except at one
concentration of S-9. That the technique was not at
fault was confirmed by the results obtained with pro-
caine and chlorpromazine. Some factor other than
membrane expansion must therefore be involved in
the stabilizing action of S-alkylthiouroniums on the
erythrocyte membrane.

We are not alone in demonstrating that antihaemo-
lysis can occur in the absence of membrane expan-
sion. Fortier et al. (1977) showed that antihaemolytic
concentrations of propranolol could reduce mean cor-
puscular volume by almost 20%. They found that
potassium was lost from the cells during this reduc-
tion in volume and that the fragility changes could be
prevented by the addition of potassium. Hence their
observations were in accord with one of the hypoth-
eses that had apparently been refuted by the work of
van Steveninck et al. (1966) and by Roth & Seeman
(1972).

A similar efflux of potassium might well occur
when erythrocytes are treated with S-10. Hughes &
Macknight (1975), working with slices of rat renal
cortex, observed that cells treated with S-10 lost sig-
nificantly more potassium than did control cells dur-
ing leaching at low temperature. The loss was rever-
sible in cells treated with a low concentration (0.1 mm)
but irreversible when a higher concentration (1 mm)
was used. The higher concentration is lytic to erythro-
cytes, as we have just shown. It has also been found in
experiments on skeletal muscle to uncouple oxidative
phosphorylation, possibly by acting on the mitochon-
drial membrane (Beresford, Bills, Fastier & Milne,
1979).

The stabilizing effect of lower concentrations of
S-10 might well be associated with an ability to pen-
etrate cell membranes. In so doing S-10 may bring
about a leakage of potassium from the cell, this being
responsible for the observed reduction in critical
haemolytic volume. However, an effect on sodium
permeability cannot be ruled out, because some un-
specific membrane depressants are thought to reduce
membrane permeability to sodium as a result of an
ability to displace calcium from binding sites (Fein-
stein & Paimre, 1969; Seeman, 1972). S-10 and cal-
cium have been shown to have antagonistic actions
on smooth muscle (Bills & Fastier, 1973). Inhibition
of cation-dependent membrane ATPases by S-10 and
other S-alkyl-thiouroniums has also been demon-
strated (Thomas, Gelbart, Grigor, Harvey & Fastier,
1973). The reduction in critical haemolytic volume
obtained with antihaemolytic concentrations of S-10
may therefore be due not only to an increased efflux
of potassium ions from the cell but also to a de-
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creased influx of sodium ions. Such an unspecific
action on membrane permeability would explain why
S-10 has been found in experiments on smooth
muscle preparations (Fastier & Reid, 1952; Corbett,
Bills & Fastier, 1974) to antagonize almost equally

References

BERESFORD, R.A. (1976). The influence of S-decylthiour-
onium on erythrocyte membranes. Proc. Aust. Physiol.
Pharmac. Soc., 7, 134P.

BERESFORD, R.A., BiLLs, G.N.B., FasTIER, F.N. & MILNE,
R.J. (1979) Effects of 2,4-dinitrophenol, amylobarbitone
and certain other drugs on the rate of oxygen consump-
tion and force of contraction of isolated curarized
diaphragm muscle of the rat. Br. J. Pharmac., 65, 63—
69.

BiLLs, G.N.B. & FAsTIER, F.N. (1973). Interaction between
S-alkyl-thiouroniums and calcium on isolated rabbit
ileal strips. Proc. Aust. Physiol. Pharmac. Soc. 4, 32-33.

BoGGS, J.M., YOONG, T. & Hsla, J.C. (1976). Site and mech-
anism of anaesthetic action. 1. Effects of anaesthetics
and pressure on fluidity of spin-labelled vesicles. Mol.
Pharmac., 12, 127-135.

BrOwN, J.H., TAYLOR, J.L. & WATERS, LW. (1971). Effects
of pH on erythrocyte stabilization by anti-inflammatory
drugs. Proc. Soc. Exp. Biol. Med., 136, 137-140.

CHARI-BITRON, A. (1971.) Stabilization of rat erythrocyte
membranes by A-1-tetrahydrocannabinol. Life Sci., 10,
1273-1279.

CORBETT, G., BiLLS, G.N.B. & FAsTIER, F.N. (1974.) Antag-
onism of S-methyl-thiouronium by homologues with
long side-chains, by lanthanum or manganous ions, and
by N,t-butyl-S-methyl-isoxazolium. Proc. Aust. Physiol.
Pharmac. Soc., 5, 187.

Fastier, F.N. (1962). Structure-activity relationships of
amidine derivatives. Pharmac. Rev., 14, 37-90.

FasTIER, F.N. (1975). Amidines and membranes. Proc. 5th
Internat. Biophys. Congr., Copenhagen. p.132.

Fastier, F.N. & Rep, C.S.W. (1952). Influence of chain
length upon some pharmacological properties of
S-alkylthioureas. Br. J. Pharmac., 7, 417-432.

FEINSTEIN, M.B. & PAIMRE, M. (1969). Pharmacological
action of local anaesthetics on excitation-contraction
coupling in striated and smooth muscle. Fedn. Proc.,
28, 1643-1648.

FORTIER, N.L., SNYDER, LM, PALEK, J. & WEiss, E.B.
(1977). Effect of propranolol on normal human erythro-
cytes. J. Lab. clin. Med., 89, 41-50.

FRrANKS, N.P. & Lies, W.R. (1978) Where do general anaes-
thetics act? Nature, Lond., 274, 339-341.

FREEMAN, A.R. & SPIRTES, M.A. (1962). Effects of some
phenothiazine derivatives on the haemolylis of red
blood cells. Biochem. Pharmac., 11, 161-163.

HuGHES, P.M. & MACKNIGHT, A.D.C. (1975). Effects of
S-decyl-thiouronium on rat renal cortex slices. Proc.
Univ. Otago med. Sch., 53, 10-11.

INGLOT, A.D. & WOLNA, E. (1968). Reactions of non-steroi-
dal anti-inflammatory drugs with the erythrocyte mem-
brane. Biochem. Pharmac., 17, 269-279.

JacoBs, M.H. & PARPART, A.K. (1932). Osmotic properties
of the erythrocyte. IV. Is the permeability of the eryth-

stimulant actions of acetylcholine, histamine, adrena-
line and calcium.

This work was supported by the Medical Research Council
of New Zealand.

rocyte to water decreased by narcotics? Biol. Bull. mar.
biol. Lab. Woods Hole 62, 313-327.

OzawA, H. & SUGAWARA, K. (1968). Structure-activity re-
lationships of alkylguanidines on smooth muscle organ-
isms. Chem. Pharmac. Bull. (Jap.), 16, 2376-2382.

PARPART, A., LORENZ, P., PARPART, E., GREGG, J. & CHASE,
A. (1947) The osmotic resistance (fragility) of human
red cells. J. clin. Invest. 26, 636—640.

Passow, H. & TiLLmaN, K. (1956). Untersuchungen iiber
den Kaliumverlust bleivergifteter Menschenerythrocy-
ten. Pfliigers Archs. ges. Physiol., 262, 23-26.

PATON, W.D.M. (1975). The molecular basis of drug toxi-
city. J. clin. Path. (Suppl.), 9, 1-6.

PoONDER, E. (1948). Haemolysis and Related Phenomena.
New York: Grune and Stratton.

ROTH, S. & SEEMAN, P. (1972). Anaesthetics expand eryth-
rocyte membranes without causing loss of K*. Biochim.
biophys. Acta, 255, 190-198.

SEEMAN, P. (1966a). Erythrocyte membrane stabilization by
steroids and alcohols: a possible model for anaesthesia.
Biochem. Pharmac. 15, 1632-1637.

SEEMAN, P. (1966b). A method for distinguishing specific
from non-specific haemolysins. Biochem. Pharmac., 18,
1767-1774.

SEEMAN, P. (1972). The membrane actions of anaesthetics
and tranquilizers Pharmac. Rev., 24, 583-655.

SEEMAN, P. (1974). Ultrastructure of membrane lesions in
immune lysis, osmotic lysis and drug-induced lysis.
Fedn. Proc., 33, 2116-2124.

SEEMAN, P. (1975). The membrane expansion of anaes-
thesia. In Molecular Mechanisms of Anaesthesia. Pro-
gress in Anaesthesia. Vol. 1. ed. Fink, B.F. pp. 243-251.
New York: Raven Press.

SEEMAN, P., KwaNT, W.O,, SAUKS, T. & ARGENT, W. (1969).
Membrane expansion of intact erythrocytes by anaes-
thetics. Biochim. biophys. Acta, 183, 490-498.

SEEMAN, P., Sauks, T., ARGENT, W. & KwanT, W.O. (1969).
The effect of membrane-strain rate and temperature on
erythrocyte fragility and critical haemolytic volume.
Biochim. biophys. Acta. 183, 476-489.

SEEMAN, P. & WEINSTEIN, J. (1966). Erythrocyte membrane
stabilization by tranquilizers and anti-histamines. Bio-
chem. Pharmac., 25, 1737-1752.

THOMAS, R.E., GELBART, A., GRIGOR, M.R., HARVEY, H. &
FASTIER, F.N. (1973). Effects of S-alkyl-thiouroniums on
membrane cation-dependent adenosine-triphospha-
tases. Proc. Univ. Otago med. Sch., 51, 64-65.

TRAUBE, J. (1908). Uber die Wirkung Lipoidloslicher Stoffe
auf rote Blutkorperchen. Biochem. Z., 10, 371-379.

VAN STEVENINCK, J., GIOsUND, W K. & Boou, H.L. (1966).
The influence of chlorpromazine on the osmotic fragi-
lity of erythrocytes. Biochem. Pharmac, 16, 837-841.

(Received December 17, 1979.)



