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1. Introduction

In two previous reports we described membrane
and metabolic effects on Ehrlich ascites tumour cells
brought about by the amphipathic compounds 2-
phenylethanol (PEA) and 1,1-dimethylphenylethanol
(DMPEA) [1] and by the specific chemical reagents
periodate and succinic anhydride [2]. We arrived at
the conclusion that the metabolic effects of all four
compounds, although by quite different mechanisms,
may be attributed to primary alterations of the cell
membrane. To support this assumption, studies with
cell-free lysates which retain metabolic activity would
be of great value. Since similar difficulties as those en-

countered with ascites tumour cells in prenaring meta-
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bolically active lysates [1,2] did not arise with ery-
throcytes, this was one of the reasons to extend our
studies to red cells [3]. Although the metabolic path-
ways of glucose in erythrocytes differ from those in
ascites tumour cells, a comparison of the metabolic
effects of the compounds on intact cells on the one
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information as to the involvement of the cell mem-
brane. Under the experimental conditions employed
by us (methylene blue catalysis, pH 7.2 or 7.5) glucose
is utilized almost exclusively via the oxidative pentose
phosphate pathway [4,5].

For more details and references on the properties
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2. Materials and methods

Erythrocyte suspensions were obtained from
freshly drawn venous blood by washing five times with
saline solution at 4°C and removing the buffy coat
with a water-jet pump.

All incubations with intact cells were performed in
buffered suspensions with a hematocrit of 50. Stroma-
free hemolysates were prepared according to Roigas
et al. [4], i.e. hypotonic hemolysis, dialysis of hemo-
lysates with subsequent addition of definite amounts
of nucleotides and cofactors, resembling intracellular
conditions.

O, -consumption was determined by conventional

Warhnro manometry and with a combined nnlnrn.

graphlc—tltnmetnc method [6]. K -efflux from intact
cells was measured with an atomic absorption
spectrophotometer. Since higher concentrations of the
phenylethanol compounds are not readily soluble,
sonication was employed for the preparation of stabie
emulsions [1]. Periodate was applied as sodium salt
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dride. PEA and DMPEA were > 99% pure as con-
trolled by gas—liquid chromatography.

3. Results and discussion
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Fig. 1. Methylene-blue catalyzed O,-consumption of intact
erythrocytes ( ) and hemolysate (————~ ) after treat-
ment with 2-phenylethanol (PEA) and 1,1-dimethylpheny-
lethanol (DMPEA). Incubation 15 min at 37°C, pH 7.2; addi-
tion of 30 mM glucose after incubation. n =.14

hols are strong inhibitors of methylene-blue-catalyzed
oxygen consumption of intact erythrocytes whereas
stroma-free hemolysates are not affected at all. At
higher concentrations, a slight stimulation is even ob-
served. This clearly supports the view that these com-
pounds exert their action primarily by adsorption to
the cell membrane by virtue of their amphipathic
nature. Previous studies with ascites tumour cells, es-
pecially determination of adsorption isotherms and
measurement of ! C-glucose uptake [1], had led to
the assumption that the adsorption of the alcohols to
the cell membrane would impair the uptake of meta-
bolic substrate and allow for some leakage of potas-
sium. The nature of this impairment (‘membrane crow-
ding’, conformational changes or physical chemical
interactions with molecules involved in transport or
diffusion) is not yet clear. Higher concentrations of
the surface-active agents which exceed the critical mi-
cellar concentration probably lead to micelle forma-
tion within the membrane causing membrane break-
down with subsequent free diffusion of electrolytes
and macromolecules.

From fig. 3 it can be seen that substantial K*-loss
from intact cells occurs only at those concentrations
which greatly reduce metabolic activity. Thus meta-
bolic inhibition of erythrocytes may also be related
to potassium losses, unlike with ascites tumour cells
[1]. It should be expected that DMPEA, with its bul-
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kier hydrophobic moiety, is more effective. In fact,
all dose—response curves are shifted to the left with
respect to the parent compound (figs. 1 and 3). This
is in good agreement with our previous findings, espe-
cially with the different octanol/water partition
coefficients of the two compounds [1]. Figs. 2 and 3
show the effects of periodate oxidation and succinyla-
tion. It can be seen that the hemolysates are less
affected although they permit unimpaired access of
the compounds to critical molecules involved in meta-
bolism. The latter fact, of course, explains why there
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Fig. 2. Effect of sodium periodate (NalO,) and succinic anhy-
dride (succ.) on methylene-blue catalyzed O,-consumption of
intact erythrocytes ( ) and hemolysate (————— ). Incu-
bation 15 min at 37°C, pH 7.2; addition of 30 mM glucose
after incubation. n = 14
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Fig. 3. K*-efflux from red cells after treatment with 2-
phenylethanol (PEA), 1,1-dimethylphenylethanol (DMPEA),
sodium periodate (NalO,), and succinic anhydride (succ.).
Incubation 15 min at 37°C.n=12
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is some metabolic inhibition of the hemolysates, even
at low concentrations: direct interactions of periodate
and succinic anhydride occur with critical nucleotides
and enzymes, respectively. This explains the finding
that addition of higher concentrations of NADP" and
ATP shifts the dose-response curve for periodate to
the right (not shown on the graph).

It may be concluded that periodate and succinic
anhydride act by chemical modification of membrane
carbohydrate and protein moieties, respectively, which
are important for transport and/or regulatory func-
tions. A striking difference is found between the two
reagents as to K*-leakage from intact erythrocytes:
succinic anhydride produces remarkably little potas-
sium efflux, even at high concentrations, whereas
periodate brings about considerable K*-losses which
increase gradually with rising concentrations. Thus it
may be assumed that periodate affects membrane
carbohydrate moieties of glycoproteins or glycolipids
responsible for ion distribution. Succinylation, on the
other hand, would primarily modify a membrane pro-
tein moiety associated with metabolic regulation. A
comparison between ascites tumour cells and ery-
throcytes [1,2] reveals that the latter are more resis-
tant towards all compounds, with one exception:
periodate, which affects erythrocytes to a much
greater extent than tumour cells. Concomitantly, K*-
efflux from erythrocytes is much larger than from
EAT cells [2]. On the other hand, production of K'-
leakage and inhibition of glucose utilization seem to
be two separate actions of periodate because the bulk
of intracellular potassium leaks out at concentrations
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which highly exceed those needed for complete me-
tabolic block, but which do not yet cause hemolysis.

Significant involvement of SH groups in the perio-
date oxidation experiments could largely be excluded
for the concentrations employed: in vitro studies
with SH-group-sensitive enzymes as well as the meta-
bolic studies with hemolysates and lyophilized yeast
[7] indicate that sulfhydryl oxidation plays only a
subordinate role.
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