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THE HEMOLYTIC ACTIVITY OF CITRAL—II

GLUTATHIONE DEPLETION IN CITRAL TREATED ERYTHROCYTES
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Abstract—The role of glutathione in citral induced hemolysis was investigated. The concentration of
intracellular glutathione diminished in citral treated erythrocytes. GSH disappeared before hemolysis
started. Glucose inhibited citral induced hemolysis and restored the depleted cellular stores of GSH.
The results presented confirm the previous suggestion that a free radical-peroxide mechanism is involved

in citral induced hemolysis.

It was recently reported [1-4] that the monoterpene
citral has teratogenic effects on chick embryos. Mor-
phological evidence indicated altered membrane
functions which are possibly evoked by a lipid perox-
idative mechanism [4]. We have suggested [5] that
the hemolysis caused by citral in washed rat eryth-
rocytes is also to be ascribed, at least in part, to lipid
peroxidation of the polyunsaturated fatty acids of
the cell membrane. Because of the extensive use of
citral in the food and cosmetic industries [6,7],
further studies on the mechanism of its noxious
effects are of interest. It was the aim of the present
study to investigate the role of glutathione in citral
induced hemolysis.

EXPERIMENTAL

Materials. All compounds were pure grade chemi-
cals. Citral (cis and trans), was from Fluka A.G.
Switzerland, Glutathione (reduced) from Mereck,
Darmstadt, 5,5'-dithobis (2-nitorbenzoic acid) from
Sigma Chemical Co., St. Louis, MO. Hemolysis tests
were performed as described previously [8].

Reduced glutathione (GSH) determination. A
modification of the method described by Beutler et
al. [9] was applied. 3ml of Na,HPO, 0.3M and
0.5 ml of bisdithionitrobenzoate reagent [40 mg 5,5'-
dithiobis(2-nitro benzoic acid) in 100 ml sodium
citrate 1%] were added to 1 ml glutathione solution.
The optical density was determined at 412 nm.

GSH determination in erythrocytes. The incubation
mixture (100 ml) containing 1% erythrocytes was
centrifuged at 4000 rpm for 10 min. The supernatant
was removed. To the packed erythrocytes, 4.8 mi
of metaphosphoric acid solution was added (1.7%
metaphosphoric acid in 30% NaCl) under constant
agitation. The suspension was left for 30 min at 0°
for protein precipitation. Centrifuged at 4000 rpm
for 10 min and the supernatant recentrifuged at
8000 rpm for 30 min at 4°. When the supernatant was
not clear it was filtered through Whatman 50 filter
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paper. 1 ml of the supernatant was used for GSH
determination.

RESULTS AND DISCUSSION

The level of reduced glutathione in erythrocytes
which had been in contact with citral for various
periods was determined. These experiments, which
were conducted at high (5.9 X 107*M) and at low
(3 X 1074 M) citral concentrations, i.e. at high and
at low rates of hemolysis, showed that in both cases
GSH disappeared completely before hemolysis
started. At high citral concentrations no GSH could
be detected even after short periods of incubation
(34 min) (results not presented). At low citral con-
centrations, however, a continuous reduction in
GSH was observed until its complete disappearance
(Fig. 1a). A plot of the progress of hemolysis under
identical experimental conditions is presented in Fig.
1b. These two figures show that within the lag period,
prior to citral hemolysis, a rapid decline in the glu-
tathione level was obtained. Hemolysis started only
some time after glutathione had disappeared
completely.

Cellular stores of reduced glutathione can be
depleted by two different mechanisms:

(a) A thioether conjugate can be formed with
electrophilic agents in a reaction catalysed by
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Fig. 1. Glutathione concentration in erythrocytes (a) and

the extent of haemolysis (b) as function of incubation time
with citral (3.5 x 1074 M).
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Fig. 2. Progress of citral induced hemolysis in the presence

of glucose: O-C-O 4.7 x107*M citral; A—A—A

4.7 x 107 M citral with 2 X 107! M glucose; O - - O - - O

3x107*M citral; A -- A —- A 3 X 107*M citral with
2 X 107" M glucose.

endogenous glutathione-S-transferase [10-12]. af-
unsaturated carbonyl compounds, such as citral, are
typical weak electrophiles that can produce this reac-
tion. (b) The disappearance can also be due to the
oxidation to glutathione disulphide. This oxidized
GSSG is normally reduced by NADPH gained from
glucose metabolism. When, however, excessive glu-
tathione disulphide is produced, the normal glucose
level in the erythrocyte may not suffice to produce
all the NADPH needed for this reduction. In order
to elucidate the mechanism of GSH disappearance
we tested the effect which the addition of glucose to
the incubation mixtures had on hemolysis and on the
‘GSH level. The results (Fig. 2) show that glucose
markedly inhibited the rate of hemolysis, both at
high and at low citral concentrations, although it was
more pronounced in the latter case.

Furthermore, the normal cellular GSH levels were
regained in erythrocytes which after incubation with
citral were washed and resuspended in buffer sup-
plemented by glucose (1 mM). The quantity of the
reduced GSH regained was a function of the length
of time the erythrocytes were in contact with glucose
(Table 1). No GSH could be detected in citral treated
erythrocytes incubated with buffer alone. These
results clearly show that GSH depletion was a result
of its reversible oxidation. Inhibition of citral was
also obtained by the addition of equimolar, and
lower, concentrations of GSH (Fig. 3). Excesses of
glutathione accelerated the hemolytic process (Fig.
4). This observation is in line with the suggestion that
a peroxide mechanism is involved in citral hemolysis
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Fig. 3. The effect of low concentration of glutathione on
the progress of citral induced hemolysis:
4.5x107*M citral; @—@—@ 4.5 x 107*M citral with
3 x 107*M glutathione; O - - O - - O 3 x 10™*M citral;
®--0--03x107*M with 3 X 107*M glutathione.
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Fig. 4. The effect of high concentration of glutathione

on the progress of citral induced hemolysis: O—0O—O

3x10*M citral;, @—@—@ 3 x10*M citral with

5 x 107> M glutathione; O - - O - - O 2.4 X 107* citral;

O--0--0® 24x10* citral with 5x107°M
glutathione.

since GSH was previously shown [13] to trigger oxi-
dative phospholipid destruction when incubated with
isolated biomembranes under aerobic conditions.

The possibility that glucose and GSH inhibition of
citral hemolysis were due to the transformation of
citral to a reduced product could be excluded, since
both inhibitors retarded, but did not abolish, the
hemolytic effect. Thus, after exhaustion of the exter-
nally added reducing agents, citral started to exert
its hemolytic effect.

Table 1. Concentration of reduced glutathione in erythrocytes after incubation with citral, centrifugation
and reincubation in buffer-glucose (1 mM)

Time of GSH concentration in

Citral incubation Time of erythrocytes (M)
concentration with citral reincubation After reincubation After reincubation with
M) (min) (min) with buffer glucose (1 x 1073 M)

- - - - 4x10™*
3x 10 7 15 - 4%x107*
3x 107 7 15 - 4x 1074
5x107* 30 3 - 1.6 x107*
5x 107 30 5 - 3x 107"
5x107* 30 10 - 4x10°*




The hemolylic activity of citral

In our previous study on citral hemolysis [5] we
suggested the coexistence of two distinct mechan-
isms: a free radical-peroxide induced mechanism
which predominates at low citral concentration and
a second mechanism predominating at high citral
concentrations. This second type was ascribed to
either an irreversible glutathione depletion which
makes the red blood cells prone to oxidative chal-
lenge, or to a non-specific interaction of the mono-
terpene with the red blood cell membrane, similar
to that of other terpenoids and steroids [14].

The results now presented confirm the existence of
the free radical-peroxide mechanism. It furthermore
indicates that no irreversible glutathione depletion
is involved (Table 1). We may therefore assume a
nonspecific interaction of the monoterpene with the
erythrocyte membrane.
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