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Abstract. An experimental approach has been devel-
oped to study human erythrocyte vesiculation, using
the fluorescent probes diphenylhexatriene (DPH),
trimethylamino-diphenylhexatriene (TMA-DPH) and
heptadecyl-hydroxycoumarin (C;7-HC). Acetylcho-
linesterase (AChE) enzyme activity measurements
confirmed the presence of exovesicles released from
erythrocyte membranes labeled with DPH, TMA-
DPH or C7-HC. The fluorescence intensity and an-
isotropy values obtained showed that the amphiphilic
probes TMA-DPH and C;,-HC are preferentially
incorporated in the exovesicles (when compared with
DPH). There is a significant decrease of the choles-
terol content of the exovesicle suspensions with time,
independently of the fluorescence probe used, reach-
ing undetectable cholesterol levels for the samples
incubated for 48 hr. The ratios between the concen-
tration of cholesterol released in the exovesicles after
1 hr incubation with DPH, TMA-DPH or C,;-HC
and the probe concentration used in the incubation
were 84.7, 3.82 and 0.074, respectively. The size of the
released vesicles was evaluated by dynamic light
scattering spectroscopy. Some hypotheses are pro-
posed that could explain the resemblance and differ-
ences between the results obtained for erythrocytes
labeled with each probe, considering the present
knowledge of membrane vesiculation mechanisms,
lipid microdomains (rafts), erythrocyte membrane
phospholipid asymmetry and AChE inhibition by
TMA-DPH and C;7-HC. This work demonstrates
that the fluorescent probes DPH, TMA-DPH and
C,7-HC induce rapid erythrocyte exovesiculation;

Abbreviations: DPH, 1,6-diphenyl-1,3,5-hexatriene; TMA-DPH, 1-
(4-(trimethylamino)-phenyl)-6-phenyl-1,3,5-hexatriene; 4-heptade-
cyl-7-hydroxycoumarin; AChE, acetylcholinesterase; DLS, dy-
namic light scattering; GPI, glycosylphosphatidylinositol; L,
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Correspondence to: C. Saldanha; email: saldanha@medscape.com

their use can lead to new methodologies for the study
of this still poorly understood mechanism.
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domains — Cholesterol — Dynamic light scattering

Introduction

Erythrocyte membrane vesiculation occurs during
erythrocyte differentiation, under red blood cell se-
nescence and storage of blood samples (Geiduscheck
& Singer, 1979; Waugh et al., 1992; Dumaswala et al.,
1996). Also a wide variety of in vitro conditions such
as ATP depletion, pH and temperature variations, or
treatment with amphiphiles induces exovesicle release
from erythrocytes (Biitikofer & Ott, 1985; Higer-
strand & Isomaa, 1989; Lelkes & Fodor, 1991). These
microvesicles are enriched in acetylcholinesterase
(AChE), which has been considered a marker of ery-
throcyte membrane integrity (Rumsby et al., 1977,
Prall, Gambhir & Ampy, 1998). The influence of lipid
membrane fluidity, assessed by 1,6-diphenyl-1,3,
S5-hexatriene (DPH) fluorescence polarization, on
AChE enzyme activity has been reported (Domenech,
Domenech & Balegno, 1977; Saldanha, Quintdo &
Garcia, 1992).

The fluorescent molecules 1-(4-(trimethylamino)-
phenyl)-6-phenyl-1,3,5-hexatriene (TMA-DPH) and
4-heptadecyl-7-hydroxycoumarin (C;7-HC) are both
amphiphilic compounds used as structural probes for
the region close to lipid-water interface of phospho-
lipid bilayers (Kuhry et al., 1983; Pal et al., 1985).
TMA-DPH was also useful as a lipid marker for
endocytosis and exocytosis (Kubina et al., 1987), and
C,7-HC is an alkyl derivative of hydroxycoumarin,
useful as a pH probe for the membrane surface (Pal
et al., 1983).
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After a fast incorporation in membranes, TMA-
DPH remains in a partition equilibrium between the
membranes (where it is fluorescent) and the aqueous
buffer (where it is not) (Huang & Haugland, 1991).
Previously, Kubina et al. (1987) showed that the
fluorescence measurements of TMA-DPH could
provide simultaneous information about platelet
membrane fluidity and exocytosis.

It would be very useful if a similar approach
could be applied to erythrocytes and to their vesicu-
lation process, as described above. The aims of this
work were: i) to develop an experimental approach to
study erythrocyte vesiculation using the fluorescent
probes DPH, TMA-DPH and C;7-HC; ii) to study
the behavior and effect of these probes on the referred
process; iii) to compare the membrane fluidity and
AChE enzyme activity of the erythrocytes with the
same parameters obtained for the isolated exovesi-
cles; iv) to determine the effect of the incorporation of
the fluorescence probes on the AChE enzyme activity;
v) to determine the cholesterol content released on the
exovesicles due to the incubation with the different
membrane probes; and vi) to determine the size of the
vesicles released during incubation with the different
membrane probes.

Materials and Methods

CHEMICALS

The fluorescent probes 1,6-diphenyl-1,3,5-hexatriene (DPH), 1-(4-
(trimethylamino)-phenyl)-6-phenyl-1,3,5-hexatriene (TMA-DPH)
and 4-heptadecyl-7-hydroxycoumarin (C,;-HC) were purchased
from Molecular Probes (Eugene, OR). The kit for the spectro-
photometric determination of cholesterol concentrations was ob-
tained from Roche Diagnostics (Mannheim, Germany). All other
chemicals were from Sigma (St. Louis, MO).

SAMPLES

Human venous blood samples were collected with anticoagulant
(10 I.U. of heparin/ml of blood) from 91 healthy male donors, with
their previous informed consent, following our protocol with the
Portuguese Blood Institute. Freshly collected whole-blood samples
were centrifuged for 10 min at 1000 x g in a Sorvall TC6 centrifuge
(Du Pont, Bad Nauheim, Germany). Erythrocytes were isolated by
plasma and buffy-coat removal, resuspended in phosphate buffer
pH 7.4, 155 mM, and divided into aliquots.

FLUORESCENCE SPECTROSCOPY

Erythrocyte suspension aliquots were incubated for 30 min, at
room temperature, with the lipophilic fluorescent probes DPH,
TMA-DPH or C;;-HC. The final total concentrations of DPH,
TMA-DPH and C;;-HC were 0.22 pm in 0.037% haematocrit, 5.4
pm in 0.01% haematocrit, and 0.11 mm in 0.01% haematocrit, re-
spectively. These values were optimized for the fluorescence mea-
surements in erythrocytes according to the membrane/water
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partition coefficient and fluorescence quantum yield of each probe.
As the fluorescence probes reach an equilibrium between the
aqueous and lipid phases, and the unincorporated probes do not
fluoresce (Huang & Haugland, 1991), there was no need for a
washing procedure to be carried out. Membrane fluidity was as-
sessed by fluorescence anisotropy measurements (for review see,
e.g., Lentz, 1988). This parameter (r) is defined by the following
equation (e.g., Lakowicz, 1999):
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where Iyy and Iyy are the fluorescence intensities and the sub-
scripts indicate the vertical (V) or horizontal (H) orientations of the
excitation and emission polarizers. G = Iyy/Iyy is the instru-
mental factor. All the fluorescence intensity data points used for
calculation were the average of two identical aliquots, corrected by
blank subtraction. DPH fluorescence measurements were carried
out with an excitation wavelength (Aex.) of 352 nm and an emission
wavelength (Aey) of 430 nm, TMA-DPH fluorescence measure-
ments with A, = 340 nm and Ao, = 425 nm, and C,;7-HC fluo-
rescence measurements with A... = 375 nm and A, = 450 nm.
The results were not corrected for turbidity (Lentz et al., 1979) or
energy transfer from DPH to hemoglobin (Plasek, Cermakova &
Jarolim, 1988), as these experimental artifacts do not differ sig-
nificantly among the aliquots. Total fluorescence intensity mea-
surements were also carried out for all the samples. All the
fluorescence spectroscopy measurements were carried out in a Hi-
tachi F-3000 fluorescence spectrophotometer (Tokyo, Japan), with
5 nm bandwidths on both monochromators. After the erythrocyte
membrane fluidity measurements, the aliquots were centrifuged for
10 min at 1000 x g and the measurement procedure was repeated
for the supernatants. These supernatant fluorescence measurements
were carried out two more times, with identical aliquots centrifuged
24 and 48 hr after the initial incubation.

AChE AcTtiviTY

AChE activities were measured using a Beckman 35 UV/Vis
spectrophotometer (Fullerton, CA) at 37°C, by the colorimetric
method proposed by Ellman et al. (1961). The measurements were
carried out in the supernatants of aliquots centrifuged 1 hr after
erythrocyte incubation at room temperature with the fluorescent
probes DPH, TMA-DPH and C,;-HC. Enzyme activity data points
were calculated with the average absorbance of two identical ali-
quots, corrected by blank subtraction. AChE activity measure-
ments were also carried out with samples incubated with identical
volumes of the organic solvents used for the incorporation of the
fluorescent probes DPH, TMA-DPH and C;;-HC: acetone, N,N-
dimethylformamide and tetrahydrofuran, respectively.

CHOLESTEROL CONCENTRATION

Cholesterol concentrations were measured using a specific spec-
trophotometric/enzymatic kit, based on the technique of Ott,
Binggeli & Brodbeck (1982) and adapted to these samples by us.
The measurements were carried out in the supernatants of aliquots
centrifuged 1, 24 and 48 hr after erythrocyte incubation, at room
temperature, with the fluorescent probes DPH, TMA-DPH and
Cy,-HC.

DyNAMIC LIGHT SCATTERING SPECTROSCOPY

The dynamic light scattering (DLS) measurements were carried out
in a BI-2030AT with a 128-channel digital autocorrelator (Brook-
haven Instruments Corporation, Holtsville, NY), equipped with a
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Spectra-Physics He-Ne Laser, model 127 (632.8 nm, 35 mW). DLS
provides information on the dynamic properties of the scattering
molecules or aggregates, on the psec time scale, by performing an
auto-correlation with the scattering intensity data (e.g., Santos &
Castanho, 1996; Santos et al., 2002). This technique allows the
determination of the diffusion coefficient (D) of the molecule or
supramolecular aggregate under evaluation. The values of D can be
used to calculate the hydrodynamic radius, Ry, using the Stokes-
Einstein equation,

kT
= 6mn Ry

)

where k is the Boltzman constant, 7 the absolute temperature and 5
the solvent viscosity. Since we are dealing with polydisperse sam-
ples, the size distributions of the samples were obtained using the
standard CONTIN method (Provencher, 1982a, 1982b), considered
to be the most suitable for the study of systems with broad size
distributions (its potentialities and drawbacks were tested and re-
viewed in Johnsen & Brown, 1992). The measurements were carried
out with the supernatants of aliquots centrifuged 1, 24 and 48 hr
after erythrocyte incubation, at room temperature, with the fluor-
escent probes DPH, TMA-DPH and C;;,-HC. The light scattering
data were collected at 25°C, using a scattering angle of 90°, a total
count above 2 x 107 and a sample time of 50 psec.

Results

Tables 1 and 2 present the fluorescence intensity and
fluorescence anisotropy results, respectively, obtained
for DPH, TMA-DPH and C;;-HC in erythrocyte
suspensions and in their supernatants (centrifugation
at 1, 24, and 48 hr after incubation). Two identical
aliquots of each one of the N blood samples were used.
The mean values + standard deviations were calcu-
lated with the N averages of the two aliquots. For each
blood sample, fluorescence intensities were normalized
by dividing by the fluorescence intensity measured
before centrifugation. Paired samples ¢-test shows that
for supernatants with C;7-HC there is a significant
(p < 0.002) increase of C;;-HC fluorescence aniso-
tropy with time (Table 2). The variations of TMA-
DPH and C;;-HC fluorescence anisotropies of the
supernatants are represented in Figure 1.

AChE enzyme activities measured in the super-
natants of aliquots centrifuged 1 hr after erythrocyte
incubation with DPH, TMA-DPH or C;;-HC are
shown in Figure 2. Enzyme activities are represented
as mean value and standard deviation of 21 blood
samples (N = 21). Paired samples ¢-test shows that
there is a significant (p < 0.002) difference between
the values obtained for samples with DPH and the
values obtained for samples with TMA-DPH or C,-
HC. The supernatants of samples incubated with
identical volumes of the organic solvents used for the
incorporation of the fluorescent probes (acetone,
N,N-dimethylformamide = and  tetrahydrofuran)
showed no AChE activity.

Table 3 presents the cholesterol concentration
results obtained for DPH, TMA-DPH and C;;-HC in
erythrocyte suspensions and in their supernatants

77

Table 1. Fluorescence intensity results obtained with supernatants
of centrifugations carried out 1 hr (z;), 24 hr (t,4) and 48 hr (z45)
after incubation of erythrocyte suspensions with DPH, TMA-DPH
or C17-HC

Sample Fluorescence intensity (a.u.)

DPH TMA-DPH C,7-HC

(N =139 (N =173) (N =34
Supernatant ¢ =0 0.89 + 0.26 0.56 £ 0.25
Supernatant f,4 0.32 + 0.16 0.81 + 0.24 0.49 + 0.25
Supernatant #45 0.23 + 0.17 0.82 £ 0.23 0.52 + 0.35

Data are presented as mean value + standard deviation of the
averaged result (two aliquots) of each one of the N blood samples.
For each erythrocyte suspension, fluorescence intensities were
normalized by dividing by the fluorescence intensity measured be-
fore centrifugation.

Table 2. Fluorescence anisotropy results obtained for DPH. TMA-
DPH and C;5-HC in erythrocyte suspensions and supernatants of
centrifugations carried out 1 hr (¢;), 24 hr (754) and 48 hr (z43) after
incubation

Sample Fluorescence anisotropy
DPH TMA-DPH C,7-HC
(N = 54) (N = 34) (N = 34)
Erythrocyte 0.261 £+ 0.018 0.331 £ 0.027 0.296 £ 0.045
suspension
Supernatant ¢ * 0.338 £ 0.024 0.307 £+ 0.080

0.338 = 0.023 0.339 + 0.053
0.339 £+ 0.027 0.359 + 0.050

Supernatant f,4 *
Supernatant t43  *

* Ivy, Ivu, Iy, and Iyy values too low for anisotropy calculation.
Data are presented as mean value + standard deviation of the
averaged result (two aliquots) of each one of the N blood samples.

(centrifugation at 1, 24 and 48 hr after incubation).
Statistical analysis shows that there is a significant
(p < 0.0005) decrease of the cholesterol content of
the exovesicle suspensions with time, independently
of the fluorescence probe used, and that there
are substantial differences between the values ob-
tained for the three probes. As can be seen, the values
obtained for 7,3 (independently of the fluorescent
probe used to induce the vesiculation) were below the
detection threshold of the determination method.

Due to the high relevance of the release of cho-
lesterol to the supernatants, we defined and calcu-
lated a vesiculation induction yield, #y;, as the ratio
between the molar concentration of cholesterol re-
leased in the exovesicles and the total probe molar
concentration used in the incubation:

[ChOleSterOl] released
[pro be] total

3)

Mvi =

The results obtained for this parameter (using each
probe for #; and t»4) are presented in Table 4.

The hydrodynamic diameter maxima of the size
distributions (obtained by DLS) of the exovesicles
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Fig. 2. AChE activities measured in the supernatants of aliquots
centrifuged 1 hr after erythrocyte incubation with the lipophilic
fluorescent probes DPH, TMA-DPH or C;,-HC. Enzyme activity
data points were calculated with the average absorbance of two
identical aliquots, corrected by blank subtraction, and are repre-
sented as mean value and standard deviation of 21 blood samples
(N = 21). The supernatants of samples incubated with identical
volumes of the organic solvents used for the incorporation of the
fluorescent probes (acetone, N,N-dimethylformamide and tetra-
hydrofuran) showed no AChE activity.

released at #; and t,4, after incubation with each of
the three fluorescence probes, are presented in Table 5.
Beside these size distribution peaks, all the samples
presented higher-diameter structures that (in contrast
to the indicated peaks) were also present in some of
the blank suspensions.

Discussion

We have developed an experimental approach to
study erythrocyte membrane vesiculation in the
presence of the membrane probes DPH, TMA-DPH
and C;;-HC. The same experiment provides fluores-
cence intensity and anisotropy values both in ery-
throcyte suspensions and in its supernatants (Table 2).
AChE enzyme activities (Fig. 2), were measured in
the supernatants obtained after centrifugation of

results obtained for each one of the N blood samples.

Table 4. Vesiculation induction yields #;

Sample Nvi
DPH TMA-DPH C;-HC
(N =18) (N = 18) (N = 18)
Supernatant ¢, 84.7 3.82 0.0741
Supernatant o4 82.3 3.71 0.0675

Ratios n,; between the concentration of cholesterol released in the
exovesicles and the probe concentration used in the incubation
obtained for the supernatants of centrifugations carried out 1 hr
(t1) and 24 hr (tp4) after incubation of erythrocyte suspensions with
DPH, TMA-DPH or C,;-HC.

erythrocyte suspensions labeled with DPH, TMA-
DPH or C;7-HC. These results, associated with the
fluorescence anisotropy and intensity data deter-
mined in the same supernatant aliquots, indicated the
presence of erythrocyte exovesicles.

As AChE belongs to the glycosylphosphatidyl-
inositol (GPI)-linked protein family (Lisanti, Rodri-
guez-Boulan & Saltiel, 1990; Héagerstrand & Isomaa,
1991), one of the membrane vesicles’ major compo-
nents, the presence of AChE enzyme activity in the
supernatant is a good marker for the exovesiculation
process. Unless exovesiculation occurs, AChE can
only be removed from the cell membrane by some
detergents or phospholipase treatment (Brodbeck,
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Table 5. Hydrodynamic diameter maxima of the size distribution
obtained by dynamic light scattering (DLS)

Sample Diameter (nm)

DPH TMA-DPH C,7-HC
Supernatant ¢, 83 57 58
Supernatant tp4 129 139 99

Maxima for the supernatants of centrifugations carried out 1 hr (#,)
and 24 hr (#p4) after incubation of erythrocyte suspensions with
DPH, TMA-DPH or C,;-HC. The typical coefficient of variation
for these parameters is 5%.

Gentinetta & Ott, 1981; Richier, Arpagaus & Tou-
tant, 1992). The presence of AChE activity in the su-
pernatants after incubation of erythrocyte suspensions
with DPH (at variance with the control samples) in-
dicated that a vesiculation process had been occur-
ring. However, the DPH fluorescence intensities in
these samples were too low for fluorescence aniso-
tropy evaluation, indicating that the exovesiculation
process does not favor DPH partition to the released
vesicles. On the contrary, the supernatants of ery-
throcyte suspensions incubated with TMA-DPH or
C,7-HC showed high normalized fluorescence inten-
sities. These results demonstrate that the amphiphilic
probes TMA-DPH or C;7-HC, when compared with
DPH, have higher partition coefficients (as previously
defined, Santos, Prieto & Castanho, 1998) between the
exovesicles and the remaining erythrocyte membrane,
i.e., these probes incorporate more extensively in the
exovesicles. Due to their polar groups (Fig. 3), after
incorporation in a lipid bilayer, TMA-DPH or C,;-
HC will be located in a shallow position, near the
lipid-water interface. At variance, DPH molecules are
incorporated in the highly disordered region near the
center of the bilayer (Cranney et al., 1983). It could be
assumed that the deeper location of DPH may be re-
lated with its different behavior. However, despite the
erythrocyte vesiculation process being far from being
completely understood (e.g., Civenni et al., 1998), the
most probable scenario is that the depth of the probe
has no relevance for the exovesiculation process.
Kubina et al. (1987) explained a similar behavior, in
platelet exovesicles induced by thrombin, as being a
consequence of the permeant behavior of DPH and its
incorporation in the granules inside the cell.

It is generally accepted that erythrocyte vesicu-
lation involves the detachment of the membrane from
the cytoskeleton, leading to the release of exovesicles
enriched in endogenous GPI-linked proteins, such as
AChE, in a higher proportion than transmembrane
proteins (e.g., de Jong et al., 1996). Recently, radio-
isotope-labeling results (Civenni et al., 1998) proved
to be a serious setback to the idea that the high
mobility of GPI-linked proteins allows them to move
to the membrane spicules that lead to the release of
a exovesicle. Alternatively, the enrichment in AChE
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Fig. 3. Molecular structures of: (a) 1,6-diphenyl-1,3,5-hexatriene
(DPH); (b) 1-(4-(trimethylamino)-phenyl)-6-phenyl-1,3,5-hexatri-
ene (TMA-DPH); (¢) 4-heptadecyl-7-hydroxycoumarin (C,7-HC);
(d) acetylcholine.

can be related to the pre-existence of erythrocyte
membrane domains (or lipid rafts) in the liquid or-
dered (L,) state, with a higher surface concentration
of GPI-linked proteins (for review see, e.g., Edidin,
1997; Rietveld & Simons, 1998; London & Brown,
2000). Depending on the size of these microdomains
(a question that is yet to be clarified, e.g., London &
Brown, 2000), erythrocyte exovesicles may be re-
leased from large lipid domains or include a higher
proportion of small lipid rafts than that existing on
the native erythrocyte membrane. Considering the
already accepted involvement of lipid rafts on endo-
vesiculation processes (e.g., Rietveld & Simons,
1998), their involvement in the formation of exove-
sicles deserves some attention. According to this hy-
pothesis, our results could be explained by a higher
partition coefficient of TMA-DPH and C;7-HC to
those domains.

As can be seen in Table 2, the values of fluore-
scence anisotropy obtained with TMA-DPH were
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higher than those determined with DPH (both mol-
ecules have similar chromophores and excited state
lifetimes), which characterizes a membrane region
with a higher degree of order (e.g., Donner & Stoltz,
1985). Attending to their structures (Fig. 3), these
results are in agreement with the shallower location
of TMA-DPH chromophore, due to its charged
trimethylammonium group fixed to the phospholipid
polar head and the nonpolar DPH moiety inserted in
the hydrophobic domain of phosphoglycolipid
(Prendergast, Haugland & Callahan, 1981).

The supernatants of aliquots incubated with
TMA-DPH have higher normalized fluorescence in-
tensity values than those obtained for aliquots incu-
bated with C;;-HC (Table 1). These results indicate
either a lower C;;-HC partition coefficient for the
released vesicles or different microvesicle populations.
C17-HC, anchored by its hydrocarbon chain in the
hydrophobic phospholipid region, due to its fluore-
scent coumarin moiety, is also used to study the or-
ganization of the phospholipid polar region near the
lipid-water interface (Pal et al., 1985). There is evi-
dence that C;;-HC has almost no effect on the acyl
chains of the phospholipids in the cell membrane, with
its chromophore inserted in the head-group region of
the bilayer, at variance with the chromophore of
TMA-DPH residing in the hydrocarbon region of the
bilayer interface (Pal et al., 1985). A lower C;;-HC
quantum yield when inserted in the vesicle membrane,
due to a higher exposure to the bulk aqueous phase
(Pal et al., 1985), can also explain the lower fluores-
cence intensity values obtained in the supernatant
aliquots. This higher exposure can result from the
increased curvature of the vesicle membrane.

As presented in Table 2 and Fig. 1, there is a
significant increase in C;,-HC fluorescence anisotropy
with time, without a concomitant increase in TMA-
DPH anisotropy. It is to be noted that although C,-
HC ionization is strongly affected by small changes in
the pH of the solution (Pal et al., 1983), its fluore-
scence anisotropy is not significantly affected by the
degree of ionization of the probe (Pal et al., 1985).
Thus, the pH decrease to be expected with time (due
to lactate production by the erythrocytes) cannot be
the cause of this effect on C7-HC anisotropy. Taking
together, the increase in C;;-HC fluorescence
anisotropy and the constant values obtained for
TMA-DPH, suggest that with longer periods before
supernatant separation, the membranes of the exo-
vesicles obtained present a higher degree of order at
the lipid-water interface (at the level of the polar head-
groups), without any significant change at the level of
the hydrocarbon chains (even near the interface). The
results can also be explained by the existence of two
vesicle populations or different lipid domains on the
vesicles, with the prevalence of the most ordered ones
at longer vesiculation times, as long as C;;-HC is
present in both populations and TMA-DPH in only
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one of them. This hypothesis is in agreement with the
finding that in some types of vesicles the phospholipid
asymmetry between inner and outer monolayers,
characteristic of erythrocyte membranes, is preserved
(e.g., de Jong, Beleznay & Ott, 1986), whereas in other
types of erythrocyte vesicle there is a scrambling of the
phospholipids (e.g., Dressler et al., 1984). A slower
lateral diffusion and incorporation of C7-HC in L,
lipid domains or in the annular phospholipids sur-
rounding the membrane proteins (with a concomitant
increase on fluorescence anisotropy) can also explain
the results presented in Fig. 1.

The hypothesis of the existence of different vesi-
cle populations when longer vesiculation times are
used (as mentioned above), is reinforced by the dy-
namic light scattering data. As can be seen in Table 5,
the diameters calculated for #,4 samples are clearly
higher than those obtained for #;, independently of
the probe used to induce the vesiculation. However,
there are also significant differences between the di-
ameters calculated for each probe.

As depicted in Fig. 2, the presence of AChE
enzyme activity in the supernatants of erythrocyte
suspensions incubated with DPH, TMA-DPH or C;5-
HC (and not in the supernatants of control samples
incubated with identical volumes of the organic sol-
vents used for the incorporation of the fluorescent
probes), indicates that all these probes trigger a
vesiculation process, despite of their low (DPH) or
high (TMA-DPH and C;7-HC) partition to the exo-
vesicle. From these and other results it can be rea-
soned that erythrocyte vesiculation is nonspecifically
triggered by most of the alterations on the native
erythrocyte membrane composition, such as the in-
corporation of exogenous molecules or the impair-
ment of the native phospholipid asymmetry between
inner and outer membrane monolayers associated
with the ageing process.

The increased values of AChE enzyme activity of
DPH incubation supernatants (Fig. 2), when com-
pared with those with the TMA-DPH and C;;-HC,
can either result from: (i) a higher degree of vesicu-
lation in samples incubated with DPH, (ii) a higher
enrichment in AChE of the vesicles released due to
the incubation with DPH, or (iii) the inhibition of
AChE enzyme activity by the two amphiphilic probes
(TMA-DPH may act as an AChE inhibitor due to its
structural resemblance with acetylcholine, as it can be
depicted in Fig. 3). Other authors had previously
demonstrated the inhibition of AChE activity by
another coumarin derivative (Crone, 1974) and by
phenyltrimethylammonium groups attached to
Sepharose 4B (Rosenberry, Chang & Chen, 1972).

As can be seen on Tables 3 and 4, the amount of
cholesterol released in the exovesiculation process
(considering either the cholesterol concentration or the
1vi) 1s considerably different depending on the probe
used to induce the release. These differences cannot be
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solely explained by the different membrane/water
partition coefficients of the probes (data not shown).
Independently of the probe used, there is also a de-
crease in the cholesterol level of the supernatants with
time, with no concomitant variation of the fluorescence
intensities. Further experiments are being carried out
to explain this behavior and to relate it with the pre-
existence of cholesterol-rich membrane microdomains.

In conclusion, with our work we have developed
an experimental approach to study erythrocyte vesi-
culation, using the fluorescent probes DPH, TMA-
DPH and C;7-HC. Acetylcholinesterase enzyme
activities of the supernatants were measured, con-
firming the presence of exovesicles released from ery-
throcyte membrane labeled with the fluorescent
probes DPH, TMA-DPH and C,;-HC, indicating that
these probes can be used to induce erythrocyte vesi-
culation. The fluorescence intensity and anisotropy
values obtained in the exovesicles showed that, when
compared with DPH, the amphiphilic fluorescence
probes TMA-DPH and C;,-HC have higher partition
coefficients between the vesicle and erythrocyte
membranes. However, the fluorescence, dynamic light
scattering and cholesterol concentration data also in-
dicated that there are significant differences between
the behavior of TMA-DPH and C;7-HC in terms of
incorporation on the erythrocyte vesicle membrane
and in the dimensions of the released vesicles.
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