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Rhodiola rosea L. (Crassulaceae) is a plant that lives at high
altitude in Europe and Asia, usually used for its high capac-
ity to increase the organism resistance to different stress
conditions. Although a few international literature supports
these effects, today R. rosea has become a common com-
ponent of many dietary supplements also in the Western
world. The aim of the present study was to investigate the
effect of the R. rosea roots aqueous extract on in vitro
human erythrocytes exposed to hypochlorous acid (HOCI)-
oxidative stress. Several damages occur in human erythro-
cytes exposed in vitro to HOCI, among these membrane pro-
tein and lipid modifications, shifting from the discocyte
shape to the echinocyte one, and determining lysis ulti-
mately. Therefore, in the present work, the evaluation of the
antioxidant capacity of the Rhodiola extract has been carried
out by means of scanning electron microscopy and of
hemolytic behaviour on human erythrocytes exposed to
HOCI in the presence of increasing doses of the aqueous
extract in different experimental environments (co-incuba-
tion and subsequent incubations). The results obtained are
consistent with a significative protection of the extract in
presence of the oxidative agent, but a cautionary note
emerges from the analysis of the data related to the cell
exposition to the plant extract in the absence of any induced
oxidative stress. In fact, the addition to erythrocyte of high
doses of R. rosea extract always determines severe alter-
ations of the cell shape.
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odiola rosea L. (Crassulaceae), also known
R/;s arctic root or golden root, is a plant living
at high altitudes in Europe and Asia. Roots
and rhizomes have long been used in the traditional
medical system of these geographical areas to
increase the organism resistance to different chem-
ical, biological and physical stress (Kelly, 2001). It
has also been demonstrated that the administration
of R. rosea extracts to rats and mice treated with
antitumoral drugs such as cisplatin and cyclophos-
phamide, makes these drugs more efficient and less
cytotoxic (Udinstev and Schakhov, 1991; Rege et
al., 1999). For all these reasons, today this plant
has become an important component of many
dietary supplements.

Twenty-eight compounds have been isolated from
the roots and above ground-parts of R. rosea such
as p-tyrosol, organic acids (gallic acid, caffeic acid,
and chlorogenic acid) and flavonoids (catechins and
proantocyanidins) (Linh et al., 2000). Salidrosides
and cinammoyl-glycosides (rosin, rosavin and
rosarin, distinctive of the rosea species) along with
p-tyrosol are responsible for high therapeutic action
(Linh et al., 2000).

In the present study the effect of R. rosea aque-
ous extract has been investigated in an in vitro
model of human erythrocytes exposed to oxidative
stress. The oxidative stress condition, defined as a
shift in the oxidant-antioxidant balance toward oxi-
dants, is thought to arrange for the onset of many
diseases such as atherosclerosis and cancer (Sies,
1985; McCall and Frei, 1999). If the cellular
antioxidant defence could not limit the damage, a
compromising of a range of cellular functions may
occur, leading to pathological change and ultimate-
ly cell death (Rice-Evans and Diplock, 1993).
Erythrocytes have been used extensively as a model
system for investigating mechanisms of oxidative
stress since these cells, lacking protein synthesis
machinery, represent a simplified model (Vissers et
al., 1994; Mawatari and Murakami, 2001).
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The erythrocyte has a characteristic biconcave
shape really important for all its functions (i.e.,
deformability, 02 exchange) but also very suscepti-
ble to morphological changes with consequent lack
of functionality. Among the factors causing mor-
phological modifications, changes in osmolarity, pH
conditions and presence of oxidants are described
(Bobrowska-Hagerstrand et al., 1998; Lim et al.,
2002; Cevc, 2003). Oxidants, in fact, produce alter-
ations in erythrocyte membranes as manifested by
a decreased cytoskeletal protein content and pro-
duction of high-molecular-weight proteins, which
can lead to abnormalities in erythrocyte shape and
rheologic properties (Flynn et al, 1983; Snyder et
al.,, 1985; Somer and Meiselman, 1993).
Furthermore, experiments with erythrocytes incu-
bated with H:20: and ascorbate/Fe* have shown
morphological changes characterised by a dose-
dependent increase in echinocyte formation, indi-
cating the role of the oxidative damage in compro-
mising the rheologic behaviour of the erythrocytes
(Srour et al., 2000).

In our model system we have utilised hypochlor-
ous acid (HOCI), a powerful oxidant generated by
activated phagocytes (neutrophils and monocytes),
that is produced by the myeloperoxidase (MPO)-
catalysed oxidation of chloride by hydrogen perox-
ide (Grisham et al., 1984; Zavodnik et al., 2001).
Because of the high reactivity toward a large num-
ber of biological molecules, HOCI is considered to
be a major cause of tissue injury in inflammation
(Zavodnik et al., 2001). Several studies have
reported HOCI damages on bacteria, endothelial
cells, tumour cells and erythrocytes (Weiss and
Slivka, 1982; Rosen and Klebanoff, 1985; Tatsumi
and Fliss, 1994; Zavodnik et al., 2001). In ery-
throcytes, it is reported that oxidation of GSH and
of -SH groups of membrane proteins occurs at low
concentration of hypochlorous acid (Zavodnik et
al., 2001); the reaction between HOCI and protein
lysine residues yields chloramine species which sub-
sequently decompose giving nitrogen-centered pro-
tein radicals (Hawkins and Davies, 1998 a,b); cho-
lesterol and fatty acids are modified by HOCI yield-
ing a- e P-chlorohydrins (Carr et al.,, 1997).
Furthermore, some authors have demonstrated that
in human erythrocytes HOCI causes increase of K*-
leak, alteration of membrane deformability leading
to echinocyte shape, cross-linking of membrane pro-
teins and extensive disruption of the membrane
inducing lysis (Vissers et al.,, 1998). In a recent
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work it was demonstrated that R. rosea aqueous
extract is able to protect human erythrocytes from
some of the damages induced by HOCI, i.e. GSH
depletion, glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) inactivation and hemolysis more
efficiently than ascorbic acid, a natural scavanger
of HOCI (De Sanctis et al., 2004).

The aim of this work is, therefore, to define better
the antioxidant activity of the aqueous extract of
Rhodiola rosea from a morphological point of view,
evaluating the ability of the extract to counteract
HOCI induced-echinocyte formation.

Materials and Methods

Reagents

Sodium hypochlorite (NaOCI) was purchased by
Sigma-Aldrich (Italy). At pH 7.4 this reagent con-
tains approximately 1:1 ratio of HOCI and OCI- and
is subsequently referred to as HOCI (Vissers and
Winterbourn, 1995). All reagents used for biochem-
ical determinations were purchased by Sigma-
Aldrich (Italy) and ICN (Italy). Composition of
phosphate buffered saline (PBS) was 0.15 M NaCl,
1.9 mM NaH:P04, 8.1 mM Na:HPOs, pH 7.4.

Rhodiola rosea aqueous extract

Population, in ancient habits, have always
assumed Rhodiola rosea as tea of root and rhi-
zomes; for this reason it has been decided to use an
aqueous extract, which moreover is more compati-
ble than organic solvents with our experimental cel-
lular context. The R. rosea roots and rhizomes were
obtained by Botanic Garden Chanousia (Aosta,
Italy). A threefold extraction of 100 mg of dry pow-
der of R. rosea rhizomes with 2.4 ml final volume
of distilled water at room temperature was done,
obtaining a final proportion of 41.6 mg/mL. The
obtained aqueous phase was evaporated under vac-
uum, dissolved in the same volume of PBS and
incubated with erythrocytes in the presence or
absence of HOCI. All experiments were performed
using the same batch.

Blood samples

Erythrocytes were obtained from healthy con-
senting donors. Heparinazed blood was centrifuged
at 3,000 rpm for 10 min. at 4°C. After removal of
plasma and buffy coat, the erythrocytes were
washed three times with cold PBS and processed
for subsequent analyses.



Incubation experiments

All incubation experiments were performed in a
shaking bath for 15 min. at 37°C with erythrocytes
10% v/v in PBS. After 15 min. of each incubation,
an aliquot of erythrocyte suspension was cen-
trifuged at 3,000 rpm for 10 min. at 4°C, washed
one time with PBS, and treated as reported below
for the evaluation of hemoglobin and for the mor-
phological observation.

1- Incubation of erythrocytes with HOCI

Erythrocytes were incubated with 0.5 mM HOCI
added as a single bolus of a diluted solution in PBS,
which concentration was determined spectrophoto-
metrically at 292 nm (=350 M™* cm™) (Morris,
1966).

2- Co-incubation of erythrocytes with R. rosea
extract and HOCI

Erythrocytes were incubated with increasing
doses of R. rosea extract (10-25-50-100-150-200
uL) and with 0.5 mM HOCI at the same time. The
incubation was carried on as previously described.

3- Pre-incubation of erythrocytes with R.rosea
extract and subsequent HOC! treatment

Erythrocytes were pre-incubated with different
aliquots of R. rosea extract (10-25-50-100-150-
200 uL) for 10 min. in a shaking bath at 37°C.
After centrifugation at 3,000 rpm for 10 min. at
4°C, the supernatant was discarded and packed ery-
throcytes were resuspended in PBS in the presence
of 0.5 mM HOCI. The incubation was carried on as
previously described.

4- Incubation of erythrocytes with pure R. rosea
extract

Erythrocytes were incubated with increasing
doses of R. rosea extract (10-25-50-100-150-200
ul). The incubation was carried on as previously
described.

Determination of osmolarity and pH condition

The osmolarity of the incubation medium was
measured with an automatic osmometer (Roebling).
In all the experimental conditions osmolarity and
pH similar to control sample were obtained.

Evaluation of hemolysis
After incubation experiments, erythrocyte suspen-
sion was centrifuged at 3,000 rpm for 10 min. and
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the supernatant used for haemoglobin determina-
tion. Hb was determined spectrophotometrically at
540 nm with Drabkin’s solution as described by
Beutler (1975) The hemolysis rate was determined
by the evaluation of the haemoglobin (Hb) released
by the erythrocytes in the supernatant in respect to
the total Hb amount. Erythrocyte hemolysis in con-
trol sample was evaluated as 0.6+0.14%.

Statistical analyses and SEM morphological eval-
uation

Statistical analyses were performed using
Kruskal-Wallis test. All data are expressed as mean
+ S.D. of at least five different determinations.

The morphological alterations were evaluated by
three different observers, in a separate observation
session, on at least 10 frames at the same magnifi-
cation for each field. It has been selected central
area of the specimens on which erythrocytes
appeared homogeneously distributed in the absence
of evident artificial aggregates induced by poly-L-
lysine.

Scanning Electron Microscopy (SEM)

For SEM analyses, cells were washed and fixed in
suspension with 2.5% glutaraldehyde in 0.1M
phosphate buffer (pH 7.3) for 1hr. They were quick-
ly washed in 0.15 M phosphate buffer pH 7.3 and
drops of the suspension were deposited on poly-L-
lysine-coated coverslips as previously described
(Falcieri et al., 1988). The adhesion was carried
out overnight in a moist and sealed chamber at 4°C.
The slides were then washed and postfixed with 1%
0s0s in the same buffer for 1hr. A gentle progres-
sive alcohol dehydration was performed and speci-
mens were critical point-dried. After mounting on
conventional SEM stubs by means of silver glue,
slides were gold-coated by a sputtering device.
Observations were carried out with a Philips 515
scanning electron microscope.

Results

1- HOCI treated samples and control

Control and treated samples are observed at
SEM level in order to evaluate the erythrocyte mor-
phological aspects in the different experimental
conditions. Untreated normal erythrocytes show
(Figure 1A; Table 1.1) the typical biconcave discoid
shape (discocyte) with a smooth membrane out-
lined by a round profile. Not particularly evident is
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Figure 1. SEM images of control and HOCI treated samples.
1A: control erythrocytes (x 1,490). 1B: erythrocytes incubated
for 15 min. with 0.5 mM HOCI (x 1,690). Arrows indicate some
altered erythrocytes. 1C: higher magnification (x 3,380) with
arrows indicating echinocytes.

the cell aggregation and a spontaneous hemolysis
corresponds to 0.6+0.14 % (Figure 2:A).

In the first experiment (oxidant only), samples
were exposed to 0.5 mM HOCI (Figure 1B; Table
1.1). 75+5% of total erythrocyte population shows
morphological alterations. Most of the altered cells
presents a deeply crenated shape (echinocyte)
(Figure 1C), on which diffuse spoke-like membrane
protrusions or convex rounded protuberances are
reqularly present. 7.1£0.85% hemolysis is
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observed in this experimental condition confirming
pre-existing data (Vissers et al., 1998; De Sanctis
et al., 2004) (Figure 2: &).

2- Co-incubation

In the second experiment (co-incubation), in
which the oxidant was simultaneously incubated
with increasing doses of R. rosea aqueous extract,
different ultrastructural features of erythrocytes
coming from R. rosea addition can be observed. In
the samples incubated with 0.5 mM HOCI together
with 10 and 25 ulL of the extract, about 90% of
erythrocytes with a crenated shape, similar to the
samples of the previous experiment, is shown
(Figure 3A-B; Table 1.2). In the sample incubated
with 50 ulL of extract (Figure 3C; Table 1.2) a
reduction of altered cells up to a 55+5% of the
whole population can be detected. The altered
shapes are now represented not only by echinocytes
but also by stomatocytes, cells with deep concave
invaginations of the surface; at this experimental
step, the ratio between echinocytes and stomato-
cytes is about 3 to 1 (Table 1.2).

After incubation with 0.5 mM HOCI and 100 ulL
of extract (Figure 3D; Table 1.2), an inversion of the
echinocyte-stomatocyte ratio (1 to 3, Table I.2) can
be described, as well as a decrease of the total
amount of erythrocytes on the specimen stand. Few
cnizocytes, cells with multiple deep concave invagi-
nations of the surface, are also visible.

Further reductions in cell shape alteration can be
observed after incubation with 0.5 mM HOCI and
150 ulL of the extract (Figure 3E; Table 1.2). In
fact, at this condition about 30% of erythrocytes is
mainly in the stomatocyte form. Small cell clusters
are easily shown and the amount of cells on the
stand seems to be reduced in respect to the control.

A remarkable effect is evident after incubation of
0.5 mM HOCI with 200 uL of the aqueous extract
(Figure 3F; Table 1.2). At this stage less than 20%
of erythrocytes appears with the stomatocyte
shape. During observation of this sample, it is diffi-
cult to find homogeneously distributed erythro-
cytes: in fact they appear in minor amount and
aggregated in small clusters.

In co-incubation experiments a dose-dependent
effect of Rhodiola extract is observed vs. HOCI-
induced hemolysis. In fact, as shown in Figure 2:-e-
the hemolysis ratio progressively decreases increas-
ing the extract dose. A significant protection was
already evident with 25 uL of the extract, while the
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Figure 2. Hemolysis data in the different experimental environ-
ments: Data are the mean +/- SD of five different determina-
tions. *p<0.05 vs. HOCI.

addition of 200 uL results in the minimal hemoly-
sis (0.83%0.24%), similar to the control sample
(0.6+£0.14%).

3- Pre-incubation

In the third experiment (pre-incubation) the sam-
ples are preliminarily treated with rising doses of R.
rosea extract and afterwards, subsequent to extract
washing, with the oxidant.

The samples exposed to 0.5 mM HOCI after the
pre-incubation with 10 uL and 25 ulL of the antiox-
idant, reproduce morphological effects similar to
the previous experiment of co-incubation with the
same amount of the extract, presenting about 90 %
of whole erythrocytes the echinocyte shape alter-
ation (Figure 4A-B; Table 1.3). It has to be noted
that, starting from the addition of 25 uL of the
extract, the total amount of cells present on the
specimen holder, still remains abundant, but ery-
throcytes appear to be widely scattered throughout
the stand, with a reduced tendency to the aggrega-
tion. Similar features are shown In the sample
exposed to 0.5 mM HOCI after pre-incubation with
50 uL of the extract (Figure 4C): a slight reduc-
tion, of about 10 %, of altered echinocyte shape
has to be mentioned (Table 1.3). In the sample
exposed to 0.5 mM HOCI after pre-incubation with
100 ulL of extract, a smooth crenated outline is evi-
dent on 65+5% of erythrocytes (Figure 4D; Table
[.3) similar to echinocytes in a precocious step of
alteration. Just few stomatocytes are present
(about 2%). A similar amount of affected erythro-
cytes is observable in the sample exposed to 0.5
mM HOCI after pre-incubation with 150 uL of

Original Paper

discosyic
0 etheicyle

B AN

ul K reres oxiragl

Table I. Erythrocyte shape behaviour in the different experimen-
tal environments: I.1.: control and 0.5 mM HOCI; 1.2: co-incu-
bation experiment; 1.3: pre-incubation experiment ; 1.4: pure R.
rosea extract.

Rhodiola (Figure 4E; Table 1.3). The altered cells
are mainly echynocytes / smooth crenated cells. The
stomatocyte shape is about 2%. In the sample
exposed to 0.5 mM HOCI after pre-incubation with
200 ulL of extract only 20 % of erythrocytes shows
alterations in cellular profile (Figure 4F; Table 1.3);
15 % of modified cells presents a stomatocyte
shape, while 5% assumes an undulated and crenat-
ed outline. As mentioned above, at this experimen-
tal point erythrocyte aggregation is not widely
detectable. Hemolysis data of the pre-incubation
experiments confirm the R. rosea dose-dependent
protective effect observed in the previous co-incu-
bation experiment (Figure 2: -m-), but minor effica-
cy is noted at various doses of the extract, in fact a
significant protection against HOCI hemolytic
effect is evident starting from the addition of 100
uL of R. rosea extract.
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Figure 3. Erythrocytes co-incubated with 0.5 mM HOCI and increasing doses of R. rosea aqueous extract at the SEM analysis (x
1,690). 2A: 10 L R. rosea extract; 2B: 25 uL R. rosea extract; 2C: 50 uL R. rosea extract. Arrows indicate stomatocytes; 2D: 100
plL R. rosea extract. Few cnizocytes are evident (arrows); 2E: 150 Il R. rosea extract; 2F: 200 pL R. rosea extract; small cell clusters
are evident.

4- Pure R. rosea treated samples. increasing the doses of the extract, has been noted.
In the fourth experiment (pure extract), samples The addition of 10 uL of R. rosea extract to ery-
have been incubated with the aqueous extract of R. throcytes (Figure 5A; Table 1.4) shows an ultra-
rosea only, and a different morphological behaviour, structure completely superimposable to the control
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Figure 4. SEM pictures of erythrocytes preliminarily treated with increasing doses of R. rosea extract and afterwards, subsequent to
extract washing, with 0.5 mM HOCI (pre-incubation). 3A: 10 pL R. rosea extract (x 1,690); 3B: 25 pL R. rosea extract (x 1,690); 3C:
50 plL R. rosea extract (x 1,690); 3D: 100 pL R. rosea extract (x 1,690); 3E: 150 L R. rosea extract (x 1,770); 3F: 200 pL R. rosea

extract (x 1,690).

samples, both in terms of morphology and of distri-
bution on the stand. After incubation with 25 uL of
the extract, a small number of erythrocytes (about
3 %) shows a smooth undulated outline and, at the

same time, the majority of erythrocytes appears
similar to control cells (Figure 5B; Table 1.4). After
50 ulL of extract addition, 25% of erythrocytes
appears as stomatocytes (Figure 5C; Table 1.4). An
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Figure 5. Erythrocyte incubation with increasing doses of pure R. rosea aqueous extract at the ultrastructural analysis (x 1,690). 4A:
10 pLv R. rosea extract; 4B: 25 pL R. rosea extract; 4C: 50 pL R. rosea extract; 4D: 100 pL R. rosea extract; 4E: 150 pL R. rosea
extract; 4F: 200 pL R. rosea extract.

erythrocyte rarefaction seems to occur. Incubation ed profile. Only few echinocytes are occasionaly
with 100 uL of Rhodiola rosea extract induces present (Figure 5D; Table 1.4). It has been detect-
alterations in about 30 % of erythrocytes, most of ed an increasing of altered shapes in sample incu-
which shows a stomatocyte-cnizocyte form, while bated with 150 uL extract. In fact, more than 50%
the remaining are represented by cells with crenat- of erythrocytes presents a stomatocyte-cnizocyte
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profile, whereas echinocytes are not present (Figure
5E; Table 1.4). As previously described, even at this
condition a remarkable increasing in cell mutual
adhesion and a decreasing in total amount of cells
on the specimen has to be reported. With the high-
est addition of the extract (200 uL) the 100% of
erythrocytes loses any discocyte profile, becoming
stomatocytes or cnizocytes, often aggregates.
(Figure 5F; Table 1.4). Hemolysis data, at increas-
ing doses of the extract, have a mean value of
0.5+0.12 (Figure 2: -o-), very similar to control
sample.

Discussion

In the present study, the antioxidant effects of the
aqueous extract of Rhodiola rosea roots and rhi-
zomes have been evaluated on human erythrocytes
exposed to hypochlorous acid-induced oxidative
stress utilising four different environments at dif-
ferent oxidative strength in presence or absence of
the extract; nevertheless the electron microscopy
has demonstrated morphological alterations
induced by the extract. Human erythrocytes are a
reliable and easily obtainable model to detect
oxidative stress; their own very simple internal
structure, depleted of nucleus and organelles, offers
an ideal environment not affected by complex and
renewable buffer system in which any cause-effect
relationship can be clearly shown. For these rea-
sons, several papers report the use of erythrocytes
to study oxidative stress and, in particular, the
effects of hypochlorous acid, even in the presence of
different kind of antioxidant (Vissers et al., 1994;
Vissers and Winterbourn, 1995; Vissers et al.,
1998; Zavodnik et al., 2001; De Sanctis et al.,
2004). Hypochlorous acid is reported as capable to
oxidize GSH and SH groups of membrane proteins
(Zavodnik et al., 2001), to indirectly form nitro-
gen-centered protein radicals from chloramine
species (Hawkins and Davies, 1998), to interfere
with cholesterol and fatty acids, yielding chlorohy-
drins (Carr et al., 1997) and to cause potassium
leak and cell lysis due to alteration of membrane
elasticity and cross-linking of membrane proteins
(Vissers et al., 1994; Visser et al.,, 1998). Even the
inactivation of glyceraldehyde-3-phosphate dehy-
drogenase, Na*/K*-, Ca*/Mg*-ATPase are reported
as effect of the interaction between even low doses
of HOCI and erythrocytes (Schraufstatter et al.,
1990; Zavodnik et al.,, 2001, De Sanctis et al.,
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2004). 0.5 mM HOCI has been used on erythro-
cytes in the first trial; the same oxidant but with
contemporary addition of increasing doses of aque-
ous extract of Rhodiola rosea (from 10 to 200 ulL)
has been utilised in the second trial (co-incubation).
A pre-incubation with increasing doses of the
extract and a following oxidative stress has been
carried out on the third experiment and, finally, only
the aqueous extract at different doses in the fourth
experiment (pure extract). The choice of the
amounts of extract and HOCI applied in the experi-
ments was due to preliminary studies (Vissers et al
1995, De Sanctis et al., 2004): 0.5 mM HOCI is in
fact consistent with an oxidative stress which
impairs some cellular functions without being too
harmful to loose any possible recovery of these
damaged functions.

Therefore, SEM analysis, in association with
hemolysis evaluation of the different environments,
underlines interesting and stimulating behaviours of
erythrocytes. In fact, the first experiment confirmed
the role of HOCI as strong oxidant agent: the
echinocyte, pathological erythrocyte shape with its
characteristic spoke-like membrane protrusions,
represents an useful, repetitive and reproducible
morphological precocious sign of oxidative stress
(Lim et al., 2002) that often, together with the
membrane protein clustering and spectrin alter-
ations, may precede the cell lysis (Vissers et al.,
1998).

The difference between the percentage of modi-
fied cells detected at the ultrastructural level
(about 70%) and hemolysis data (7.1%) after 15
min. of HOCI incubation only, underlines two impor-
tant aspects of our technical approach. The first is
the appropriateness of the oxidative stimulus,
strong enough to alter most of the cells but not
enough to disrupt all of them. This aspect can be
explained with a different cell resistance to the
stress, due to the different age of the erythrocytes
and consequently, due to a progressive missing of
intracellular buffer systems. The second one is that
SEM analysis may represent a sensitive tool to
detect precocious damages even in cells where,
ceasing the stimulus and thanks to more abundant
endogenous antioxidant capabilities, a reversion to
a physiological status, can be supposed.

According to similar assumptions, the second
experiment (co-incubation) clearly indicates a posi-
tive dose-dependent antioxidant activity of the
aqueous extract of R. rosea. It has to be considered
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the mainly morphological approach of the present
study in which protective effects have been evaluat-
ed as cell shape preservation. A constant confirma-
tion of the ultrastructures from echinocytes to the
normal shape, via stomatocytes, comes from the
data of decreasing in hemolysis ratio (from 5.5 to
0.8%) while increasing the extract addition from
10 to 200 pl to the medium.

A similar result is detectable in the third experi-
ment (pre-incubation). The positive dose-dependent
effect of the aqueous extract is evident, but two
main differences have to be pointed out: i) a pre-
ponderance of echinocytes in respect to stomato-
cytes, mainly presented in the co-incubation experi-
ment; ii) the hemolysis curve presents higher values
of damage at the same doses of the co-incubation
experiment. Both the evidences of a minor antioxi-
dant efficacy have to be correlated to the procedur-
al differences between the two experiments. In fact,
in the co-incubation experiment a protective effect
of R. rosea extract can be supposed both in the
intracellular as well as in the extracellular environ-
ment. On the contrary, in the pre-incubation experi-
ment, being absent the extract during the HOCI
exposition, a mere intracellular protection of the
internalized antioxidant has to be hypothesize. In
spite of that, the hemolysis rate, significatively
decreased by extract addition, underlines an impor-
tant intracellular activity. This demonstration and
the presence of pathological stomatocytes after
high R. rosea doses addition suggest a possible
direct role of R. rosea extract on erythrocyte alter-
ation. This hypothesis is confirmed by the fourth
experiment (pure extract). In fact, in this last exper-
iment it has to be noted that at the higher doses,
100% of erythrocytes showed morphological
changes in the absence of the oxidant. Stated that
echinocytes are the morphological sign of oxidative
stress (Lim et al., 2002), in our opinion, stomato-
cytes may be considered the sign of an “anti-oxida-
tive” stress. While echinocytes can be interpreted as
a premonitory sign of a hemolytic event, our hemol-
ysis data suggest that not the same can be said
about the stomatocyte shape, being 0.6 % only the
hemolysis of the extract even at the maximal dose.
The cnizocyte shape, detectable in the presence of
the extract highest amount may represent a deeper
alteration of the stomatocyte, due to the same caus-
es and with the same hemolytic behaviour (Rosati
and Colombo, 2003).

These findings agree with the fact that several
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antioxidants can express a prooxidant activity. For
example, while antioxidants from various herbal
medicines support a positive role in human nutri-
tion and disease prevention, it is of note that an in
vitro prooxidant activity was also observed for cyto-
toxic and proapoptotic effects (Ismail and Alan,
2001; Ueda et al., 2002; Fedeli et al.,, 2004).
Moreover, a mutagenic effect related to flavonoid-
mediated oxidative damage was also described
(Yamashita et al., 1999; Yoshino et al., 1999) and
it is suggested that the same structural features
determining an antioxidant activity, i.e. a high num-
ber of hydroxyl groups, could be responsible for the
prooxidant behaviour (Cao et al., 1997).

A wide family of agents, drugs and substances has
been described as stomatogenics (Hagerstrand et
al., 2000, Van der Heide and Poolman, 2000; Lim
et al.,, 2002), including chlorpromazine, cationic
amphipaths, and also conditions of low salt, low pH
and cholesterol depletion (Bobrowska-
Hagerstrand, 1998; Lim et al., 2002) and one or
more agents could be present in the extract in order
to induce stomatogenesis. Low salt or pH and the
presence of chlorpromazine can be excluded
because of the controlled experimental conditions.
Even if the cholesterol depletion can not be com-
pletely excluded, it has to be considered that cho-
lesterol depletion represents a preliminary way to
cell lysis (Lim et al., 2002) and this aspect does not
agree with our hemolysis data. A more probable
hypothesysis is the presence of cationic amphipats
that could be implicated in stomatogenesis of our
model. In fact, this category of molecules, including
surfactants, (co)solvents, such as certain alcohols
etc. (Cevc, 2003), could explain also other evi-
dences of our experiments. In fact, in the presence
of high amounts of R. rosea (co-incubation and
pure extract trials) a relevant tendency to the recip-
rocal cell adhesion has been noted and it is known
that cationic reagents can interfere with membrane
polysaccharides and proteins causing erythrocyte
adhesion (Nishiguchi et al., 1998). In our opinion,
this could explain the tight relationship between the
dose-dependent shape alteration and the dose-
dependent cell bond as well as the behaviour of ery-
throcytes undergoing to poly-L-lysine adhesion dur-
ing SEM preparation. The data of low hemolysis
suggest a constant erythrocyte dilution in the
buffer. Therefore, a lowest amount of cells
detectable at the SEM level in samples treated with
high doses of the extract, has to be related to an



alteration of cell adhesion to the specimen stand. It
is well known that the poly-L-lysine cover glass cell
adhesion represents a purely electrostatic interac-
tion between the poly cationic on the glass surface
and the cell to bind (Canesi et al., 2004); a distur-
bance in such process can be therefore obtained
adding to the cell surface a relevant amount of
cations, as probably in our experiment occur.

Studies are in progress in our labs in order to pre-
cisely identify the compound(s) responsible for the
described effects and to better understand the mod-
ifications of the erythrocyte membrane at the
cytoskeletal level.

In conclusion, considering that concentrated
extracts of antioxidant-rich plants such as propolis,
pine bark, green tea leaves, soy and grape seed are
widely and superficially marketed as uncontrolled
dietary supplements, caution should be taken in
relation to the dose administered. Is our opinion
that, such nutraceuticals, whose active compounds
should be considered properly as drugs, in absence
of certain scientific evidences, have to be care

fully administered.
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