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ABSTRACT

The effects of eleven flavonoids on lipid peroxi-
dation, protein degradation, deformability and
osmotic fragility of human erythrocytes exposed
in vitro to 10 mM H,O, for 60 min at 37°C have
been studied. The following flavonoids; quer-
cetin, rutin and morin significantly protected ery-
throcytes against lipid peroxidation caused by
H,O, This inhibition of lipid peroxidation could
be explained by the presence of at least two hy-
droxyl groups in ring B of the flavonoid struc-
ture, regardless of their positions. However, the
flavonoids; quercetin, 3,5,7-trihydroxy-4'-meth-
oxy flavone-7-rutinoside and 3-hydroxy flavone
significantly protected erythrocytes against pro-
tein degradation. This inhibition could also be
explained by the presence of a hydroxyl group
at C-3 in ring C of the flavonoid structure.
Quercetin and 3,5,7-trihydroxy-4'-methoxy fla-
vone-7-rutinoside significantly protected eryth-
rocytes against loss of deformability and in-
creased osmotic fragility, indicating that the loss
of erythrocyte deformability and the increase in
osmotic fragility of erythrocytes exposed to
H,O, are related to protein degradation rather
than to lipid peroxidation. The other flavonoids
(chrysin, 2-carboxy ethyl dihydroxy flavone, api-
genin, cirsimaritin, a-naphto flavone and fla-
vanone) failed to protect erythrocytes against
the observed oxidative damages. The results
demonstrate the importance of the chemical
groups substituted on the basic skeleton of the
flavonoids in dictating the type of antioxidant
activity, and also demonstrate the hemorheo-
logical potentials of flavonoids that have par-
ticular protein-antioxidant activities.
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1. INTRODUCTION

Erythrocytes are susceptible to oxidative damage as a
result of the high polyunsaturated fatty acid content of
their membranes and the high cellular concentrations of
oxygen and haemoglobin [1]. In healthy erythrocytes,
significant oxidative damage is prevented by a very effi-
cient antioxidant system, consisting of a number of anti-
oxidant compounds and enzymes [2]. However, when
free radicals overwhelm the capacity of antioxidant sys-
tem in the erythrocyte, oxidative damages may occur
endangering the integrity of the erythrocytes [3,4]. In
vitro exposure of erythrocytes to oxygen radical generat-
ing systems (such as H,0,, ascorbate/Fe’”, cumene hy-
droperoxide, fert-butyl hydroperoxide, etc.) was shown
to induce lipid peroxidation, protein degradation, loss of
deformability, an increase in osmotic fragility, membrane
lipid bilayer perturbation, inhibition of enzymes and
hemolysis [5-12]. However, Free radical reactions occur
in the human body and food systems. Free radicals, in
the form of reactive oxygen and nitrogen species, are an
integral part of normal physiology. An over-production
of these reactive species can occur in the human body,
due to oxidative stress brought about by the imbalance of
the body antioxidant defense system and free radical
accumulation. These reactive species can react with bio-
molecules, causing cellular injury and death. This may
lead to the development of chronic diseases such as those
involve the cardio- and cerebro-vascular systems and
cancers. The consumption of fruits and vegetables con-
taining antioxidants has been found to offer protection
against these diseases. Dietary antioxidants can augment
cellular defenses and help to prevent oxidative damage to
cellular components [13]. Plants are rich in phenolic
compounds and flavonoids which have been reported to
exert multiple biological effects, such as antioxidant ac-
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tivities, free radical scavenging abilities, anti-inflamma-
tory and anti-carcinogenic [14]. Epidemiological and in
vitro studies on medicinal plants and vegetables strongly
support the idea that plant constituents with antioxidant
activity are capable of exerting protective effects against
oxidative stress in biological systems [15-17]. Crude
extracts of herbs and other plant materials are rich in
phenols and flavonoids and several studies reported a
positive linear correlation between the total phenolic
compounds and the antioxidant activities of aqueous and
methanolic extracts of different plant species [18,19].
The antioxidant activity of phenols and flavonoids is
mainly due to their redox properties, which allow them
to act as reducing agents, electron/hydrogen donators,
and singlet oxygen quenchers. In addition, they have a
metal chelating potential [20]. The unique chemical
structures of phenolic compounds that are characterized
by an aromatic ring possessing one or more hydroxyl
substituents are predictive of their antioxidant potential
in terms of radical scavenging, hydrogen- or elec-
tron-donating and metal-chelating capacities [21]. The
flavonoids contain a C6-C3-C6 flavon skelton (Table 1)
in which the three-carbon bridge is cyclismed with oxygen

Table 1. List of studied flavonoids with their chemical structures.

[22]. The antioxidant activity of phenolic compounds
including flavonoids is related to the acid moiety and the
number and relative positions of hydroxyl groups on the
aromatic ring structure [20,23].

An earlier study from our laboratory indicated that the
antioxidant effects of medicinal plants on human eryth-
rocytes could be varied from being either anti-lipid per-
oxidant, anti-protein degradant or having both activities
[24]. This variation in the property of antioxidant activity
could be due to the structural variation of the antioxidant
compounds involved. The present study therefore aimed
to screen selected flavonoids with known chemical struc-
tures (Table 1), for their protective effects against lipid
peroxidation, protein degradation, deformability loss and
increased osmotic fragility of human erythrocytes ex-
posed to HyO,. This study also aimed to draw conclu-
sions based on the structure-activity relationships re-
garding the antioxidant properties of the flavonoids.

2. MATERIALS AND METHODS
2.1. Flavonoids
Stock solutions of the flavonoids (All Aldrich Chemi-
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Substitutions
Flavonoid
3 5 7 2’ 3 4
Quercetin OH OH OH - OH OH
Rutin OR1 OH OH - OH OH
Morin OH OH OH OH - OH
3,5,7-trihydroxy-4’-methoxy flavone-7-rutinoside OH OH ORI - - OMe
3-hydroxy flavone OH - - - - -
Chrysin - OH OH - - -
2-carboxy ethyl dihydroxy flavone - OH OH - OMe -
Apigenin - OH OH - - OH
Cirsimaritin - OH OMe - OH -
a-naphtho flavone - - - - - -
Flavanone H - - - - -

R1 = rhamnose-glucose.
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cal Company, Milwaukee, USA) were prepared by dis-
solving the powder form of the flavonoid in a few drops
of 0.1 N NaOH and then making up the required volume
with normal saline. These stock solutions (1.2 mg/ml)
were stored in the refrigerator at 4°C until use. The fla-
vonoids used and their chemical structures are shown in
Table 1.

2.2. Exposure of Erythrocytes to H,O, with
and without Flavonoids

Washed erythrocyte suspensions were prepared by
centrifugation of heparinized whole blood from adult
volunteers, who were told and explained to the objectives
of this study and venous blood drawn after taking their
consent, to remove the buffy coat layer and then washing
the packed cells three times with cold phosphate buffered
saline (PBS) as described by Dacie and Lewis [25].
Washed erythrocyte suspensions were pre-incubated with
2 mM sodium azide for 60 min at 37°C in a shaking wa-
ter bath to inhibit catalase. Next, equal volumes of cell
suspension and 20 mM H,0, were mixed and incubated
for a further 60 min at 37°C. Controls contained PBS
instead of H,0,. Following the incubation period, the
suspensions were mixed and used for MDA and alanine
determinations as well as for deformability and fragility
studies [12]. A given flavonoid at a final concentration of
90 pg/ml (i.e. 75 pl/ml) was added to erythrocyte sus-
pensions at 30 min of the pre-incubation period with so-
dium azide.

2.3. Malonyldialdehyde (MDA)
Determination

Erythrocyte MDA was determined as a measure of
lipid peroxidation according to Stocks and Dormandy’s
method [26] as modified by Srour ef al. [27]. The princi-
ple of this method depends on extraction of MDA from
erythrocyte suspension by trichloroacetic acid (TCA)
solution. MDA in the TCA extract is then reacted with
thiobarbituric acid (TBA) giving a pink colored complex
(absorption max 532 nm). To 2.0 ml erythrocyte suspen-
sion (2.5% in PBS), 1.0 ml of TCA-arsenate (TCA 28%,
arsenate 0.1 M) was added and mixed. This mixture was
centrifuged for 15 min at 1050 g (6000 rpm). An aliquot
(2.0 ml) of the supernatant was mixed with 0.5 ml of
TBA solution (1% in 0.05 M NaOH). This mixture was
placed in a boiling water bath for exactly 15 min, then
immediately cooled under tap water. The absorption of
the reaction mixture was read at 532 nm against reagent
blank. For experiments that involved sodium azide, the
absorbance was also read at 600 nm, and the difference
between 532 nm and 600 nm was used as the basis for
calculation of MDA concentration. For preparation of the
standard curve, standard MDA (1,1,3,3,-tetracthoxypro-
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pane) dissolved in distilled water (4 - 20 nmol/ml) was
assayed as above. All MDA concentrations were ex-
pressed in nmol/g Hb. All MDA concentrations were
expressed in nmol/g Hb. The Hb was measured by the
cyanmethemoglobin method as described by Dacie and
Lewis [25].

2.4. Alanine Determination

Alanine is not synthesized de novo in erythrocytes, so
net production of alanine can only occur via protein deg-
radation. Erythrocyte alanine concentration was deter-
mined as a measure of protein degradation was deter-
mined by the alanine dehydrogenase (ADase) method at
alkaline pH as described by Davies and Goldberg method
[28] and modified by Srour et al. [12]. To 3.0 ml of
erythrocyte suspensions, was added 1.0 ml of cold 1.6 M
perchloric acid. After vortexing and 10 min on ice, the
suspensions were centrifuged at 500 g for 10 min. Then
1.0 ml aliquots of the supernatants were taken to pH 9.0
with 0.2 ml of 2.0 M KOH and buffered by the addition
of 0.8 ml of 0.5 M Tris-HC1 (pH 9.0). After 1 - 2 hrs on
ice, during which the perchlorate precipitated, the alanine
content of each sample supernatant was measured. To 0.5
ml aliquot of each supernatant, the following reagents
were added; 0.5 ml of 0.8 M Tris-HC1 (pH 9.0) buffer
containing 0.04 M EDTA, 0.5 ml of 6.6% hydrazine hy-
drate solution (pH 9.0), 0.1 ml of 20 mg/ml NAD" and
0.1 ml of 6 IU/ml alanine dehydrogenase. After incuba-
tion for 60 min at 37°C, the alanine content was deter-
mined spectrophotometrically at 340 nm by the reduction
of NAD" to NADH. Standard alanine solutions (5-25
nmol/ml) were assayed along the erythrocyte suspen-
sions to construct a standard curve. All alanine concen-
trations were expressed in nmol/g Hb. The Hb was
measured by the cyanmethemoglobin method as de-
scribed by Dacie and Lewis [25].

2.5. Deformability Studies

Leukocyte-depleted and platelet-depleted erythrocyte
suspensions were prepared by pre-filtration of heparin-
nized whole blood from adult volunteers through
Imugard 1G500 cotton wool (Termo corporation, Tokyo,
Japan) as described by Bilto et al. [29]. The cotton wool
filtered erythrocytes were resuspended in PBS at a he-
matocrit of 7% and then exposed to H,O, with and
without flavonoids as described above. Erythrocyte de-
formability was measured by filtration of erythrocyte
suspension through 5 um pore diameter polycarbonate
membranes (Nuclepore corporation, Pleasanton, USA)
using a temperature controlled Hemorheometre MK1 [30]
at 37°C. A small batch of 12 membranes was used and
reused after cleaning by ultrasonication in aqueous so-
dium dodecylsulfate (1%, w/v) for 10 seconds [31]. Re-
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sults were expressed as an index of filtration (IF) of the
flow time for the erythrocyte suspension relative to
buffer and corrected for hematocrit [29]. An increase in
IF indicates loss of deformability.

2.6. Osmotic Fragility Measurements

Aliquots (0.2 ml) of erythrocyte suspensions (2.5%
hematocrit) incubated with H,O, in the presence and
absence of flavonoids at a final concentration of 90
pg/ml (i.e. 75 pl/ml) were added to 1.8 ml of buffered
saline solutions of decreasing concentrations, pH 7.4,
(NaCl range of 9.0 - 1.0 g/l). The suspensions were
mixed and then allowed to stand for 30 min at room
temperature, mixed again and then centrifuged for 5 min
at 1200 rpm. The supernatants were removed and the
amount of lysis was determined spectrophotometrically
at 540 nm. The percentage of hemolysis was calculated
from the ratios of the absorbances [25].

2.7. Statistical Analysis

The results presented are means + SD of 5 separate
experiments for each test with duplicate tubes. Statisti-
cal significance was determined using one-way analysis
of variance followed by Student’s -test for paired sam-
ples. Differences were considered significant when p <
0.05.

3. RESULTS

Incubation of erythrocytes with H,O, for 60 min at
37°C caused a significant increase in intracellular MDA
(i.e. an increase in lipid peroxidation) from 20.0 + 3.7
nmol/g Hb without H,O, to 402.0 £ 56.7 nmol/g Hb with
H,0, (Table 2). When erythrocytes were pre-incubated
with 90 mg/ml of tested flavonoids, only quercetin, rutin
and morin caused a significant inhibition of MDA pro-
duction (Table 2).

Incubation of erythrocytes with H,O, for 60 min at
37°C also caused a significant increase in intracellular
alanine (i.e. an increase in protein degradation) from 519
+ 108 nmol/g Hb without H,O, to 3504 + 280 nmol/g Hb
with H,O, (Table 2). When erythrocytes were pre-incu-
bated with 90 mg/ml of tested flavonoids, only quercetin,
3,5,7-trihydroxy-4’-methoxy flavone-7-rutininoside and
3-hydroxy flavone caused a significant inhibition of
alanine production (Table 2).

Incubation of erythrocytes with H,O, for 60 min at
37°C also caused a significant increase in IF (i.e. loss of
deformability) from 11.9 + 2.4 without H,O, to 116.4 +
10.5 with H,O, (Table 2). Pre-incubation of erythrocytes
with 90 mg/ml of quercetin or 3,5,7-trihydroxy-4’-
methoxy flavone-7-rutinoside prevented significantly the
deformability loss of erythrocytes exposed to H,O,,
whereas pre-incubation of erythrocytes with other fla-
vonoids such as rutin, morin, chrysin, 2-carboxy ethyl

Table 2. Alanine and MDA concentrations, and IF of normal erythrocytes when incubated at 37°C for 60 min with or without 10 mM
H,0, or with H,O, plus 90 pg/ml tested flavonoids. Values are presented as a mean + S.D. of 5 experiments with duplicate tubes.

Alanine (nmol/g Hb) MDA (nmol/g Hb) IF

Flavonoid Conc. (ug/ml)  without H,O,  with H,0, without H,O,  with H,O, without H,0,  with H,0,
Control 0 519+108  3504+280  200+37  4020+567  11.9+24  1164+105
Quercetin 90 501+80 24794199 230433  1959+395  115+18  70.5+8.6
Rutin 90 5054106  3498+208  21.0+£54  2475+33.0°  11.1+13 1183 +145
Morin 90 510476 37504265  23.0+7.0  264.0+450° 12021  1203+13.5
%f\;ﬁ;{gffjgg:g;metho"y 90 586+87  2950+161°  20.0£9.0 3777460  11.6+24 865124
3-hydroxy flavone 90 586+45  2860+202°  24.0+3.0  406.0 +48.0 - -
Chrysin 90 530 +45 36214295 221465  393.0+441  103+28  110.9+155
f]':vasgg"y ethyl dihydroxy 90 50640 3710302 195460  407.0+40.1  10.5+2.6  1203+112
Apigenin 90 485+ 55 35144324  240+60  400.0+34.0 - -
Cirsimaritin 90 564+32  3500+234 200450  398.0+35.0 - -
o-naphtho flavone 90 564+ 67 3369 + 263 20.0+4.0 416.1 +£34 11.6+2.9 114.0 +18.0
Flavanone 90 490+76  3425+265  21.1+54  380.0+400  103+25 1156+ 15.0

-: Not determined; ": P < 0.05, compared to control erythrocytes with H,0, alone.

Copyright © 2012 SciRes.
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dihydroxy flavone, a-naphtho flavone and flavanone
showed no effect on deformability loss caused by H,0,
(Table 2).

In an attempt to explain the observed effects of H,0,
and the tested flavonoids on erythrocyte deformability,
the osmotic fragility of erythrocytes exposed to H,O, and
to tested flavonoids was studied. As shown in Figure 1,
erythrocytes exposed to H,O, showed increased osmotic
fragility (as the osmotic curve shifted to the right posi-
tion) when compared to control erythrocytes incubated in
the absence of H,O,. However, pre-incubation of eryth-
rocytes with rutin and a-naphtho flavone which did not
have any effect on either alanine production or erythro-
cyte deformability, showed no effect on the osmotic fra-
gility of erythrocytes exposed to H,0O,, since they didn’t
affect the position of the osmotic curve for these eryth-
rocytes (Figure 1). In contrast, quercetin and 3,5,7-tri-
hydroxy-4’-methoxy flavone-7-rutinoside which inhib-
ited alanine production and prevented the deformability
loss improved the fragility of erythrocytes exposed to
H,0,, since they shifted the osmotic curve for these
erythrocytes towards the left (Figure 1).
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4. DISCUSSION

The present study evaluated the antioxidant properties
of eleven flavonoids using human erythrocytes exposed
to 10 mM H,0, (Table 2). The results of lipid peroxida-
tion (Table 2) showed that flavonoids with no or with
one hydroxyl group in ring B (e.g., 3,5,7-trihy-
droxy-4’-methoxy flavone-7-rutinoside, 3-hydroxy fla-
vone, chrysin, 2-carboxy ethyl dihydroxy flavone, a-
naphtho flavone and flavanone, cirsimaritin and apigenin)
had no effects on MDA production. Whereas, quercetin
and its 3-rutinoside (rutin), which both have ortho
3’,4’-dihydroxy substitution in ring B, inhibited signifi-
cantly the MDA production in H,O,-treated erythrocytes
(Table 2). This emphasizes the importance of the ortho
3’,4’-dihydroxy substitution in ring B for the inhibition
of lipid peroxidation. However, the hydroxyl groups at
C-3 and C-5 do not seem to be important for this inhibi-
tion, as the C-3 hydroxyl group in rutin (which inhibited
lipid peroxidation) is replaced by a disaccharide and the
flavonoids which have C-5 hydroxyl groups did not in-
hibit lipid peroxidation. These results are consistent with

NaCl(g/L)

Figure 1. Osmotic fragility curves for heparinized erythrocytes incubated at 37°C for 30 min in the absence (—9—) or in the presence
of 10 mM H,0, () or in the presence of 10 mM H,0, plus 90 ug/ml quercetin (&) or 90 ug/ml 3,5,7-trihydroxy 4’-methoxy fla-
vone-7-rutinoside (—#—) or 90 pg/ml rutin (--+-) or 90 pg/ml a-naphtho flavone (—s—). Each point represents the mean of five
experiments. ": P < 0.05 as compared with erythrocytes treated with H,O, alone.

Copyright © 2012 SciRes.
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those of other researchers [32] who found that quercetin
protected H,O, induced lipid peroxidation of erythro-
cytes, and with others [33] who found that quercetin and
rutin protected low-density lipoproteins (LDL) against
Cu”" ion-dependent oxidation, and also with others [34]
who found that flavonoids which possess only one hy-
droxyl group at C-4’ on the B ring and which also lack
the C-3 hydroxyl group (i.e. apigenin and chrysin) did
not show a scavenging activity towards peroxynitrite,
whereas, quercetin showed the most prominent scaveng-
ing activity of all the tested flavonoids. The precise
mechanism by which the ortho 3’°,4’-dihydroxy groups
protected lipids against peroxidation is uncertain, likely
mechanisms could be their oxidation by the free radicals,
thus scavenging the free radicals, and/or chelation of iron
and thus reduction of free radical formation [33,35-40].

As lipid peroxidation was also inhibited by the flavon-
oid morin (Table 2), which has meta 2’,4’-dihydroxy
substitution in ring B, it seems that the number of hy-
droxyl groups located in ring B of the flavonoid could
also be important for the inhibition of lipid peroxidation,
with two hydroxyl groups being the minimum require-
ment, regardless of their positions. In support of this, it
has been reported that the scavenging activity of flavon-
oids for hydroxyl radicals increases with the number of
hydroxyl groups substituted in ring B, and that the pres-
ence of hydroxyl group at C-3 or its glycosylation does
not further increase the scavenging effect [37,41]. Con-
sequently, it seems that oxidation of the meta 2°,4’-
dihdroxy groups by free radicals could have been re-
sponsible for the anti-lipid-peroxidant activity of morin
observed in the present study. The anti-lipid-peroxidant
activities for quercetin, rutin and morin were also ob-
served by Affany et al. [42], who also found no effect for
the flavonoid flavone which supports further our results
and the conclusion reached above.

Quercetin, 3,5,7-trihydroxy-4’-methoxy flavone-7-ru-
tinoside and 3-hydroxy flavone significantly protected
erythrocytes against protein degradation as compared
with those treated with H,O, alone (Table 2). In contrast,
the flavonoids rutin, morin, chrysin, 2-carboxy ethyl di-
hydroxy flavone, apigenin, cirsimaritin, a-naphtho fla-
vone and flavanone were not able to stop this protein
degradation (Table 2). This emphasizes the importance
of the hydroxyl group at C-3 in ring C for the inhibition
of protein degradation, while other hydroxyl groups in A
and B rings do not seem to be important for the observed
inhibitory activity of protein degradation. The precise
mechanism by which these flavonoids protected proteins
against degradation is uncertain. However, Brown et al.
[33] reported that the presence of a C-3 hydroxyl group
in the flavonoid structure enhances the oxidation of
quercetin and kaempferol, whereas luteolin and rutin,
each lacking the C-3 hydroxyl group, do not oxidize as

Copyright © 2012 SciRes.

readily, in the presence of Cu®" ions.

Morin, which although it has a hydroxyl group at C-3
in the C ring, did not protect proteins against degradation.
This is presumably due to the presence of a hydroxyl
group at C-2’ in the B ring of morin. In support of this, it
has been reported that the addition of a hydroxyl group at
C-2’ lowers the phosphodiesterase (PDE) and H', K'-
ATPase inhibitory activities of the flavonoids [36,43].

The antioxidant activity of flavonoids could also be
dependent on their partitioning abilities between the
aqueous and lipophilic environments [44,45]. The pre-
sent study does suggest that the anti-protein-degradation
activity would require the flavonoid to have partitioning
ability towards lipophilic environment, as the flavonoids
which showed anti-protein-degradation activity ranged
from a very lipophilic such as 3-hydroxy flavone (in-
soluble in water) to quercetin which has an equal distri-
bution between aqueous and lipophilic environments,
whereas rutin which is more hydrophilic than quercetin
(due to the presence of a disaccharide at C-3) did not
prevent protein-degradation [33]. On the other hand, it
seems unlikely for the anti-lipid-peroxidant activity to be
dependent on the partitioning abilities of the flavonoids,
as this activity was reported for various antioxidants
ranging from a very water soluble compounds such as
vitamin C to a very lipophilic compounds such as vita-
min E [24,42].

Quercetin and 3,5,7-trihydroxy-4’-methoxy flavone-7-
rutinoside significantly protected erythrocytes against
loss of erythrocyte deformability as compared with those
treated with H,O, alone (Table 2). In contrast, the fla-
vonoids rutin, morin, chrysin, 2-carboxy ethyl dihydroxy
flavone, a-naphtho flavone and flavanone showed no
effects on IF values (Table 2). The protective activity of
the flavonoid 3,5,7-trihydroxy-4’-methoxy flavone-7-
rutinoside against loss of erythrocyte deformability ap-
peared to be independent of lipid peroxidation since this
flavonoid inhibited protein degradation in erythrocytes
exposed to H,O, without affecting lipid peroxidation
(Table 2). Thus, these findings support our previous re-
ports that under oxidative stress, the loss of deformability
in erythrocytes or neutrophils is related to protein- deg-
radation and independent of lipid peroxidation [12,24,
46].

Erythrocytes exposed to H,O, exhibited increased
sensitivity to osmotic shock when compared to controls.
However, when these erythrocytes were pre-incubated
with the flavonoids rutin and a-naphtho flavone the os-
motic fragility of H,O,-treated erythrocytes was not
changed (Figure 1). On the contrary, pre-incubation of
erythrocytes with the flavonoids quercetin and 3,5,7-
trihydroxy-4’-methoxy flavone-7-rutinoside decreased
significantly the osmotic fragility of H,O,-treated eryth-
rocytes (Figure 1), presumably because of their abilities
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to inhibit protein degradation. This would suggest that
both quercetin and 3,5,7-trihydroxy-4’-methoxy flavone-
7-rutinoside make the cytoskeleton of erythrocytes more
resistance to mechanical insult by protecting them against
protein degradation. These findings also support our pre-
vious reports that under oxidative stress, the increase in
osmotic fragility of the erythrocyte and the loss of eryth-
rocyte deformability are related to protein-degradation
rather than to lipid peroxidation [12,24].

In conclusion, the flavonoids which had two hydroxyl
groups in ring B, regardless of their positions were found
to be anti-lipid-peroxidant and the flavonoids which had
an hydroxyl group at C-3 were found to be anti-pro-
tein-degradant as well as rheologically protecting against
oxidant stress.
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