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Quercetin and epigallocatechin gallate effects on the cell membranes
biophysical properties correlate with their antioxidant potential
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Abstract. Quercetin and epigallocatechin gallate are two of the most abundant polyphenols in dietary
plants, including apples, onions, red wine and green tea. The bioactivity of polyphenols is linked
to their ability to interact with cell membranes without being internalized. The aim of the present
study was to assess the short-time effect of these polyphenols on membrane anisotropy and trans-
membrane potential of U937 monocytes and Jurkat T lymphoblasts. Results showed that quercetin
and epigallocatechin gallate induced, after 20 minutes cell exposure, a dose-dependent increase of
membrane anisotropy and polarization. Anisotropy increase was correlated with the reduction of
lipid peroxidation. Our results could indicate that the antioxidant capacity of the tested polyphenols
is due to their stabilizing effect on the cell membranes, thus contributing to cell protection in various
pathologies and as adjuvant therapy in highly toxic treatment regimens.
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Abbreviations: DiBAC,(3), bis-(1,3 -dibutylbarbituric acid)trimethine oxonol; DMSO, dimethyl
sulfoxide; DPPP, diphenyl-1-pyrenylphosphine; EGCG, epigallocatechin gallate; FCS, fetal calf
serum; PBS, phosphate buffer saline; TMA-DPH, 1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5-

hexatriene p-toluensulfonate.

Introduction

The health-promoting effects of vegetable-based diets have
been attributed to their rich polyphenol composition (Boots
etal. 2008; Fraga et al. 2010). Quercetin and epigallocatechin
gallate (EGCQG) are two of the most abundant polyphenol
compounds found in foods as apples, onions, red wine and
green tea. According to literature data, quercetin and EGCG
can modulate intracellular calcium concentration, thus pre-
venting cell oxidative processes and other Ca?*-regulated
events as well (Verstraeten et al. 2008; Sanchez-Gallego et al.
2010). Last years research proved the involvement of flavo-
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noids in modulating oxidative stress and other pathological
processes, including inflammation. These studies could ex-
plain the reason for their beneficial effects for human health
such as prevention of atherosclerosis-based cardiovascular
disorders, diabetes and other metabolic diseases or even
cancer (Arts et al. 2002; Taubert et al. 2003; Manach et al.
2004; Vita 2005; Schroeter et al. 2006; Mursu et al. 2008).
The bioactivity of flavonoids is closely linked to their
ability to interact with membranes since many of these
compounds generate a cell response even if they are not
internalized (Erlejman et al. 2008; Verstraeten et al. 2008).
For example, the location of the polyphenolic structure at
the membrane level may result in changes that allow them to
sterically hinder the diffusion of free radicals, therefore the
interaction with cell membranes might be a decisive factor
for their antioxidant activity (Arora et al. 2000; Barros et al.
2001; Oteiza et al. 2005; Sanchez-Gallego et al. 2010).
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Membrane microviscosity and transmembrane potential
are among the most important biophysical properties of cell
membranes. There are several research reports that link the
microviscosity of cell membranes to the effects induced by dif-
ferent toxic stimuli. The increase of hepatocytes membrane
fluidity under the influence of some xenobiotics (such as
tacrine, ximelagatran or ethanol) is related to drug-induced
liver injury and is leading to substantial disturbances of cell
function (Sergent et al. 2005, 2009). Fujimoto et al. (1999)
proved that cells exposed to apoptotic stimuli exhibit altera-
tions of membrane fluidity. The viral infection of N2a mouse
neuroblastoma cells leads to a significant increase in mem-
brane fluidity (Mishra et al. 2009). Incubation with oxidized
LDL particles induced an increase of the endothelial cells
membrane fluidity and a-tocopherol prevented this effect
(Ghosh et al. 2002; van Aalst et al. 2004).

Several studies investigated the interaction between the
two polyphenols and the cell membrane using both artificial
membranes (Kajiya et al. 2002; Kumazawa et al. 2004; Tamba
et al. 2007; Kamihara et al. 2008; Iftime et al. 2010) and cell
lines (Kanupriya et al. 2006; Verstraeten et al. 2008) and the
results showed that flavonoids induced changes at the cell
membrane level that lead to an increased protection against
oxidative stress.

The aim of the present study was to assess early effects
exerted in vitro by quercetin and EGCG on membrane ani-
sotropy and transmembrane potential of Jurkat and U937
cell lines, correlated with the antioxidant activity of the two
polyphenols.

Our results suggest that the antioxidant capacity of the
tested polyphenols is due to their stabilizing effect on the
cell membranes, thus contributing to cell protection in
various pathologies and as adjuvant therapy in highly toxic
treatment regimens. These studies could have an impact on
the global tendency of using polyphenols in preventive and
curative medicine.

Materials and Methods

Materials

HPLC grade EGCG (purity 295%, from Sigma, code E4143)
and quercetin (from Merck) were used for the in vitro stimu-
lation of the cells; in the case of EGCG, the content of up
to 5% unknown polyphenolic substances can influence the
results. The stock solutions (10 mM quercetin in DMSO and
EGCG in water) were kept at —20°C between different day
experiments. RPMI 1640 (supplemented with L-gluthamate)
from Merck was used as the main medium for the cells sus-
pension during all tests performed.
1-(4-trimethylammoniumphenyl)-6-phenyl-1,3,5-hex-
atriene p-toluensulfonate (TMA-DPH) was purchased from

Molecular Probes (Invitrogen Inc.) and used as a membrane
anisotropy fluorescence probe. Bis-(1,3-dibutylbarbitu-
ric acid)trimethine oxonol (DiBAC4(3)), was bought from
Molecular Probes and was used as a fluorescent probe for
the evaluation of transmembrane potential changes under
the influence of the two polyphenols. Diphenyl-1-pyrenyl-
phosphine (DPPP) from Molecular Probes was used as
a fluorescent probe to monitor cumene hydroperoxide
(CuOOH) 10 pM (Sigma)-induced lipid peroxidation of
the cell membranes.

The cell membrane anisotropy and transmembrane cell
potential evaluation were performed using a LS 50B Perkin
Elmer spectrofluorimeter equipped with thermostated cell
holder, magnetic stirring and fluorescence polarization ac-
cessory in a double-staining experiment. The lipid peroxi-
dation was monitored in dynamics, using the DPPP bound
to cells fluorescence spectra recorded on the Perkin Elmer
spectrofluorimeter (model LS 50B) as well.

Cell cultures

Experiments were performed using U937 and Jurkat cells,
from European Collection of Cell Cultures, at the 3th-4th
passage. The U937 human macrophage cell line as well as
Jurkat lymphocytic cells were grown in RPMI 1640 supple-
mented with 10% heat-inactivated fetal calf serum (FCS) at
37°C in 5% CO, atmosphere.

Prior to the experiments, cells were washed 3 times
with phosphate buffer saline (PBS; pH 7) at 1200 rpm, for
2 minutes. After the last centrifugation, they were counted
and standardized at 10° cells/ml to be used in aliquots of
2 mlin the fluorimeter cuvette. Results are the mean of three
replicate determinations.

Cell membrane fluidity assay

The cell membrane anisotropy measurements were per-
formed by evaluation of the anisotropy value of TMA-DPH
in a steady state fluorescence polarization experiment. TMA-
DPH is a classically used probe to assess the membrane-like
local anisotropy of a fluidic microsystem (Van Blitterswijk
et al. 1981; Huang and Haugland 1991; Pebay-Peyroula et
al. 1994; Martins et al. 2010). We determined the TMA-
DPH bound to cell anisotropy, as fluidity is proportional
to the inverse of squared anisotropy (Pebay-Peyroula et al.
1994) and the results were expressed as ratios with respect
to a control.

The fluorescence anisotropy of labeled cells was evalu-
ated prior and after 20 minutes of incubation, at room
temperature, with quercetin or EGCG. For this purpose, the
normalized cell suspension labeled with 2 uM TMA-DPH
(2 minutes incubation at 37°C, under continuous magnetic
stirring) was excited with polarized light at 340 nm and the
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emission intensities were detected at 425 nm. The measure-
ments were carried out for the four possible positions of the
polarizers in the excitation and emission beam. A control
sample consisting in non-treated cells was identically evalu-
ated (Ilie et al. 2009).

The calculation of the fluorescence anisotropy (r) was
performed according to equation:

o 1.=G1, M
I,+2-G-1,

where G = I, /I, is an instrumental factor, and I,,,, L,
I, and Iy, represent the emission intensity when the po-
larizers are oriented vertical-vertical, vertical-horizontal,
horizontal-vertical and horizontal-horizontal, respectively
(Lakowicz 1999).

The effect was evaluated as relative anisotropy change
effect following equation:

7
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where 7; is the anisotropy value of the sample and r, is the
anisotropy value of the control sample.

Transmembrane potential evaluation

DiBAC,4(3) is a slow-response potential-sensitive probe
that can enter depolarized cells, binds to intracellular pro-
teins or membrane thus exhibiting enhanced fluorescence
(Epps etal. 1994). An increase in depolarization generates
an additional influx of the anionic dye, resulting in the
increase of fluorescence. Conversely, hyperpolarization
(increase in the absolute value of the membrane potential)
is indicated by a decrease in fluorescence (Klapperstiick
et al. 2009).

In a normalized suspension (2 uM probe concentration
for 10° cells/ml), DiBACy4(3)-labeled cells were excited at
493 nm and fluorescence emission spectra were collected
within the range 500 to 600 nm. Fluorescence intensity was
measured at 517 nm before and after 20 minutes incubation
of the cells with quercetin or EGCG. A control sample of
untreated cells was also evaluated similar to the samples.
The membrane potential changes were evaluated as a relative
effect of the two polyphenols using equation:

1. -1,
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where I represent the fluorescence emission intensity meas-
ured at 517 nm, the indices 7 and ¢ denotes the treated sample

and the control, respectively, and the index 0 denotes the
signal before the incubation with the dye.

e, (%) = 100-[1—

In order to reduce the number of experiments, the two
fluorescent probes were added simultaneously, and the fluo-
rescent signals were collected successively, after performing
tests that showed that the two probes do not interfere, either
spectrally or chemically (results not shown) and the final
results were not statistically interfered by the successive
measurements of the signals.

Measurement of membrane hydroperoxides by DPPP-oxide
fluorescence

Several methods for the evaluation of lipid peroxidation are
mentioned in literature data (Breusing et al. 2010; Margina
et al. 2011). DPPP is a probe that lacks fluorescence; its
oxide, which is specifically generated in reaction with hy-
droperoxides, has strong fluorescence (Gomes et al. 2005).
According to literature data, experimental lipid peroxida-
tion was induced by 10 uM CuOOH which generates an
effective reaction with DPPP in the membrane (Takahashi
etal. 2001).

DPPP was dissolved in DMSO at a concentration of
5 mM. After addition of DPPP at a final concentration of
5 uM, cell suspension was incubated at room temperature,
for 20 minutes in the dark. DPPP-labeled cells were treated
with 10 uM CuOOH to induce DPPP-oxide formation. The
process was assayed by performing fluorescence emission
spectra between 360 nm and 410 nm, excitation at 351 nm,
every minute, for 5 minutes. Fluorescence intensity maxi-
mum was measured at 380 nm (Okimoto et al. 2000) and
represented as a time function.

Statistical analysis

Results are expressed as means * standard deviation (SD).
Statistical analysis was performed using the Student’s t-test.
Differences were considered significant for p < 0.05.

Results

The aim of the present study was to assess short-time effects
exerted in vitro by quercetin and EGCG on membrane ani-
sotropy and transmembrane potential of Jurkat and U937
cell lines, correlated with the antioxidant activity of the two
polyphenols.

We selected human constitutively proliferating cell lines
(Jurkat T lymphoblasts and U937 monocytes) correspond-
ing to peripheral leukocytes, in order to generate knowledge
regarding the effect of quercetin and EGCG by in vitro
studies on cell lines to be further translated to in vivo hu-
man studies.

The cellular parameters investigated in this study were
chosen considering that cell functions are highly dependent
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on membrane integrity, involving proper anisotropy, trans-
membrane potential and low levels of lipid peroxides.

Setup of the experimental model

Preliminary experiments showed that tested compounds
(quercetin and EGCG) did not interfere with the fluorescent
probes as they have different maximum emission wavelength
(not shown). Personal unpublished data demonstrated that
the fluorescent signals of the dyes used for anisotropy (TMA-
DPH) and transmembrane potential (DiBAC,4(3)) did not
interfere with each other.

For setting up the in vitro protocol, cells were incubated
for 5, 10, 20 and 30 minutes with the tested compounds and
we observed that the maximum effect was registered at 20
minutes; the anisotropy and transmembrane potential did
not change at longer incubation time.

As such, our experimental model is appropriate for testing
in vitro the two selected polyphenols.

Effects of quercetin and EGCG on U937 and Jurkat mem-
brane anisotropy

TMA-DPH was designed to allow a more precise positioning
of the probe at the membrane level compared to its earlier
congener - DPH, since the cationic trimethylammonium
group acts as a surface anchor. The probe displays, in iso-
tropic media, specific fluorescence anisotropy properties,
which are changed if the free orientation of the probe is
restricted by the local microenvironment. This is the basis
on which the probe functions to assess the changes in the
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Figure 1. Quercetin (Q) and EGG effects on the membrane
anisotropy of U937 cells, expressed as % increase reported to the
unstimulated cells. Q and EGCG induce a significant increase of
the U937 membrane anisotropy, at concentrations up to 50 uM; at
higher levels of exposure, we have observed a limitation of the effect
in the case of Q. EGCG induces a 40% increase of the anisotropy,
when rising from 100 uM to 200 uM. Results are expressed as %
increase reported to the unstimulated cells; significantly statistic
results are marked with an asterisk.

microviscosity of the cell membrane: after the cell nembrane
exterior phospholipid layer permeation, the probe binds to
the membrane and becomes a “rapporteur” for the changes
in the anisotropy of the membrane.

The short-time exposure of cells to different concentra-
tions of each of the two polyphenols used lead to an increase
of the membrane anisotropy (Figure 1). As anisotropy and
fluidity are inversely correlated, we can say that quercetin
and EGCG induced a dose-dependent decrease of the U937
membrane fluidity; the EGCG effect was stronger than the
effect exerted byquercetin, for the highest level of the tested
concentrations.

In order to see if the results are the same on other non-
adherent cell line, we evaluated the dose-dependent effects
of quercetin and EGCG on the membrane of Jurkat cells
(Figure 2). In the case of Jurkat cells, results show that the
two polyphenols induced the increase of the anisotropy, as
well. In order to exclude the effect induced by DMSO (as
quercetin was dissolved in this solvent), the effect induced by
20 pl of solvent on the membrane anisotropy was tested for
both types of cells. This solvent volume was equivalent to the
amount of DMSO used for the 100 M of quercetin solution
added to the cells. The solvent induced a 0.28-0.30% effect,
which can be considered negligible; therefore the increase in
the cell membrane rigidity (decrease in fluidity) was entirely
attributed to quercetin (dissolved in DMSO).

Effect of quercetin and EGCG on the transmembrane poten-
tial of U937 and Jurkat cells

The tested compounds induced the reduction of the fluo-
rescence emission intensity of DIBAC4(3) after membrane
permeation, so they hyperpolarized the membranes of U937
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Figure 2. Quercetin (Q) and EGCG effects on membrane ani-
sotropy of Jurkat cells, expressed as % increase reported to the
unstimulated cells. Q induces a 36.45-57.79% increase in the
anisotropy value, when used in concentrations up to 50 uM; at
higher levels of exposure, the anisotropy increase is very small.
The effect of EGCG is significantly lower (11.16% increase at 100
uM); significantly statistic results are marked with an asterisk.
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Figure 3. Hyperpolarizing effects induced by quercetin (Q)
and EGCG on U937 cell membrane, compared to the unstimu-
lated cells. Up to about 50 uM, the two polyphenols induce
a gradual hyperpolarizing effect. At higher levels of exposure,
Q induces a very important hyperpolarization (17.14%), while
EGCG resulted in only a gradual increase of transmembrane
potential (3.67%); significantly statistic results are marked with
an asterisk.

cells. The effects of both compounds were dose-dependent.
The quercetin effect was much stronger than that induced
by EGCG (Figure 3).

Experiments performed on the Jurkat cell line proved the
same hyperpolarizing effect exerted by the polyphenols. The
effect induced by EGCG in this case was stronger than the
one induced by quercetin, but the aspect of the hyperpolar-
izing curves was similar for the two cell lines (Figure 4).

Evaluation of the Jurkat membrane lipid peroxidation using
DPPP

For the Jurkat cell line, we tested the effect of the polyphenol
incubation on the peroxidation of the lipid membranes in-
duced with CuOOH. Incubation of the cells for 20 minutes
with quercetin and EGCG reduced the level of DPPP-peroxide
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Figure 4. Hyperpolarizing effects induced by quercetin (Q) and
EGCG on Jurkat cell membrane, compared to the unstimulated
cells. Concentration profiles of hyperpolarization of Jurkat cells for
both polyphenols are similar to those observed in U937 cells, with
the difference that the level of hyperpolarization is markedly dif-
ferent at low concentrations of polyphenols. EGCG is significantly
more efficient that Q; significantly statistic results are marked with
an asterisk.

generation (Figure 5). The increase of the stimuli concentra-
tion, from 10 uM to 100 uM, reduced significantly the DPPP
fluorescent signal, permitting us to believe that DPPP-peroxide
generation was inhibited. In order to evaluate whether, in the
case of quercetin, the antioxidant effect is due to the polyphe-
nol itself and not to its solvent (DMSO), we also prepared
a control sample where the cells were treated with the same
amount of solvent added with the highest tested quercetin
concentration of 100 uM. Results show that DMSO did not
change the redox status in the cell suspension.

Discussions

An understanding of the effects of flavonoids and iso-
flavonoids on biophysical properties of membranes may
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Figure 5. Effects of quercetin (Q) and EGCG on CuOOH-induced membrane peroxidation of Jurkat cells. DMSO has virtually no effect
on the membrane susceptibility to lipid peroxidation. Q and EGCG inhibit the peroxidation with about 14% (at t;) for 10 uM exposure

level, and with about 50% (at t;) for 100 uM concentrations.
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help to better understand their mechanism of action as
antioxidants. Other prototypic free radical scavenging
antioxidants have been shown to act as membrane stabiliz-
ers partly through a restriction of membrane fluidity. For
example, it has been demonstrated that the antioxidant
action of a-tocopherol is mediated through decreased
membrane fluidity, which is equivalent to the increase of
the membrane anisotropy (Kagan et al. 1990; Arora et al.
2000). On the other hand, some toxic effects of xenobiotics
or other factor (such as viruses) have been connected to
the increase of the membrane fluidity (Sergent et al. 2005,
2009; Mishra et al. 2009).

Results obtained in this study on constitutively proliferat-
ing cell lines - U937 monocytes and Jurkat T lymphoblasts
were not in agreement with previous results obtained by
us with freshly isolated mononuclear cells from peripheral
blood. Margina et al. (2010) showed that peripheral blood
mononuclear cells isolated from healthy subjects exhibit
a decrease of the anisotropy value, when exposed for 20
minutes to quercetin (1 uM) and EGCG (10 uM). The dif-
ferent effects of quercetin and EGCG, depending on the
cellular model might be explained considering that primary
mononuclear cells are heterogeneous in size (monocytes and
lymphocytes). Moreover, in our previous studies on mono-
nuclear cells, we used lower concentrations of quercetin and
thus it is difficult to compare results obtained on cell lines
and freshly isolated human cells.

In the present study we wanted to prove that the antioxi-
dant properties of the two tested polyphenols — quercetin
and EGCG - are linked to their stabilizing effect on the cell
membrane. In order to do so, we tested the outcome of the
short-time exposure of two suspension cell lines (Jurkat and
U937) to different concentrations of quercetin and EGCG,
in the range 10 pM to 100 uM. Data from the literature state
that polyphenol plasma physiological level is about 2-10 M,
levels of 20-100 uM being considered as supraphysiologi-
cal concentrations (Winterbone et al. 2009). Therefore the
concentration interval was chosen in order to cover both the
physiological and supraphysiological levels. We assayed the
results of the cell-flavonoid interaction in terms of membrane
anisotropy, transmembrane potential as well as CuOOH-
induced lipid peroxidation.

Our results performed on two cell lines (Jurkat and U937)
showed that quercetin and EGCG induced a concentration
dependent increase of the membrane anisotropy, and
therefore the decrease of the membrane fluidity (membrane
stiffening).

We used DiBACy(3) to evaluate the effect of the tested
compounds on the transmembrane potential; the decrease
of the bound to cell dye fluorescence indicated a hyperpo-
larization effect of the polyphenols on the cell membranes.
The effect is also dose-dependent for both U937 and Jurkat
cells.

In order to evaluate the outcome of the polyphenol-cell
membrane interaction in terms of redox status, we used
DPPP as a fluorescent probe. According to literature date,
hydroperoxides generated in cell membranes, lipoproteins,
serum, tissues or other type of biological sample can be di-
rectly detected using the fluorogenic reagent DPPP which
is essentially non-fluorescent until oxidized to a phosphine-
oxide by peroxides. Due to its solubility in lipids, DPPP
intercalates into the membrane leaflets and reacts with lipid
hydroperoxides, thus allowing the evaluation of peroxide
formation in the membranes of live cells (Kawai et al. 2007).
The lipid peroxidation of the membranes was induced with
CuOOH, which reacts more effectively with DPPP, compared
to other chemical systems.

Under oxidative stress condition induced with CuOOH,
the tested polyphenols induced a dose dependent (10-100
(M) decrease of DPPP fluorescence in the membranes of live
cells. Since quercetin and EGCG have a membrane stabiliz-
ing effect that is similar to that documented by literature for
a-tocopherol, this mechanism may partly account for their
antioxidant activities (van Aalst et al. 2004).

Results showed that, at concentrations higher than 50
1M, for both tested compounds and for both cell lines, the
effect on anisotropy and transmembrane potential reached
saturation. Cells were checked for viability after 20 minutes
incubation with quercetin and EGCG, using Trypan blue
as vital dye. We found that effect saturation was not due to
cell death. Lugli et al. (2009) state that 50 and 100 uM of
quercetin induced significant DNA degradation in U937
cells, only after significantly longer incubation time (24 h)
than that used in our model. Additionally, Ramos and
Aller (2008) showed that apoptosis is induced by 25 uM
of quercetin after 8 h of incubation and increases at longer
incubation times.

Taking into account the reduced effect proved using
Trypan blue and the short time of incubation of the tested
polyphenols with the cell lines, and also, considering lit-
erature data that report apoptosis induction after several
hours of incubation with the polyphenols, we considered
that cytotoxicity is not relevant for the overall conclusions,
in the setting of our experiments.

Saturation might be related to a critical maximal number
of polyphenol molecules which cell membranes can incor-
porate.

While for U937 cells both polyphenols (up to 100 uM)
induced similar increase of membrane anisotropy, in the
case of Jurkat cells the effects were significantly differ-
ent. Quercetin induced an almost 60% gradual increase
of r, when used in concentrations up to 50 uM, thereafter
the effect being limited. EGCG induced a lower effect
(maximum of 11.16% increase at 100 uM exposure). This
difference was probably due to the differences between the
membrane structures of the two cell lines, which strongly
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influence their interaction with the tested components.
We highlight that U937 cells are monocytic in origin and
are functionally designed for increased endocytosis when
compared to Jurkat lymphoblasts, and this might explain,
at least partially, the behavior differences between the two
cell lines.

Comparing the results obtained for the membrane ani-
sotropy to that one concerning the antioxidant potential of
the polyphenols, we can conclude that the increase of the
membrane anisotropy is correlated with the dose-depend-
ent increase of the antioxidant potential for the two tested
compounds.

At polyphenol concentrations up to about 50 M a similar,
gradual hyperpolarizing effect was induced by both tested
compounds. At higher concentrations of quercetin, hyper-
polarization increased dramatically (17.14%), while increas-
ing the concentration of EGCG has resulted in only a small
increase of transmembrane potential (3.67%).

Concentration profiles of hyperpolarization of Jurkat cells
for both polyphenols are similar to those observed in U937
cells, with the difference that the level of hyperpolarization
is markedly different at low concentrations of polyphenols;
the EGCG is significantly more efficient.

A significant increase of hyperpolarization, particularly
obvious for quercetin, occurred at concentrations above
50 uM, when the anisotropy reached a maximum level
(with the exception of 200 uM EGCG in U937 cells, Fig. 1
- asingle point). This fact indicated that the maximum
number of polyphenol molecules in cell membranes was
achieved, which is sufficient to significantly narrow pore
formation and outflow of small inorganic ions (like K*)
from the cells, resulting in a significant membrane hyper-
polarization.

Byinducing a greater degree of membrane “stiffening” and
hyperpolarization, the tested compounds could reduce the
mobility of free radicals in the lipid bilayer. The decreased
membrane fluidity could lead to the inhibition of lipid
peroxidation.
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