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Phenolic-extract from argan oih(gania spinosd..) inhibits human
low-density lipoprotein (LDL) oxidation and enhances cholesterol
efflux from human THP-1 macrophages
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Abstract

Argan oil is rich in unsaturated fatty acids, tocopherol and phenolic compounds. These protective molecules make further study of its
cardiovascular diseases (CVDs) action interesting. Furthermore, no previous study has explored the antioxidant activity of argan oil in
comparison with olive oil. The present study was conducted to evaluate the beneficial properties of Virgin argan oil phenolic extracts (VAO-PE)
towards CVD by: (A) protecting human (low-density lipoprotein, LDL) against lipid peroxidation and (B) promoting high-density lipoprotein
(HDL)-mediated cholesterol efflux. Human LDLs were oxidized by incubation with GuS&he presence of different concentrations of
VAO-PE (0-32Qug/ml). LDL lipid peroxidation was evaluated by conjugated diene and MDA formation as well as Vitamin E disappearance.
Incubation of LDL with VAO-PE significantly prolonged the lag-phase and lowered the progression rate of lipid peroxidat®01) and
reduced the disappearance of Vitamin E in a concentration-dependent manner. Incubation of HDL with VAO-PE significantly increased the
fluidity of the HDL phospholipidic bilaye®® = 0.0004) and HDL-mediated cholesterol efflux from THP-1 macrophages. These results suggest
that Virgin argan oil provides a source of dietary phenolic antioxidants, which prevent cardiovascular diseases by inhibiting LDL-oxidation
and enhancing reverse cholesterol transport. These properties increase the anti-atherogenic potential of HDL.
© 2005 Published by Elsevier Ireland Ltd.

Keywords: Antioxidants; Lipoproteins; Argan oil; Phenolic compounds; Reverse cholesterol transport

1. Introductions leads to the formation of foam cells, the hallmark of the artex
riosclerosis lesiofd]. 35
Coronary heart disease (CHD) is the main cause of mor-  Several clinical and epidemiological studies have demons
tality in the western world1]. Oxidation of low-density  strated an inverse association between high-density lipopre-
lipoproteins (LDLSs) is considered an early eventin the devel- teins (HDLs) and the risk of coronary heart dise@Se It s
opment of atherosclerosis, the underlying cause of coronaryhas been established that reverse cholesterol transport (RGT)
heart diseasg,3]. Oxidized LDLs are not recognized by the constitutes one of the main protective properties of HDLsw
LDL-receptor Apo (B/E), but are taken up by arterial-wall The first and most important step of RCT is to remove:
cells, especially by macrophages, in a non-regulated man-excess cholesterol from cells (cholesterol effl{&). Cell
ner through the “scavenger-receptor pathway”. This processcholesterol efflux could be explained by different mechas
nisms, including aqueous diffusion, lipid-free apolipoprotein.
mpondmg author at: Research Centre on Aging, 1036 Belvedere membrane microsolubilisation, SR-Bl-mediated cholestered
south, Sherbrooke, Que., Caﬁada J1H 4CA4. Tel.: +1 819 é29 7131, exchange and the recently er’PQSed role of th? A_BCA_/JE
fax: +1 819 829 71 41. gene[7]. All these steps are initiated by the binding of«~
E-mail addressabdelouahed.khalil@usherbrooke.ca (A. Khalil). HDL to cell membrane domains. Consequently the HDLs

0021-9150/$ — see front matter © 2005 Published by Elsevier Ireland Ltd.
doi:10.1016/j.atherosclerosis.2005.05.018
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phospholipidic bilayer fluidity plays a key role in RCT mech- 2.2. Subjects 100
anisms.

Dietary phenolic compounds, ubiquitousinvegetablesand  Sera were obtained from 12 healthy volunteers (aged
fruits and their juices possess antioxidant activity that may 20-25 years). They were all in general good health. Bload
have beneficial effects on human hed8h Recent epidemi-  pressure, glycemia and lipid profiles were within normais
ological studies have shown that diets rich in plant-derived ranges. The Ethics Committee of the Sherbrooke Geriatrie
foods, and in phenolic compounds, are associated with aUniversity Institute approved the study, and all subjects gawe

reduced incidence of cardiovascular mortdél, Consump- written informed consent. 106
tion of unsaturated fatty acids (mainly oleic and linoleic acid)
is associated with a reduced risk factors for cardiovascu- 2.3. Phyto-chemistry 107

lar mortality [10]. Phenolic compounds have been shown to

possess free radical-scavenging and metal-chelating activi- The phenolic compounds were extracted from argan ail
ties in addition to the reported anticarcinogenic properties according to the method of Pirisi et §20]. Briefly, argan oil 100
[11]. These plant-based, non-nutrient phytochemicals may was mixed witm-hexane and methanol/water and then stirrag
have a protective effect towards the susceptibility of LDL in a vortex apparatus and centrifuged. The hydro-alcoholie
to oxidative modification and ultimately, to atherosclerosis solution was washed witin-hexane and then lyophilized .2

[9]. Various in vitro studies using different methods of oxi- overnight. 113

dation have shown that phenolic compounds from red wine

[12], green ted13], and olive oil [14] can inhibit LDL 2.4. Biochemical study 114

oxidation and reduce risk factors for cardiovascular disease

(CVD). 2.4.1. LDL and HDL isolation 115
Argan oil obtained fromrgania spinosa.. seeds is eaten Lipoprotein isolation was performed according to thes

raw in southwest of Morocco and is also used in traditional method of Sattler et al21]. Briefly, human plasma was 1
medicine. Chemical analysis of this oil highlighted a glyc- collectedin EDTA (0.4 g/l). Isolation of lipoproteins was perns
eride fraction (99%) that is rich in polyunsaturated fatty formed as previously described by Khalil et[22]. Isolated 110
acids like oleic (47.7%) and linoleic acid (29.3%p]. Stud- lipoproteins were dialyzed overnight af@ with 1072M 1
ies with the unsaponifiable fraction revealed that argan oil (sodium phosphate buffer, pH 7). LDL and HDL were themn:
is rich in tocopherol (620 mg/kg versus 320 mg/kg in olive adjusted to a concentration of 100 and 2@Dprotein/ml, 12

oil and 400 mg/kg in sunflower oil), particularky and - respectively by dilution in the same buffer. Proteins weres
tocopherol[16,17] This fraction also contains other impor- measured by commercial assay (Biorad, Canada). 124
tant compounds such as squalene, sterols (Schottenol and

Spinasterol) and phenols (Ferulic, Syringic and Vanillicacid) 2.4.2. Copper-mediated LDL oxidation 125

[16]. These compounds make argan oil an important source Peroxidative treatment of lipoproteins was carried out as
of antioxidan{15], which certainly play an importantrolein  previously described using transition metal ions as oxidiz~
vivo. ing agentg22]. Briefly, lipoproteins [(LDL 10Qug/ml) or 1

We have previously reported thatingestion of argan oilhas (HDL 200u.g/ml)], were suspended in 10mM in sodiumas
an anti-hypertensive and anti-hypercholesterolemic effect phosphate buffer pH 7 and incubated with or without VAOro
[18,19] In this work, we report the beneficial effects of phe- PE (0—-32Qug/ml) for different times (0—8 h) at 3C in the  1a:
nolic extracts from Virgin argan oil (VAO-PE) in protecting presence of 1M cupric sulfate. Oxidation reactions weres:
human-LDL againstlipid peroxidation and enhancing reverse stopped by cooling in an ice bath after EDTA addition ands

cholesterol transport from human THP-1 macrophages. the resulting lipid peroxides were measured immediately. 134
2.4.3. Biochemical markers of lipid peroxidation 135

2. Materials and methods 2.4.3.1. Conjugated diene formatiohDL (100 pwg/ml) oxi- 136
dized alone or in the presence of various concentrations

2.1. Chemicals of VAO-PE (0-32Qug/ml), was continuously monitored atiss
234 nm to detect the formation of conjugated dienes as pre-

Acetic acid, sulfuric acid, sodium phosphate, thiobar- viously described23]. 140

bituric acid, n-butanol, methanol, ethanoh-isopropanol

and hexane were purchased from Fisher (Montreal, Que.).2.4.4. Thiobarbituric acid-reactive substances (TBARS) ia
1,1,3,3,-Tetraethoxypropane;a-tocopherol,y-tocopherol, formation 142
butylated hydroxytoluene (BHT), cupric sulfate (Cug§O TBARS, mainly malondialdehyde (MDA), were assayeds
ethylenediaminetetraacetic acid (EDTA) and lithium perchlo- by high-performance liquid chromatography (HPLC) as.
rate, DPH (1,6-diphenyl-1,3,5-hexatriene), were obtained described by Agarwal and Chaf#]. The column was a s
from Sigma (St. Louis, MO). Dialysis bags were purchased HP hypersil 5um ODS 100 mmx 4.6 mm with a Gum ODS 1
from Spectrum Medical Industries (Houston, TX). guard column and the mobile phase was a methanol-buffer
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(40:60, v/v). The fluorescence detector was set at an excita-Ci/mM; Sigma) for 48 h. The cells were then washed six times
tion wavelength of 515nm and an emission wavelength of with serum-free RPMI medium containing 1% BSA and themo
553 nm. Samples of LDL were treated with the antioxidant equilibrated overnight under these conditions. To measure the
(BHT) and heat derivatized at 10Q for 1 h with thiobar- effect of VAO-PE (32Qug/ml) on cholesterol efflux, cells 202
bituric acid at an acidic pH. Samples were extracted with were incubated for 24 h with 50g/ml of native-HDL or 20

n-butanol and 1@l volumes of the extract were injected.

2.4.5. Vitamin E 4 andy-tocopherol) measurement
LDL endogenous Vitamin E was assayedcasand -

tocopherol, at different oxidation times by reversed-phase-

HPLC, electrochemical detection and UV detection at
£292nm as previously describef22]. « and y-tocopherol
were assayed on a sephasil peptide columpg (Eum

ST 4.6/250) (Pharmacia Biotech, Piscataway, NJ), with
[methanol-ethanol-isopropanol 88:24:10, v/vlv, containing
lithium perchlorate (2@.M)] at a flow rate of 1 ml/min.

2.4.6. Electrophoresis of LDL

The electrophoresis mobility of LDL was used as an
indication of protein oxidation and was measured using
agarose gel (Titan gel lipoprotein electrophoretic system).
Electrophoresis was performed opPsamples in barbital
buffer at pH 8.6 on 0.6% agarose gels (Helena Lab., Mon-
treal, Que.) at a constant voltage (80V) for 45min, then
oven dried at 75C and stained with fat Red 7B, 0.1 in 95%
methanol.

2.4.7. Fluorescence anisotropy
Lipoprotein fluidity was measured using the fluorescent

probe DPH dissolved in tetrahydrofuran as described pre-

viously [25]. Briefly, lipoproteins were incubated overnight
with or without VAO-PE before adding DPH (iM) for
30min at 37C. Fluidity, represents the inverse values of
anisotropy and is expressed as: $teady-state fluorescence
anisotropyy was calculated asy(— Glp)/(lv — 2Glp) where

Iy and 1y are the parallel and perpendicular polarized flu-
orescence intensities ar@l is the monochromator grating
correction factor.

2.4.8. Kinetic profile parameters of LDL oxidation
The kinetic profile of lipid peroxidation is characterized

by three mathematical parameters: the lag preceding rapidof oxidation.

oxidation denoted théag phase the maximal rate of oxi-
dation /max) and the maximal accumulation of oxidation
products (O@Rax). These three parameters were determined
as previously described by Lichtenberg and Pinclag}.

2.4.9. Cell culture andyH]-free cholesterol efflux
measurements

THP-1 human was maintained in RPMI 1640 medium
containing 10% fetal bovine serum and 1% peni-
cillin/streptomycin at 37C, 5% CQ. THP-1 monocytes
were incubated at & 10° cells/mlin the presence of phorbol
myristate acetate (PMA) for 96 h to induce differentiation

oxidized-HDL (0, 4 and 8 h) with or without VAO-PE. At the 2.
end of the time course, cells were centrifuged (10,9@0 205
for 20 min) to remove the medium and then lysed. Aliquotss
(200pl) from the medium and cells were counted separately
using liquid scintillation counting. Cholesterol efflux (%) wasds
expressed as CPM in the efflux media divided by total CPb#
(media plus cell) and multiplied by 100%.

210

2.5. Statistical analysis 21

Values are expressed as the mg#®.E.M. One-way 2
analysis of variance (ANOVA) was used for multipless
comparisons. Linear regression analysis was used to assess
the association between two continuous variables. Statistigal
analyses were performed using Prism 2.0 version softwargs

3. Results 217
The oxidation of lipoprotein is characterized by threeas
phases: an initialag phasefollowed by propagationand
terminal phasesThe generation of CD and TBARS duringz
copper-initiated LDL oxidation is shown Fig. 1A and B. In
control LDL, a significant increase in CD and MDA equiv-z
alent £<0.001) was observed from O to 8h, this increase
was maximal following 8 h of oxidation. When the LDLSz«
were oxidized in the presence of increased concentrations-6f
VAO-PE, CD and MDA formation was significantly inhibitedzzs
in a dose dependant manner. In fact, the addition of VAO-RE
at concentrations ranging from 40 to 320/ml increased 2s
the lag phasebefore conjugated diene formation in a doses
dependent mannen¥=0.9469, P<0.001; linear regres- 2o
sion, Fig. 1C) and MDA generationrf =0.9791, results not 2
shown). At 32Qug/ml, VAO-PE significantly inhibits CD and 2z
MDA formation by (88.21 and 98.7%, respectively) after 2 ks
of oxidation, and by (80.14 and 92.9%, respectively) after 4h

219

221

235
Fig. 1D and E show that VAO-PE significantly reducesss
both the maximal rate of oxidatiolVfax) and the maximal 2
accumulation of oxidation products (GR) [r2=0.6056 and 2
r2=0.847:P<0.001; respectively, linear regression].
To gain more insight into the effect of VAO-PE on LDL 24w
oxidation, we measured its effect on the rate of disappearance
of Vitamin E (o andvy-tocopherol). Oxidation of LDL alone 2.
resulted in a significant increase in theand~y-tocopherol 2z
disappearance ratdsi). 2A and B), whereas in the presences
of increased concentrations of VAO-PE the depletionxof 24
andry-tocopherol is significantly reduced.
To investigate the protection of VAO-PE towards elecs

239

246

into macrophages. THP-1 macrophages cells were labeledronegative charge modification of LDL-protein moiety (ape:s

with [1a, 2(n)- 3H] cholesterol (specific radioactivity 42

B) induced by oxidation was carried out on LDL oxidizedss

ATH 9057 1-8
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Fig. 1. Kinetics of conjugated diene formation (A), MDA production (Bj phas€C), maximal rate of oxidation\(max) (D) and the maximal accumulation of
oxidation products (ORax) (E); upon incubation of human LDL (1Q0g/ml) with 10,.M CuSQy in the presence of increasing concentrations (0-43f26nl)
of VAO-PE. Results are expressed as meeghE.M. of a minimum of three independent experiments.

with or without VAO-PE.Fig. 3 shows the electrophoretic  PE (320ug/ml) [control-HDL: 0.2074 0.005 versus VAO- 2
mobility of LDL apo B oxidized alone or in the presence PE-HDL: 0.12%+0.01, n=4 (P<0.001); control-LDL: 2
of VAO-PE. Oxidation of LDL greatly increased its elec- 0.248+0.003 versus VAO-PE-LDL: 0.21F#0.002,n=5 2
trophoretic mobility, mainly attimes greaterthan 2 h of oxida- (P <0.01)]. This decrease indicates that the lipid-bilayer fluss
tion. This increase in mobility was abolished in the presence idity of HDL and LDL increased in the presence of VAO-PEs:
of 320g/ml VAO-PE (Fig. 3andTable J). (Fig. 4A and B, respectively). 268

To further understand the mechanism of the pheno- HDL lipid-bilayer fluidity is an excellent marker for 2o
lic compounds from VAO, we also investigated their role HDL-mediated cholesterol effluj27]. Therefore, the effect 2
on membrane stabilization. The change in the relative of VAO-PE on HDL to promote cholesterol efflux wasn
lipid-bilayer fluidity of LDL and HDL as a function of investigated. Following 3H] cholesterol preloading of z
VAO-PE concentrated was studied. Values of lipoprotein THP-1 macrophages, native-HDL pre-incubated with VAQ~:
fluorescence anisotropyr)( significantly decreased when PE increased cholesterol efflux from THP-1 macrophages
HDL and LDL were incubated overnight with VAO- (P=0.0245Fig.5A). Copper-induced oxidation of HDL sig- 27s

ATH 9057 1-8
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s
=
=~ 10
9
(4]
5 —=- Control
§ —&- VAO-PE (40 pg/ml)
= —¥ VAO-PE (80 pg/ml)
2 » —e- VAO-PE (160 pg/ml)
’ —0- VAO-PE (320 ug/ml)
0.0 ‘ T .
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(A) Time (Hours)
0.5
0.4
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o
w

—=—Control
—a—VAO-PE (40 pg/ml)
——VAO-PE (80 pg/ml)
—e—VAO-PE (160 pg/ml)
—0—VAO-PE (320 ug/ml)

0.2 1
0.1 1
0.0 »
0 1 2 3 4
(B) Time (Hours)

Fig. 2. Effect of increasing concentrations of VAO-PE (0—320ml) on
endogenousx-tocopherol (A) andy-tocopherol (B) disappearance dur-
ing LDL oxidation. Oxidation was induced by incubation of human LDL
(100p.g/ml) with copper (1GuM). Results present meanS.E.M. of a min-

imum of three independent experiments.

(A) (B)
e .
s o ™
0 1 2 8 0 1 2 8 hours
- .
L T - k3 . AN

Fig. 3. Electrophoretic mobility of LDL on agarose gels. Samples were elec-
trophorezed for 45 min at 80V and then stained with Titan gel lipoprotein
stain (Fat red 7B). Lanes are identified as: (&£)L-control, incubated with
copper (1QwM) for 0, 1, 2 and 8 h. (BLDL-treated incubated with cop-
per (10n.M) in the presence of 320g/ml of VAO-PE. Experiments were
repeated three times and the gel shown is typical of the results obtained.

Table 1
Oxidative modification of LDL as determined by their electrophoretic
mobility

Oxidation Control With VAO-PE Statistical
time (h) (320p.g/ml) analysis
0 0.5+ 0.012 0.5+ 0.009 ns

1 0.524+ 0.012 0.5+ 0.009 ns

2 1.234 0.015 0.61+ 0.015 P<0.001
8 1.79+ 0.02 1.24+ 0.006 P<0.001

Data are expressed as relative electrophoretic mobility of each band at
increasing oxidation time in the absence or presence of VAO-PE«g24al).
Results are represented as the me&hE.M. of three independent experi-
ments.

nificantly reduces its capacity to recuperatd]ifree choles- 27
terol from THP-1 macrophages. This decrease was abolished
when HDL oxidation was carried out in the presence ofs
320u.g/ml of VAO-PE (Fig. 5B). 279

0.25 4

0.20 4

0.154

0.10 1

Fluorescence anisothropy

0.05 1

0.00 St
Control Treated
(A) HDL

0.3 5

0.2

0.1 4

Fluorescence anisothropy

0.0
Control Treated

(B) LDL

Fig. 4. Fluorescence anisotropsj of HDL (A) and LDL (B) incubated
(treated) or not (control) in the presence of VAO-PE (320ml) overnight.
Results represent meanS.E.M. of a minimum of three independent exper-
iments."P<0.05,” P<0.01.

ATH 9057 1-8



280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

DTD 5

H. Berrougui et al. / Atherosclerosis xxx (2005) XXX—XXX

6

50

404 *
x
=
i 304
8
J5
= 20
£
o
u\° 104
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304
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é 204 & b
© e
5 —
(] —
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Fig. 5. PH]-free cholesterol efflux from human THP-1 macrophages incu-
bated for 24 h with 5@ug/ml of: (A) native HDL pre-incubated (treated)
or not (control) overnight with VAO-PE (320g/ml). (B) copper-oxidized
HDL (0, 4 and 8h) in the presence (treated) or not (control) of VAO-PE
320pg/ml. Results present mednS.E.M. of a minimum of three indepen-
dent experiments: * #¥P<0.05,™ **#P<0.01."Control: 4, 8h vs. Oh;

E==1 Control OH
==a Control 4H
=8 Control 8H

it EE Treated OH
M == Treated 4H

OII0 Treated 8H

*treated: 4, 8 h vs. 0 ficontrol vs. treated.

4. Discussion

as a reactive oxygen species scavenger in aqueous Comgo-
nents such as plasma and interstitial fluid of the arterial wadl;
thereby inhibiting LDL oxidatiorj32]. 303
Argan oil contains a high amount of Vitamin E but also &
non-negligible proportion of phenolic compounds. We have
previously demonstrated that chronic ingestion of crude argan
oil not only reduces plasma cholesterol and LDL levels in rais
fed with hypercholesterolemic di¢t8], but also improve s
endothelial function and prevents high blood presgigd. s
These effects are principally related to the richness of argan
oil in oleic and linoleic acids and andvy-tocopherol. How- a1
ever, the antioxidant activity of phenolic compounds remains
unknown. Our experiments were designed to examine the
antioxidant activity of VAO-PE in inhibiting LDL oxidation s
and their effect on HDL in removing excess cholesterol froms
macrophage cells. a1
Our results show that VAO-PE is very efficient in the prosz
tection of LDL against lipid peroxidation as demonstrated by
the decrease in conjugated diene and MDA formation. This
protective effect can occur via several mechanisms, either
via: (A) the scavenging of peroxy radicals, which break the
peroxidation chain reaction, (B) chelating free?€to form =2
redox-inactive complexes and thus reducing metal-catalyzed
oxidation of LDL, (C) inhibiting the binding of copper ionssz
to apolipoproteins and subsequently preventing the modifica-
tion of amino acid-apo-B protein residue. These hypothesgs
are also supported by the extendad phasethe reduction =
in the oxidation rate of thpropagation phasand the max- s
imal accumulation of oxidation products, in the presence af
VAO-PE. 330
VAO-PE decreases the rate of disappearanee ahdy-  sa
tocopherol and preserves endogenous Vitamin Ein LDL. The
same mechanism of action was shown for ascorbate, a water-
soluble vitamin, which preserves tocopherols gachrotene sss
in LDL [33] 335
The antioxidant activity of polyphenolics is principallyss

Human and animal studies strongly supportthe hypothesisdefined by the presence of orthodihydroxy substituents,
that oxidative modification of LDL plays a crucial role in the  which stabilize radicals and chelate metals. The antioxidamt
pathogenesis of atherosclerosis. High levels of oxidized LDL effect of phenolic acids and their esters depends on the nuga-
are found in various acute coronary syndromes, indicating ber of hydroxyl groups in the molecule. Argan oil, with comaso

that oxidized LDL might be a marker for atheroscler¢2gj.

parison to olive oil, contains a higher quantity of ferulic acig:

Epidemiological studies have shown that consumption of (3470413 versus 5% 2 pg/kg of oil, respectively)[16].
food and beverages rich in phenols can reduce the risk of Thisacidis more effective than ascorbic acid and other phena-
heart disease by slowing the progression of atherosclero-lic acid such ag-coumaric acid, since the electron-donating.

sis principally by protecting LDL from oxidatiof29]. The

methoxy group allows increased stabilization of the resulting

Mediterranean diet, with its high olive oil content, has been aryloxyl radical through electron delocalization after hydross
associated with a lower overall mortality and CHD mortal- gen donation by the hydroxyl grodp4]. This showed that s
ity [30]. It has been reported that the antioxidant power of the direct inhibition of trans-conjugated diene hydroperoxs
proantocyanidins is 20 times greater than Vitamin E and 50 ide isomer formation is related to the H-donating ability of.

times greater than Vitamin [31]. In fact, even if the content
of Vitamin E in sunflower oil is higher than in olive oil, this

the phenol[35]. Argan oil, but not olive or sunflower oil, sso
also contains another important phenolic acid: syringic acid

amount of Vitamin E is not enough to protect LDL against (684 4 wg/kg). This antioxidant compound protects against
oxidation[17]. This suggests that other minority constituents LDL-oxidation [36]. Fito et al.[37] demonstrated that phe-as:
in vegetable oils (including phenols) can play an impor- nolic compounds from olive oil could associate with LDLss.
tant role in the protection against oxidation. These phenolic and inhibit LDL oxidation. This association can protect LDLsss
compounds might exert their antioxidant effects by acting preparation. In fact, Castelluccio et @8] have reported that sse
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after LDL incubation with ferulic acid, 14% of the ferulicacid the membrane, thus inducing modification of the lipid bilayers
is incorporated into LDL and 86% stays in the LDL-aqueous and lipid—protein interactions.
phase, making a strong association between phenolic com- In conclusion, VAO-PE protects LDL from oxidation byais
pounds and the protein-fraction of LDL. a direct or indirect antioxidant activity. VAO-PE increasess
LDL oxidation is characterized by alterations in the struc- cholesterol efflux by increasing HDL lipid-bilayer fluidity. «i7
tural and biological properties of lipids and apoprotein B However, further studies are needed to clarify the exact actian
(apoB). This alteration starts with fragmentation of the pro- of VAO-PE on lipoprotein oxidation and reverse cholesterak
tein, which contains sensitive amino-acids residues, and istransport. These results support the use of argan oil asa
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followed by cross-linking of reactive aldehydes (MDA) and dietary supplement.

oxysterols (end products of the lipid peroxidati¢d®]. We
explored the inhibitory effect of VAO-PE on the copper-

induced alteration of apoB. Our results show that VAO-PE Acknowledgements

abolishes the CGii-induced electrophoretic shift in LDL,
indicating that there was a protection from oxidative mod-
ification of LDL. As mentioned above, VAO-PE inhibits the
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against alteration. Moreover, VAO-PE can also act by either
blocking the copper-binding site or by binding to another
(allosteric) site and thus reducing the binding of copper. Alter-
natively, VAO-PE may interfere with the redox activity of
copper ions on the surface of the lipoprotein and exert simi-
lar effects to those obtained by blocking the copper-binding
site.

Oxygen free radicals induce lipid peroxidation and disrupt
important structural and protective functions associated with
bio-membranes. This oxidation is implicated in various in
vivo pathological event10]. Lipoprotein can be protected
against oxidation by reducing fatty acid oxidation and stabi-
lizing the lipid bilayer. Our results show that incubation of
LDL and HDL with VAO-PE increases the fluidity in the LDL
and HDL phospholipidic bilayer. This result suggests that the
protective effect of VAO-PE towards LDL peroxidation could
be due in part to a membrane-stabilizing activity. Indeed, a
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