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Phenolic-extract from argan oil (Argania spinosaL.) inhibits human
low-density lipoprotein (LDL) oxidation and enhances cholesterol

efflux from human THP-1 macrophages
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9

Abstract10

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
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omparison with olive oil. The present study was conducted to evaluate the beneficial properties of Virgin argan oil phenolic extracts
owards CVD by: (A) protecting human (low-density lipoprotein, LDL) against lipid peroxidation and (B) promoting high-density lipo
HDL)-mediated cholesterol efflux. Human LDLs were oxidized by incubation with CuSO4 in the presence of different concentrations
AO-PE (0–320�g/ml). LDL lipid peroxidation was evaluated by conjugated diene and MDA formation as well as Vitamin E disappe
ncubation of LDL with VAO-PE significantly prolonged the lag-phase and lowered the progression rate of lipid peroxidation (P< 0.01) and
educed the disappearance of Vitamin E in a concentration-dependent manner. Incubation of HDL with VAO-PE significantly incr
uidity of the HDL phospholipidic bilayer (P= 0.0004) and HDL-mediated cholesterol efflux from THP-1 macrophages. These results
hat Virgin argan oil provides a source of dietary phenolic antioxidants, which prevent cardiovascular diseases by inhibiting LDL-
nd enhancing reverse cholesterol transport. These properties increase the anti-atherogenic potential of HDL.
2005 Published by Elsevier Ireland Ltd.

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

. Introductions

Coronary heart disease (CHD) is the main cause of mor-
ality in the western world[1]. Oxidation of low-density
ipoproteins (LDLs) is considered an early event in the devel-
pment of atherosclerosis, the underlying cause of coronary
eart disease[2,3]. Oxidized LDLs are not recognized by the
DL-receptor Apo (B/E), but are taken up by arterial-wall
ells, especially by macrophages, in a non-regulated man-
er through the “scavenger-receptor pathway”. This process

∗ Corresponding author at: Research Centre on Aging, 1036 Belvedere
outh, Sherbrooke, Que., Canada J1H 4C4. Tel.: +1 819 829 71 31;
ax: +1 819 829 71 41.
E-mail address:abdelouahed.khalil@usherbrooke.ca (A. Khalil).

leads to the formation of foam cells, the hallmark of the a
riosclerosis lesion[4].

Several clinical and epidemiological studies have dem
strated an inverse association between high-density lip
teins (HDLs) and the risk of coronary heart disease[5]. It
has been established that reverse cholesterol transport
constitutes one of the main protective properties of H
The first and most important step of RCT is to rem
excess cholesterol from cells (cholesterol efflux)[6]. Cell
cholesterol efflux could be explained by different mec
nisms, including aqueous diffusion, lipid-free apolipopro
membrane microsolubilisation, SR-BI-mediated choles
exchange and the recently proposed role of the ABC
gene [7]. All these steps are initiated by the binding
HDL to cell membrane domains. Consequently the H

021-9150/$ – see front matter © 2005 Published by Elsevier Ireland Ltd.
oi:10.1016/j.atherosclerosis.2005.05.018
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phospholipidic bilayer fluidity plays a key role in RCT mech-49

anisms.50

Dietary phenolic compounds, ubiquitous in vegetables and51

fruits and their juices possess antioxidant activity that may52

have beneficial effects on human health[8]. Recent epidemi-53

ological studies have shown that diets rich in plant-derived54

foods, and in phenolic compounds, are associated with a55

reduced incidence of cardiovascular mortality[9]. Consump-56

tion of unsaturated fatty acids (mainly oleic and linoleic acid)57

is associated with a reduced risk factors for cardiovascu-58

lar mortality [10]. Phenolic compounds have been shown to59

possess free radical-scavenging and metal-chelating activi-60

ties in addition to the reported anticarcinogenic properties61

[11]. These plant-based, non-nutrient phytochemicals may62

have a protective effect towards the susceptibility of LDL63

to oxidative modification and ultimately, to atherosclerosis64

[9]. Various in vitro studies using different methods of oxi-65

dation have shown that phenolic compounds from red wine66

[12], green tea[13], and olive oil [14] can inhibit LDL67

oxidation and reduce risk factors for cardiovascular disease68

(CVD).69

Argan oil obtained fromArgania spinosaL. seeds is eaten70

raw in southwest of Morocco and is also used in traditional71

medicine. Chemical analysis of this oil highlighted a glyc-72

eride fraction (99%) that is rich in polyunsaturated fatty73

acids like oleic (47.7%) and linoleic acid (29.3%)[15]. Stud-74
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2.2. Subjects 100

Sera were obtained from 12 healthy volunteers (aged101

20–25 years). They were all in general good health. Blood102

pressure, glycemia and lipid profiles were within normal103

ranges. The Ethics Committee of the Sherbrooke Geriatric104

University Institute approved the study, and all subjects gave105

written informed consent. 106

2.3. Phyto-chemistry 107

The phenolic compounds were extracted from argan oil108

according to the method of Pirisi et al.[20]. Briefly, argan oil 109

was mixed withn-hexane and methanol/water and then stirred110

in a vortex apparatus and centrifuged. The hydro-alcoholic111

solution was washed withn-hexane and then lyophilized 112

overnight. 113

2.4. Biochemical study 114

2.4.1. LDL and HDL isolation 115

Lipoprotein isolation was performed according to the116

method of Sattler et al.[21]. Briefly, human plasma was 117

collected in EDTA (0.4 g/l). Isolation of lipoproteins was per-118

formed as previously described by Khalil et al.[22]. Isolated 119

lipoproteins were dialyzed overnight at 4◦C with 10−2 M 120
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es with the unsaponifiable fraction revealed that arga
s rich in tocopherol (620 mg/kg versus 320 mg/kg in o
il and 400 mg/kg in sunflower oil), particularly� and �-

ocopherol[16,17]. This fraction also contains other imp
ant compounds such as squalene, sterols (Schotteno
pinasterol) and phenols (Ferulic, Syringic and Vanillic a

16]. These compounds make argan oil an important so
f antioxidant[15], which certainly play an important role
ivo.

We have previously reported that ingestion of argan oi
n anti-hypertensive and anti-hypercholesterolemic e

18,19]. In this work, we report the beneficial effects of p
olic extracts from Virgin argan oil (VAO-PE) in protecti
uman-LDL against lipid peroxidation and enhancing rev
holesterol transport from human THP-1 macrophages

. Materials and methods

.1. Chemicals

Acetic acid, sulfuric acid, sodium phosphate, thiob
ituric acid, n-butanol, methanol, ethanol,n-isopropano
nd hexane were purchased from Fisher (Montreal, Q
,1,3,3,-Tetraethoxypropane,d-�-tocopherol,�-tocopherol
utylated hydroxytoluene (BHT), cupric sulfate (CuSO4),
thylenediaminetetraacetic acid (EDTA) and lithium perc
ate, DPH (1,6-diphenyl-1,3,5-hexatriene), were obta
rom Sigma (St. Louis, MO). Dialysis bags were purcha
rom Spectrum Medical Industries (Houston, TX).
 P
R

O
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sodium phosphate buffer, pH 7). LDL and HDL were t
djusted to a concentration of 100 and 200�g protein/ml
espectively by dilution in the same buffer. Proteins w
easured by commercial assay (Biorad, Canada).

.4.2. Copper-mediated LDL oxidation
Peroxidative treatment of lipoproteins was carried ou

reviously described using transition metal ions as ox
ng agents[22]. Briefly, lipoproteins [(LDL 100�g/ml) or
HDL 200�g/ml)], were suspended in 10 mM in sodiu
hosphate buffer pH 7 and incubated with or without VA
E (0–320�g/ml) for different times (0–8 h) at 37◦C in the
resence of 10�M cupric sulfate. Oxidation reactions we
topped by cooling in an ice bath after EDTA addition
he resulting lipid peroxides were measured immediatel

.4.3. Biochemical markers of lipid peroxidation

.4.3.1. Conjugateddiene formation.LDL (100�g/ml) oxi-
ized alone or in the presence of various concentra
f VAO-PE (0–320�g/ml), was continuously monitored
34 nm to detect the formation of conjugated dienes as
iously described[23].

.4.4. Thiobarbituric acid-reactive substances (TBARS
ormation

TBARS, mainly malondialdehyde (MDA), were assa
y high-performance liquid chromatography (HPLC)
escribed by Agarwal and Chase[24]. The column was
P hypersil 5�m ODS 100 mm× 4.6 mm with a 5�m ODS
uard column and the mobile phase was a methanol-b
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(40:60, v/v). The fluorescence detector was set at an excita-148

tion wavelength of 515 nm and an emission wavelength of149

553 nm. Samples of LDL were treated with the antioxidant150

(BHT) and heat derivatized at 100◦C for 1 h with thiobar-151

bituric acid at an acidic pH. Samples were extracted with152

n-butanol and 10�l volumes of the extract were injected.153

2.4.5. Vitamin E (α andγ-tocopherol) measurement154

LDL endogenous Vitamin E was assayed as� and �-155

tocopherol, at different oxidation times by reversed-phase-156

HPLC, electrochemical detection and UV detection at157

ε292 nm as previously described[22]. � and �-tocopherol158

were assayed on a sephasil peptide column (C18 5�m159

ST 4.6/250) (Pharmacia Biotech, Piscataway, NJ), with160

[methanol–ethanol–isopropanol 88:24:10, v/v/v, containing161

lithium perchlorate (20�M)] at a flow rate of 1 ml/min.162

2.4.6. Electrophoresis of LDL163

The electrophoresis mobility of LDL was used as an164

indication of protein oxidation and was measured using165

agarose gel (Titan gel lipoprotein electrophoretic system).166

Electrophoresis was performed on 2�l samples in barbital167

buffer at pH 8.6 on 0.6% agarose gels (Helena Lab., Mon-168

treal, Que.) at a constant voltage (80 V) for 45 min, then169

oven dried at 75◦C and stained with fat Red 7B, 0.1 in 95%170

methanol.171
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Ci/mM; Sigma) for 48 h. The cells were then washed six times199

with serum-free RPMI medium containing 1% BSA and then200

equilibrated overnight under these conditions. To measure the201

effect of VAO-PE (320�g/ml) on cholesterol efflux, cells 202

were incubated for 24 h with 50�g/ml of native-HDL or 203

oxidized-HDL (0, 4 and 8 h) with or without VAO-PE. At the 204

end of the time course, cells were centrifuged (10,000×g 205

for 20 min) to remove the medium and then lysed. Aliquots206

(100�l) from the medium and cells were counted separately207

using liquid scintillation counting. Cholesterol efflux (%) was208

expressed as CPM in the efflux media divided by total CPM209

(media plus cell) and multiplied by 100%. 210

2.5. Statistical analysis 211

Values are expressed as the mean± S.E.M. One-way 212

analysis of variance (ANOVA) was used for multiple213

comparisons. Linear regression analysis was used to assess214

the association between two continuous variables. Statistical215

analyses were performed using Prism 2.0 version software.216

3. Results 217

The oxidation of lipoprotein is characterized by three218

phases: an initiallag phasefollowed by propagationand 219
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.4.7. Fluorescence anisotropy
Lipoprotein fluidity was measured using the fluoresc

robe DPH dissolved in tetrahydrofuran as described
iously [25]. Briefly, lipoproteins were incubated overnig
ith or without VAO-PE before adding DPH (1�M) for
0 min at 37◦C. Fluidity, represents the inverse values
nisotropy and is expressed as: 1/r: steady-state fluorescen
nisotropy;r was calculated as (Iv − GIp)/(Iv − 2GIp) where

v and Ip are the parallel and perpendicular polarized
rescence intensities andG is the monochromator gratin
orrection factor.

.4.8. Kinetic profile parameters of LDL oxidation
The kinetic profile of lipid peroxidation is characteriz

y three mathematical parameters: the lag preceding
xidation denoted thelag phase, the maximal rate of ox
ation (Vmax) and the maximal accumulation of oxidati
roducts (ODmax). These three parameters were determ
s previously described by Lichtenberg and Pinchuk[26].

.4.9. Cell culture and [3H]-free cholesterol efflux
easurements
THP-1 human was maintained in RPMI 1640 med

ontaining 10% fetal bovine serum and 1% pe
illin/streptomycin at 37◦C, 5% CO2. THP-1 monocyte
ere incubated at 1× 106 cells/ml in the presence of phorb
yristate acetate (PMA) for 96 h to induce differentiat

nto macrophages. THP-1 macrophages cells were la
ith [1α, 2α(n)- 3H] cholesterol (specific radioactivity 4
 P
R

O
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erminal phases. The generation of CD and TBARS duri
opper-initiated LDL oxidation is shown inFig. 1A and B. In
ontrol LDL, a significant increase in CD and MDA equ
lent (P< 0.001) was observed from 0 to 8 h, this incre
as maximal following 8 h of oxidation. When the LD
ere oxidized in the presence of increased concentratio
AO-PE, CD and MDA formation was significantly inhibit

n a dose dependant manner. In fact, the addition of VAO
t concentrations ranging from 40 to 320�g/ml increase

he lag phasebefore conjugated diene formation in a d
ependent manner (r2 = 0.9469,P< 0.001; linear regres
ion,Fig. 1C) and MDA generation (r2 = 0.9791, results no
hown). At 320�g/ml, VAO-PE significantly inhibits CD an
DA formation by (88.21 and 98.7%, respectively) after
f oxidation, and by (80.14 and 92.9%, respectively) afte
f oxidation.

Fig. 1D and E show that VAO-PE significantly reduc
oth the maximal rate of oxidation (Vmax) and the maxima
ccumulation of oxidation products (ODmax) [r2 = 0.6056 and
2 = 0.847;P< 0.001; respectively, linear regression].

To gain more insight into the effect of VAO-PE on LD
xidation, we measured its effect on the rate of disappea
f Vitamin E (� and�-tocopherol). Oxidation of LDL alon
esulted in a significant increase in the�- and�-tocophero
isappearance rates (Fig. 2A and B), whereas in the presen
f increased concentrations of VAO-PE the depletion�
nd�-tocopherol is significantly reduced.

To investigate the protection of VAO-PE towards e
ronegative charge modification of LDL-protein moiety (a
) induced by oxidation was carried out on LDL oxidiz
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Fig. 1. Kinetics of conjugated diene formation (A), MDA production (B),lag phase(C), maximal rate of oxidation (Vmax) (D) and the maximal accumulation of
oxidation products (ODmax) (E); upon incubation of human LDL (100�g/ml) with 10�M CuSO4 in the presence of increasing concentrations (0–320�g/ml)
of VAO-PE. Results are expressed as mean± S.E.M. of a minimum of three independent experiments.

with or without VAO-PE.Fig. 3 shows the electrophoretic250

mobility of LDL apo B oxidized alone or in the presence251

of VAO-PE. Oxidation of LDL greatly increased its elec-252

trophoretic mobility, mainly at times greater than 2 h of oxida-253

tion. This increase in mobility was abolished in the presence254

of 320�g/ml VAO-PE (Fig. 3andTable 1).255

To further understand the mechanism of the pheno-256

lic compounds from VAO, we also investigated their role257

on membrane stabilization. The change in the relative258

lipid-bilayer fluidity of LDL and HDL as a function of259

VAO-PE concentrated was studied. Values of lipoprotein260

fluorescence anisotropy (r) significantly decreased when261

HDL and LDL were incubated overnight with VAO-262

PE (320�g/ml) [control-HDL: 0.207± 0.005 versus VAO- 263

PE-HDL: 0.129± 0.01, n= 4 (P< 0.001); control-LDL: 264

0.248± 0.003 versus VAO-PE-LDL: 0.217± 0.002, n= 5 265

(P< 0.01)]. This decrease indicates that the lipid-bilayer flu-266

idity of HDL and LDL increased in the presence of VAO-PE267

(Fig. 4A and B, respectively). 268

HDL lipid-bilayer fluidity is an excellent marker for 269

HDL-mediated cholesterol efflux[27]. Therefore, the effect 270

of VAO-PE on HDL to promote cholesterol efflux was271

investigated. Following [3H] cholesterol preloading of 272

THP-1 macrophages, native-HDL pre-incubated with VAO-273

PE increased cholesterol efflux from THP-1 macrophages274

(P= 0.0245,Fig. 5A). Copper-induced oxidation of HDL sig- 275
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Fig. 2. Effect of increasing concentrations of VAO-PE (0–320�g/ml) on
endogenous�-tocopherol (A) and�-tocopherol (B) disappearance dur-
ing LDL oxidation. Oxidation was induced by incubation of human LDL
(100�g/ml) with copper (10�M). Results present mean± S.E.M. of a min-
imum of three independent experiments.

Fig. 3. Electrophoretic mobility of LDL on agarose gels. Samples were elec-
trophorezed for 45 min at 80 V and then stained with Titan gel lipoprotein
stain (Fat red 7B). Lanes are identified as: (A)LDL-control, incubated with
copper (10�M) for 0, 1, 2 and 8 h. (B)LDL-treated, incubated with cop-
per (10�M) in the presence of 320�g/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
time (h)

Control With VAO-PE
(320�g/ml)

Statistical
analysis

0 0.5± 0.012 0.5± 0.009 ns
1 0.52± 0.012 0.5± 0.009 ns
2 1.23± 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 (320�g/ml).
Results are represented as the mean± S.E.M. of three independent experi-
ments.

nificantly reduces its capacity to recuperate [3H]-free choles- 276

terol from THP-1 macrophages. This decrease was abolished277

when HDL oxidation was carried out in the presence of278

320�g/ml of VAO-PE (Fig. 5B). 279

F
(
R
i
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ig. 4. Fluorescence anisotropy [r] of HDL (A) and LDL (B) incubated
treated) or not (control) in the presence of VAO-PE (320�g/ml) overnight.
esults represent mean± S.E.M. of a minimum of three independent exper-

ments.*P< 0.05,** P< 0.01.
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Fig. 5. [3H]-free cholesterol efflux from human THP-1 macrophages incu-
bated for 24 h with 50�g/ml of: (A) native HDL pre-incubated (treated)
or not (control) overnight with VAO-PE (320�g/ml). (B) copper-oxidized
HDL (0, 4 and 8 h) in the presence (treated) or not (control) of VAO-PE
320�g/ml. Results present mean± S.E.M. of a minimum of three indepen-
dent experiments.*, •, #P< 0.05, **, ••, ##P< 0.01. * Control: 4, 8 h vs. 0 h;
•treated: 4, 8 h vs. 0 h,#control vs. treated.

4. Discussion280

Human and animal studies strongly support the hypothesis281

that oxidative modification of LDL plays a crucial role in the282

pathogenesis of atherosclerosis. High levels of oxidized LDL283

are found in various acute coronary syndromes, indicating284

that oxidized LDL might be a marker for atherosclerosis[28].285

Epidemiological studies have shown that consumption of286

food and beverages rich in phenols can reduce the risk of287

heart disease by slowing the progression of atherosclero-288

sis principally by protecting LDL from oxidation[29]. The289

Mediterranean diet, with its high olive oil content, has been290

associated with a lower overall mortality and CHD mortal-291

ity [30]. It has been reported that the antioxidant power of292

proantocyanidins is 20 times greater than Vitamin E and 50293

times greater than Vitamin C[31]. In fact, even if the content294

of Vitamin E in sunflower oil is higher than in olive oil, this295

amount of Vitamin E is not enough to protect LDL against296

oxidation[17]. This suggests that other minority constituents297

in vegetable oils (including phenols) can play an impor-298

tant role in the protection against oxidation. These phenolic299

compounds might exert their antioxidant effects by acting300

as a reactive oxygen species scavenger in aqueous compo-301

nents such as plasma and interstitial fluid of the arterial wall,302

thereby inhibiting LDL oxidation[32]. 303

Argan oil contains a high amount of Vitamin E but also a304

non-negligible proportion of phenolic compounds. We have305

previously demonstrated that chronic ingestion of crude argan306

oil not only reduces plasma cholesterol and LDL levels in rats307

fed with hypercholesterolemic diet[18], but also improve 308

endothelial function and prevents high blood pressure[19]. 309

These effects are principally related to the richness of argan310

oil in oleic and linoleic acids and� and�-tocopherol. How- 311

ever, the antioxidant activity of phenolic compounds remains312

unknown. Our experiments were designed to examine the313

antioxidant activity of VAO-PE in inhibiting LDL oxidation 314

and their effect on HDL in removing excess cholesterol from315

macrophage cells. 316

Our results show that VAO-PE is very efficient in the pro-317

tection of LDL against lipid peroxidation as demonstrated by318

the decrease in conjugated diene and MDA formation. This319

protective effect can occur via several mechanisms, either320

via: (A) the scavenging of peroxy radicals, which break the321

peroxidation chain reaction, (B) chelating free Cu2+ to form 322

redox-inactive complexes and thus reducing metal-catalyzed323

oxidation of LDL, (C) inhibiting the binding of copper ions324

to apolipoproteins and subsequently preventing the modifica-325

tion of amino acid-apo-B protein residue. These hypotheses326
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re also supported by the extendedlag phase, the reduction
n the oxidation rate of thepropagation phaseand the max
mal accumulation of oxidation products, in the presenc
AO-PE.

VAO-PE decreases the rate of disappearance of�- and�-
ocopherol and preserves endogenous Vitamin E in LDL.
ame mechanism of action was shown for ascorbate, a w
oluble vitamin, which preserves tocopherols and�-carotene
n LDL [33].

The antioxidant activity of polyphenolics is principa
efined by the presence of orthodihydroxy substitue
hich stabilize radicals and chelate metals. The antiox
ffect of phenolic acids and their esters depends on the
er of hydroxyl groups in the molecule. Argan oil, with co
arison to olive oil, contains a higher quantity of ferulic a
3470± 13 versus 51± 2�g/kg of oil, respectively)[16].
his acid is more effective than ascorbic acid and other ph

ic acid such asp-coumaric acid, since the electron-dona
ethoxy group allows increased stabilization of the resu
ryloxyl radical through electron delocalization after hyd
en donation by the hydroxyl group[34]. This showed tha

he direct inhibition of trans-conjugated diene hydrope
de isomer formation is related to the H-donating ability
he phenol[35]. Argan oil, but not olive or sunflower o
lso contains another important phenolic acid: syringic
68± 4�g/kg). This antioxidant compound protects aga
DL-oxidation [36]. Fito et al.[37] demonstrated that ph
olic compounds from olive oil could associate with L
nd inhibit LDL oxidation. This association can protect L
reparation. In fact, Castelluccio et al.[38] have reported tha
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after LDL incubation with ferulic acid, 14% of the ferulic acid357

is incorporated into LDL and 86% stays in the LDL-aqueous358

phase, making a strong association between phenolic com-359

pounds and the protein-fraction of LDL.360

LDL oxidation is characterized by alterations in the struc-361

tural and biological properties of lipids and apoprotein B362

(apoB). This alteration starts with fragmentation of the pro-363

tein, which contains sensitive amino-acids residues, and is364

followed by cross-linking of reactive aldehydes (MDA) and365

oxysterols (end products of the lipid peroxidation)[39]. We366

explored the inhibitory effect of VAO-PE on the copper-367

induced alteration of apoB. Our results show that VAO-PE368

abolishes the Cu2+-induced electrophoretic shift in LDL,369

indicating that there was a protection from oxidative mod-370

ification of LDL. As mentioned above, VAO-PE inhibits the371

maximal production of oxidation product in a dose depen-372

dent manner and therefore protects the apoprotein moiety373

against alteration. Moreover, VAO-PE can also act by either374

blocking the copper-binding site or by binding to another375

(allosteric) site and thus reducing the binding of copper. Alter-376

natively, VAO-PE may interfere with the redox activity of377

copper ions on the surface of the lipoprotein and exert simi-378

lar effects to those obtained by blocking the copper-binding379

site.380

Oxygen free radicals induce lipid peroxidation and disrupt381

important structural and protective functions associated with382
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the membrane, thus inducing modification of the lipid bilayer413

and lipid–protein interactions. 414

In conclusion, VAO-PE protects LDL from oxidation by415

a direct or indirect antioxidant activity. VAO-PE increases416

cholesterol efflux by increasing HDL lipid-bilayer fluidity. 417

However, further studies are needed to clarify the exact action418

of VAO-PE on lipoprotein oxidation and reverse cholesterol419

transport. These results support the use of argan oil as a420

dietary supplement. 421
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