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Abstract: Nutrition is a key determinant in modulating disease risk, with numerous studies
highlighting the role of antioxidants and lipids, particularly the micronutrient and fatty acid
composition of natural oils and their bioactive metabolites. In this context, argan oil—a veg-
etable oil extracted from the kernels of Argania spinosai—has gained significant attention due
to its well-balanced fatty acid profile, rich in oleic and linoleic acids, and its high levels of
antioxidant compounds, including tocopherols, polyphenols, and phytosterols, particularly
schottenol and spinasterol. Thanks to its unique composition, argan oil exhibits protective
properties against harmful biological processes, such as oxidative stress and inflammation,
both of which play a significant role in various diseases. Preclinical studies, both in vitro
and in vivo, have demonstrated that argan oil reduces oxidative stress by preventing DNA
damage, protein carbonylation, and lipid peroxidation, while simultaneously increasing
antioxidant defenses. Furthermore, it modulates inflammatory responses by decreasing
pro-inflammatory biomarkers, increasing anti-inflammatory markers, and limiting immune
cell infiltration across different tissues. These antioxidant and anti-inflammatory effects
are thought to be linked to argan oil’s ability to regulate key signaling pathways, such
as Nrf-2 and NF-«B. Although direct evidence remains limited, studies suggest that its
main bioactive components—fatty acid, y-tocopherol, ferulic acid, and campesterol—can
influence these pathways, either by activating Nrf2 to boost antioxidant defenses or by
inhibiting NF-«B to suppress inflammation. This review explores the antioxidant and anti-
inflammatory properties of argan oil, drawing insights from a range of scientific studies to
better understand its therapeutic potential.

Keywords: argan oil; oxidative stress; inflammation; ROS; antioxidant; anti-inflammatory

1. Introduction

The prevalence of numerous pathologies such as cardiovascular diseases, autoim-
mune diseases, neurodegenerative diseases, metabolic disorders, and cancer represents
considerable global healthcare challenges. A hallmark of these disorders is their shared key
pathological mechanisms, such as oxidative stress and inflammation. The bioactive com-
pounds highlight today’s beneficial effects against various diseases, through a large variety
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of action mechanisms, including modulation of oxidative stress and inflammation [1-6].
The beneficial effects of antioxidants against the deleterious effects of free radicals induced
by oxidative stress have been established [2,3,7]. Also, antioxidants, including flavonoids
and phenol compounds, are involved in iron chelation and antioxidant activity [5]. In the
face of this challenge, nature offers a powerful ally: argan oil (AO) obtained from the Arga-
nia spinosa tree, a native plant appearing endemically in Morocco. Recently, this oil has been
acclaimed for its health benefits due to its specific composition, which is rich in fatty acids
(saturated, monounsaturated, and polyunsaturated), polyphenols, tocopherols, and phytos-
terols, particularly (schottenol and spinasterol) [8,9]. Numerous data revealed the beneficial
effects of argan oil, including lipid metabolism modulation [10], anti-inflammatory and
antioxidant properties, hepatoprotective [11,12], neuroprotective [8], antidiabetic [13],
and antiproliferative effects [14]. In this review, we provide a comprehensive update
on the antioxidant and anti-inflammatory potential of argan oil, based on findings from
previous studies.

2. Argan Oil

Argan oil is a vegetable oil widely renowned as one of the most nutritious oils in the
world. Economically, it represents the leading lucrative segment of Argania production.
The price of argan oil is reaching over USD 30 per liter in the local market and exceeding
USD 300 per liter in the rapidly expanding export market [15], positioning it as a luxury
food product [16]. There are two primary types of argan oil: edible and cosmetic. Edible
argan oil roasted argan kernels, characterized by their golden color, sweetness, and nutty
flavor, are commonly used in food preparation, such as Amlou, a paste resembling peanut
butter, made by grinding argan oil with roasted almonds and honey [17]. Additionally, it
provides a unique finishing flavor when drizzled over salad and tajin. In contrast, cosmetic
argan oil is extracted from unroasted argan fruits and is primarily intended for skin and
hair care [18].

Understanding the applications and properties of argan oil requires exploring its
extraction methods, which significantly influence the 0il’s final quality and composition.

2.1. Extraction Methods

Argan oil can be produced using three different methods: traditional, mechanical, and
solvent extraction.

The traditional method involves artisanal extraction from roasted argan kernels. It
is time-consuming and labor-intensive, requiring around 10 h to produce 1 L of oil. This
approach includes several steps: fruit picking, fruit peeling, nut cracking, kernel roasting,
kernel grinding, crushing the roasted kernels using a stone grinder, and pressing the
paste by hand to obtain the oil, which is then separated from water by decantation [18,19].
Interestingly, it was demonstrated that argan oil extracted through traditional methods
is characterized by a higher concentration of tocopherols and polyphenolic compounds.
Moreover, manually pressed oil exhibits strong anti-inflammatory properties compared to
oil obtained through the mechanical process [20].

The mechanically pressed oil, also known as a semi-industrialized method, uses a
mechanical press technique to extract either roasted or unroasted argan oil. This method
requires only half an hour to obtain 1 L of high-quality oil, achieving a yield of 45%,
compared to the traditional method, which produces low-quality oil within a yield of
around 30%. This approach follows the same process as the artisanal method, except that
the kernels are pressed directly [18,19].

Argan oil may also be produced using organic solvents, achieving a yield of 50-55%.
This type of oil is intended solely for cosmetic purposes, as it lacks both aroma and taste.
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However, oil extracted using the solvent method is more stable than that obtained through
other methods, primarily due to its higher concentration of antioxidant compounds [18,19].

2.2. Composition of Argan Oil
2.2.1. Saponifiable Fraction:

The saponifiable fraction of argan oil consists of 99% triacylglycerols [21] with a
balanced proportion of unsaturated fatty acids, primarily linoleic and oleic acids. A 100 g
portion contains 34.10% linoleic and 45.90% oleic acids, compared to 6.13% linoleic and
76.89% oleic acids in olive oil [9,22]. Additionally, linolenic acid (0.1 g/100 g) is present in
argan oil in trace amounts. Furthermore, palmitic (11.80%) and stearic acid (6.00%) are the
two main saturated fatty acids found in argan oil [9] (Table 1).

Table 1. Fatty acids (%), phytosterol (mg/kg oil), tocopherol (mg/kg oil), and polyphenol (ug/kg oil)
contents of argan oil compared to olive oil.

Argan Oil Olive Oil
Fatty Acids (%)
References [9] [22]
Palmitic acid (C16:0) 11.80 11.66
Palmitoleic acid (C16:1 n-7) 0.18 0.89
Stearic acid (C18:0) 6.00 3.02
Oleic acid (C18:1n-9) 45.90 76.89
Linoleic acid (C18:2n-6) 34.10 6.13
Tocopherols (mg/kg oil)

References [20] [9]
«-Tocopherol 42.23 88.01
3-Tocopherol 3.07 7.57
v-Tocopherol 715.42 442
8-Tocopherol 103.22 ND

Polyphenols (ug/kg oil)

References [23] [24]
Vanillic acid 67.00 1980.00
Syringic acid 37.00 6550.00

Ferulic acid 3147.00 10,500.00

Tyrosol 12.00 21,300.00
Phytosterols (mg/kg oil)

References [8] [8]

Campesterol 16.40 11.30
A7-avenasterol 85.80 12.30
Spinasterol 64.40 ND

Schottenol 849.00 ND

ND: not determined.

2.2.2. Unsaponifiable Fraction:

In addition to the saponifiable fraction, argan oil also contains 1% of molecules known
as unsaponifiable matter. This fraction includes principally tocopherols, sterols, and
polyphenols (Table 1).

e  Tocopherols:

Tocopherols consist of a group of lipid-soluble molecules (x-tocopherol, 3-tocopherol,
v-tocopherol, and o-tocopherol) that act as natural antioxidants and anti-inflammatory
agents found in vegetable oils. Argan oil contains tocopherol at a level twice that of olive
oil, with a significant majority of y-tocopherol followed by é-tocopherol. As shown in
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Table 1, the concentration of y-tocopherol in argan oil was measured at 715.42 mg/kg [20],
while 8-tocopherol levels were recorded at 103.22 mg/kg [9]. These tocopherols have
distinct biological activities, with y-tocopherol exhibiting a stronger antioxidant effect, as
evidenced by its higher capacity to neutralize free radicals and inhibit the initiation of lipid
peroxidation compared to other isoforms, including x-tocopherol and 8-tocopherol [25,26].
Additionally, y-tocopherol has anti-inflammatory properties, leading to a greater limitation
of neutrophil infiltration and a reduction in cytokine secretion [27].

e  Polyphenols:

Polyphenols possess strong antioxidant and anti-inflammatory properties [28,29]. The
polyphenol composition of argan oil consists of four main types: vanillic acid, syringic
acid, ferulic acid, and tyrosol. Notably, ferulic acid, the predominant polyphenol fraction,
accounts for 3147 ug/kg of argan oil [30].

e  Phytosterols:

One of the distinguishing features of argan oil is the presence of specific sterols
(spinasterol and schottenol) that are not present in olive oil. Argan oil contains four
sterols (Table 1), the two principal ones being spinasterol (64.40 mg/kg oil) and schottenol
(849 mg/kg oil), while A7-avenasterol and campesterol are present in smaller amounts [8].

e  Other minor compounds

In addition to its higher composition of fatty acids, tocopherols, phytosterols, and
polyphenols, argan oil also contains other minor compounds, including squalene, an in-
termediate in the sterol synthesis pathway, present at levels of up to 3.2 g/kg of oil [31].
Moreover, argan oil includes five triterpenic alcohols: butyrospermol (18%), tirucallol (28%),
lupeol (7%), B-amyrine (27%), and 24-methylene cycloartanol (5%). It also contains
two methyl sterols, lecitrostadienol (4%) and cycloeucalyenol (<5%) [32]. Furthermore, this
oil is characterized by the presence of natural carotenoid pigments, primarily xanthophylls,
which account for approximately 500 mg/kg of oil [32].

3. Antioxidant Potential of Argan Oil

Aerobic organisms continuously generate reactive oxygen species (ROS) as metabo-
lites derived from dioxygen (O;) metabolism. These include free radicals—molecules
with unpaired electrons—such as superoxide anion (O,°* ™), hydroxyl (OH?*), nitric oxide
(NO?®), nitrogen dioxide (NO,*), peroxyl groups (ROO*®), and lipid peroxyl groups (LOO®).
Additionally, non-radical molecules like hydrogen peroxide (H;O,), ozone (O3), singlet
oxygen (10y), dinitrogen trioxide (N7O3), nitrous acid (HNO,), and hypochlorous acid
(HCIO) are also classified as ROS. Endogenously, ROS can be generated by enzymatic
reactions involving enzymes such as NADPH oxidase (NOx), xanthine oxidase, nitric oxide
synthase (NOs), and cytochrome P450 enzymes. They can also arise from non-enzymatic
reactions like the mitochondrial electron transport chain, phagocytosis, and other pathologi-
cal conditions, including chronic inflammation, cancer, and mental stress [33]. Exogenously,
ROS may originate from sources such as infection, radiation (UV, X, ionizing), smocking,
alcoholism, air and water pollution, environmental toxin (heavy transition metals), unbal-
anced diet (Western diet), and intake of certain drugs (bleomycin, cyclosporine, gentamicin,
tacrolimus) [34-37]. At low concentrations, ROS play crucial physiological roles, acting as
second messengers in cellular signaling and influencing processes such as cell proliferation,
differentiation, energy metabolism, immune responses, apoptosis, vasodilatation, and
tissue repair [38]. However, prolonged exposure to high ROS levels can lead to macro-
molecular damage in DNA, proteins, and lipids, destabilizing cellular homeostasis and
resulting in oxidative stress—a physiopathological condition characterized by an imbalance



Antioxidants 2025, 14, 515

50f 20

between excessive ROS production and the cell’s antioxidant defense capacity [28]. Given
these implications, numerous in vitro and in vivo studies have highlighted the antioxidant
properties of argan oil, demonstrating the impact on key oxidative stress parameters in-
volved in various diseases (Table 2). The findings suggest that this oil warrants further
in-depth research for potential development into a therapeutic agent.

Table 2. The effects of argan oil on different prooxidant and pro-inflammatory agents in various
preclinical models.

Prooxidant- Argan Oil
Argan Oil Studies Design Pro- Outcome Treatment Outcome Measures References
Effects Inflammatory Measures
(Dose)
Agent
T Preclinical
ype Models
Kidney: Kidney:
JGPx 1GSH TLP +»GPx |GSH «LP
Brain: Brain:
JGPx |GSH 1LP 1PC ~GPx ++GSH +LP
PC
Liver: Liver:
1SOD |GPx |GSH ©50D ©GPx
JICDH | «-KGDH #GSH 11CDH
Rat (?) Acrylamide 6 mL/kg 1o-KGDH [39-41]
Thymus: Thymus:
TTBARS |GSH +TBARS ++GSH
Spleen: Spleen:
1PC ~PC
Bone marrow: Bone marrow:
JGSH +~GSH
Urine: Urine:
18-OHdG +8-OHdG
Kidney: Kidney: ,
Rat (&) Betamethasone MDA 1mL/kg SMDA [42]
Kidney: Kidney:
JGSH 1TBARS |GPx +>GSH +<TBARS
Mercuric JGST ~GPx 1GST
Rat () chloride Liver: 5mL/kg Liver: [43]
Antioxid TCAT 1GST 1GPx +CAT <GST +>GPx
ntioxidant 4, Jive +GSH 1LP ©GSH &LP
effect
Brain: Brain:
Rat (c) Ethanol MDA 10 mL/kg MDA [44]
Liver: Liver:
Rat () H;0, Induce binucleation 10mL/kg Suppress binucleation [45]
. . Liver: o Liver:
Rat (&) High-fat diet 1GPx 5% GPx [46]
Heart: Heart:
Rat (d") D-Glucose 10,°~ TNADPH 5mL/kg +0,*” +NADPH [47]
oxidase oxidase
o Colon: Colon: )
Rat (c) 0.9% NaCl + MDA 2mL/kg s MDA [48]
Plasma: )
Rat () High-fat diet +LOOH |CAT 5g/kg Plasma: [49]
JLOOH 1CAT 1SOD
JSOD
Liver: Liver:
1CAT 1GPx ’
+GSH +CAT +GPx ++GSH
Brain: Brain:
Mouse (&) LPS 1CAT 1SOD |GSH 6% +CAT +»SOD «+>GSH [11,50]
TCAT +—CAT
Liver: Liver:
TCAT 1SOD +CAT +SOD <+MDA
MDA 1CAT +CAT
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Table 2. Cont.
Prooxidant-
. Argan Oil
Argan Oil Studies Design Pro- Outcome Treatment Outcome Measures References
Effects Inflammatory Measures
(Dose)
Agent
Type Preclinical
P Models
Liver: Liver:
1SOD |GPx TMDA 1SOD 1TGPx «++MDA
Brain: Brain:
. JGSH o 1GSH
In vivo Mouse () Iron Kidney: 6% Kidney: [12,51]
1SOD |GPx <»SOD «+>GPx
Liver: Liver:
H2AX H2AX
Antioxidant Ty oY
effect 1SOD +~SOD
Tetrahymena Tron 1GPx 0.1% &GPx [51]
pyriformis +GSH +GSH
In vitro Oligodendrocyte 1Cell growth o ++Cell growth
158N 7KC 10, 0.1% —0, [8]
Fibroblasts . o
MRC-5 Hyperoxia TYH2AX 0.1% JYH2AX [12]
Kidney: Kidney:
ITnf-oc 11L-1B TIL-8 JTnf-oc JIL-1B JIL-8
Rat (<) NaF MCP-1 1TGF-B1 6mg/kg IMCP-1 | TGF-B1 521
Anti- JIL-10 HL-10
inflammatory In vivo Liver: Liver:
effect ITnf-o 11L-6 |1L-4 JTnf-o JIL-6
Mouse (d') LPS 1IL-10 6% HIL-4 11L-10 [11,50]
Brain: Brain:
I Tnf-o JTnf-o

HO-1: heme oxygenase-1; TBARS: thiobarbituric acid reactive substances; 8-OHdG: 8-hydroxy-2’-deoxyguanosine;
ROS: reactive oxygen species; 7KC: 7-ketocholesterol; H,O,: hydrogen peroxide; t-BOOH: Tert-butyl hydroper-
oxide; MRC-5: Human fetal lung fibroblast cells; Caco-2: Cancer Colon (Colorectal adenocarcinoma cells);
158N: Murine oligodendrocytes; IL-13: Interleukin 1 beta; IL-4: Interleukin 4; IL-6: Interleukin 6; IL-8: Interleukin 8;
IL-10: Interleukin 10; MCP-1: Monocyte chemoattractant protein-1; NO: nitric oxide; TGF-B1: Transforming growth
factor beta 1; Tnf-«: Tumor necrosis factor alpha. 1 = increase, |. = decrease, <+ = normalization.

3.1. In Vitro Studies

The chemical evaluation of the antioxidant activity of argan oil, using established
tests such as DPPH, FRAP, and ABTS, has shown that argan oil demonstrates significant
antioxidative potential [12,51,53]. At the cellular level, an in vitro study on 158N oligoden-
drocytes cell line demonstrated the ability of argan oil to counteract the toxic effects of
7-ketocholesterol on nerve cells. This was achieved by attenuating the overproduction of
ROS, reducing plasma membrane permeability, and mitigating oxiapoptophagy, a process
associated with increased acidic vesicle formation and peroxisomal dysfunction. These
effects were evaluated by assessing the expression levels of peroxisomal markers Abcd1,
Abcd3, Acox1, and Mfp2 [8]. Additionally, polyphenols from argan oil have been shown
to decrease ROS production in Caco-2 cells [54]. Furthermore, argan oil was observed to
reduce intracellular peroxide levels, and for the first time, was found to improve DNA
integrity after hyperoxia-induced damage in human fibroblast MRC-5 cells [12]. Research
has also reported the antioxidant effects of argan oil in the cultured protozoan Tetrahy-
mena pyriformis, where it protected against iron-induced oxidative stress by stabilizing the
enzymatic activities of superoxide dismutase (SOD) and glutathione peroxidase (GPx),
as well as maintaining glutathione (GSH) levels [51]. Moreover, in three characterized
Saccharomyces cerevisiae strains—173, D170, and D301—argan oil was observed to reduce
lipid peroxidation in all three strains [55] (Figure 1) (Table 2).
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Figure 1. Antioxidative effects of argan oil on in vivo models (rat and mouse) following exposure to
different prooxidant agents. Each organ is represented by an individual heatmap to highlight specific
responses. The colors of the left side of the heatmap indicate oxidative parameters influenced by
prooxidant agents: black represents the effect of LPS, yellow for iron, gray for acrylamide, dark gray
for NaF, pink for NaCl, orange for HgCl,, dark orange for glucose, and dark turquoise for ethanol.
The oxidative parameters on the right side highlighted in green correspond to the effects of argan oil.
Heatmap color code: red: induction of oxidative stress parameters, blue: reduction in oxidative stress
parameters, white: return to baseline. SOD: superoxide dismutase; CAT: catalase; GPx: glutathione
peroxidase; MDA: malondialdehyde; GSH: glutathione; GST: glutathione-s-transferase; LPO: lipid
peroxidation; PC: protein carbonylation; ICDH: Isocitrate dehydrogenase; LPS: Lipopolysaccharides;
NaF: sodium fluoride; HgCl,: mercuric chloride; NaCl: Sodium chloride; y-H2AX: Phosphorylated
histone; H2AX; O,°~: superoxide anion.

3.2. In Vivo Studies

Argan oil has demonstrated promising effects in mitigating oxidative stress, particu-
larly in studies involving rats. Various organs, including the liver, brain, heart, and kidneys,
have been examined. Research suggests that argan oil can improve oxidative imbalances
caused by harmful substances such as acrylamide, mercuric chloride, betamethasone, and
sodium fluoride. This is achieved by normalizing the activities of antioxidant enzymes such
as SOD, GPx, and glutathione S-transferase (GST), as well as regulating oxidative stress
markers like malondialdehyde (MDA), thiobarbituric acid reactive substances (TBARSSs),
and GSH [39,42,43,52].

In the brain, argan oil has demonstrated protective effects by mitigating oxidative stress
and improving GPx activity, GSH levels, lipid peroxidation, and protein carbonyl content
in rats exposed to acrylamide [40]. Additionally, it helps reverse behavioral and memory
impairments and prevent neurodegeneration in the prefrontal cortex and hippocampus
following malathion-induced injury [56].

In the liver, argan oil enhances oxidative balance and mitochondrial function by
normalizing the activity of oxidative phosphorylation enzymes (SOD, GPx, ICDH, and
a-KGDH) while maintaining GSH levels [39]. Moreover, it counteracts oxidative stress
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in lymphoid organs and reduces lipid peroxidation markers in the plasma [49] (Table 2)
(Figure 1).

Unlike in vivo studies on rats, few studies have been performed on mice. However,
argan oil has demonstrated hepatoprotective effects following lipopolysaccharide (LPS)
injury by restoring the activity of peroxisomal antioxidant enzymes [11,50]. Specifically,
argan oil prevented LPS-dependent depletion of non-enzymatic glutathione in the liver
and brain [11,50]. Treatment with argan oil successfully abolished the LPS-induced cata-
lase activity in both the liver and brain, while restoring GPx and SOD activities [11,50].
Additionally, it was observed that argan oil reduces MDA levels during brain and liver
injury and restores the liver gene expression of peroxisomal protein-encoding genes, partic-
ularly catalase [50]. For the first time, it was found that argan oil possesses antioxidative
potential by reducing DNA oxidative damage after iron overload in liver tissue through
the normalization of y-H2AX levels [12]. Furthermore, argan oil has been shown to exert
preventive effects in the brain by preserving 3-oxidation functions and antioxidant activ-
ities [50]. Additionally, recently, we revealed that argan oil exhibits neuroprotective and
hepatoprotective properties against iron-induced oxidative stress [51] (Table 2) (Figure 1).

Argan oil’s broad protective effects—normalizing enzyme activities, reducing oxida-
tive markers, and preserving organ function—highlight its potential as a valuable agent
against oxidative stress-related damage.

4. Anti-Inflammatory Potential of Argan Oil

The disruption of redox homeostasis triggers a harmful pathological inflammatory
response [33]. Inflammation is a preventive physiological response to infection and tissue
injury, involving the recruitment of immune cells and the release of chemical mediators.
However, when excessive or chronic, inflammation can become pathological, contributing
to the development of various diseases. Several studies have highlighted the potential bene-
fits of dietary intake of edible oils rich in phenolic compounds, such as olive oil, in reducing
the risk of developing chronic inflammatory-related diseases [20,57]. In this context, argan
oil plays a crucial role in modulating inflammation due to its unique composition, which
influences cytokine production and provides tissue protection [11,58]. Several preclinical
studies on animal models have analyzed the anti-inflammatory properties of argan oil.

4.1. Effect of Argan Oil on Modulation of Inflammatory Markers

In vivo investigations on mice have shown that argan oil can attenuate inflammation
caused by endotoxin (LPS) or heavy metals (iron) by downregulating the mRNA expression
of pro-inflammatory markers, including Tnf-o, IL-13, IL-6, and COX-1, in the liver and
brain [11,12,50]. Additionally, studies have shown that argan oil significantly decreases
the overproduction of pro-inflammatory mediators such as Tnf-«, IL-1f3, IL-8, MCP-1, and
TGF-B1 induced by NaF in the kidneys of rats [52] (Figure 2) (Table 2).

Moreover, the reduction in pro-inflammatory markers in the liver of mice and kid-
neys of rats following argan oil treatment is accompanied by a significant upregulation
of anti-inflammatory cytokines, including IL-4 and IL-10 [11,50] (Figure 2) (Table 2). Clin-
ically, it has been demonstrated that polyphenols extracted from argan oil exert an anti-
inflammatory effect by reducing IL-1f3, iNOS, and the formation of 3-nitrotyrosine protein
in the blood of diabetic patients [59].

These findings indicate that argan oil exhibits an anti-inflammatory property in vari-
ous tissues, primarily by modulating inflammatory response, reducing pro-inflammatory
mediators, and increasing anti-inflammatory biomarkers.
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Figure 2. Anti-inflammatory effects of argan oil on in vivo models (rat and mouse) following different
pro-inflammatory agents. Each organ is represented by an individual heatmap to highlight specific
responses. The colors on the left side of the heatmap indicate inflammatory parameters influenced by
the prooxidant agents: black represents the effect of LPS, yellow of iron, and dark gray of NaF. The
inflammatory parameters on the right side highlighted in green correspond to the effects of argan oil.
Heatmap color code: red: induction of inflammatory parameters, blue: reduction in inflammatory
parameters, white: return to baseline. Cox-2: Cyclooxygenase 2.

4.2. Effect of Argan Oil on Tissue Protection

Numerous in vivo studies have suggested that argan oil may help regulate inflamma-
tory responses, providing therapeutic benefits for various acute inflammatory conditions.

Research has shown that in the carrageenan-induced inflammation model in mice,
argan oil significantly reduces paw edema volume more effectively than the commer-
cial anti-inflammatory drug diclofenac [60]. Similarly, argan seed oil exhibited an anti-
inflammatory effect comparable to another commercial drug, Indomethacin [58]. Further-
more, in carrageenan-induced paw edema in mice, the unsaponifiable fraction of argan
oil revealed significant anti-inflammatory activity, reaching peak efficacy four hours after
carrageenan administration at a dose of 10 mg/kg. This effect was even more pronounced
at the higher dose (15 mg/kg), where its anti-inflammatory activity on paw edema mod-
erately exceeded that of anti-inflammatory drugs administered at 50 mg/kg during the
fiftth hour [58]. To gain deeper insights into the components of this unsaponifiable fraction,
studies on a rat model revealed that polyphenolic extracts from argan oil significantly
reduced the paw edema caused by carrageenan and trauma [20].

Histological analysis of mice skin suggests that argan oil provides protective effects
against excessive inflammation by decreasing immune cell infiltration, including lympho-
cytes and polynuclear neutrophils, while also promoting wound healing [58]; this may, in
turn, contribute to a reduction in pro-inflammatory marker production such as Tnf-«, IL-1f3,
and IL-6 (Figure 3). Additionally, in the liver of rats, argan oil significantly reduced acute
inflammatory responses induced by hydrogen peroxide (H,O;). Moreover, in mice infected
with LPS, argan oil was found to reduce macrophage recruitment in the liver [11,45]. In the
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kidneys of NaF-pretreated rats, argan oil attenuates signs of acute inflammation, including
degenerative changes in renal tubules, perivascular edema, and cellular infiltration [52].
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Figure 3. Effect of argan oil against immune cell infiltration. The inhibition of pro-inflammatory gene
expression by argan oil, including TNF-«, interleukins, chemokines, and adhesion molecules, may
help reduce immune cell infiltration and prevent the amplification of the inflammatory response.

These studies suggest that argan oil supports tissue repair and helps prevent long-
term damage resulting from acute inflammation. However, further research is necessary to
investigate its effects on chronic inflammation and its potential role in regulating long-term
inflammatory responses associated with various pathologies.

5. Discussion: Molecular Mechanisms of Argan Oil

The richness of argan oil in bioactive compounds offers various health benefits, no-
tably in regulating oxidative stress and inflammation. These protective effects against
pathological processes can be attributed to its ability to modulate key signaling pathways,
including Nrf-2 (Nuclear factor erythroid 2-related factor 2) and NF-«B (Nuclear Factor
kappa-light-chain-enhancer of activated B cells).

5.1. Antioxidant Mechanisms of Argan Oil

The effective antioxidant potential of argan oil is attributed to its high content of
sterols—especially schottenol and spinasterol—tocopherols (, {3, v, and é-tocopherols),
polyphenols (notably ferulic acid), polyunsaturated and saturated fatty acids, and 3
carotene. Many of these compounds counteract oxidative stress by scavenging free rad-
icals [61]. A comprehensive review has highlighted that the phytochemicals in argan
oil can influence Nrf2 levels, suggesting a role in the regulation of oxidative stress [62].
The transcription factor Nrf-2 is a key mediator of the cellular antioxidant response [63].
Under oxidative stress, Keap1 releases Nrf2, allowing it to translocate into the nucleus
where it dimerizes with small musculoaponeurotic fibrosarcoma (sMaf) proteins and bind
to the antioxidant response element (ARE), leading to the expression of its antioxidant
target genes such as superoxide dismutase (SOD), glutathione-s-transferase (GST), catalase
(CAT), glutathione peroxidase-1 (GPx-1), heme oxygenase-1 (HO-1), and NADPH quinone
reductase-1 (NQO1) [64,65]. Argan oil is notable for its balanced composition of two key
unsaturated fatty acids: oleic acid and linoleic acid [66]. Research has shown that oleic
acid can activate the Nrf2 pathway in HepG2 cells at a concentration of 0.5 mM following
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24 h and 48 h of treatment [67]. Additionally, metabolites derived from the oxidation
of linoleic acid—such as 12,13-epoxy-9-keto-10 (trans)-octadecenoic acid (EKODE)—can
activate the ARE through Nrf2 translocation, in IMR-32 human neuroblastoma cells and
primary cells [68]. Oleic acid was used in a rabbit model of acute respiratory distress
syndrome (ARDS) [69]. This fatty acid showed no significant effect on Nrf2 protein or
mRNA levels when comparing the control and model groups [69]. To explore the role
of hepatic accumulation of 18-carbon fatty acids in regulating Nrf2 during hepatocyte
steatosis, studies have shown that oleic acid increased Nrf2 protein and mRNA expressions
in HepG2 cells in a dose-dependent manner [70]. Additionally, oleic acid is commonly
used to induce steatosis [71]. For instance, to evaluate the antioxidative effect of gastrodin,
steatosis in HL-7702 cells was induced by oleic acid (OA) at a concentration of 0.6 mM for
24 h; under these conditions, OA did not alter Nrf2 expression [71]. These discrepancies
may be due to the context-dependent nature of oleic acid’s effects on the Nrf2 pathway,
which could be influenced by several factors such as the oxidative or inflammatory state of
the cells, the concentration used, and the duration of treatment.

Ferulic acid, a major phenolic compound in argan oil, demonstrates antioxidant
properties through the regulation of the Nrf-2 pathway [62]. In SH-SY5Y neuroblastoma
cells, treatment with ferulic acid exhibited a neuroprotective effect by promoting HO-1
expression and facilitating the nuclear translocation of the transcriptional factor Nrf2. This
suggests a protective potential through activation of the HO-1/Nrf2 pathway, aiming to
induce the cell stress response [72]. Ferulic acid was also tested in PC12 cells exposed to lead
acetate. The results showed that ferulic acid induced HO-1 gene expression, enhanced ARE
promoter activity, and promoted Nrf2 translocation, indicating that it may be a promising
candidate for treating developmental lead neurotoxicity in children [73]. Additionally,
ferulic acid was found to increase the total Nrf2 protein levels in rat liver tissues, with
corresponding changes in antioxidant gene expression [74]. These findings underscore the
antioxidant potential of argan oil, particularly due to its unique composition (Figure 4).

Moreover, this oil is rich in y-tocopherol, which has been shown in preclinical and
clinical studies to protect against oxidative stress. This effect is attributed to its ability to
attenuate lipid peroxidation and DNA damage, while enhancing the antioxidant defenses
(SOD, CAT, GPx, and HO-1) through modulation of the Nrf-2 signaling pathway [75-77].
Rosa rubiginosa L. has been found to increase hepatic Nrf2 levels in rats subjected to ischemia
followed by reperfusion. Moreover, Rosa rubiginosa L. contains high amounts of «- and
v-tocopherols, at 74 and 359 mg/kg, respectively [78]. Interestingly, when «- and vy-
tocopherols were removed from Rosa rubiginosa L., it failed to protect against high-fat
diet-induced Nrf2 depletion in the liver of mice. In contrast, Rosa rubiginosa L., containing
both tocopherols, showed opposite results, highlighting the role of tocopherols in Nrf2
activation [79]. Additionally, a y-tocopherol mixture was shown to upregulate the Nrf2
expression in mammary hyperplasia [80]. A recent comprehensive review suggests that y-
tocopherol inhibits oxidative stress by modulating the Nrf2 signaling pathway to upregulate
antioxidant proteins involved in free radical neutralization [81].

Notably, schottenol and spinasterol are the predominant phytosterols in argan oil,
yet their biological effects remain underexplored. To date, no research has specifically
addressed the effect of spinasterol and / or schottenol on the expression of the Nrf2 signaling
pathway. However, they have been evaluated on other oxidative stress parameters such as
CAT and ACOX-1 [82]. Given that Nrf2 is a transcription factor that regulates the cellular
defense against oxidative stress [83], it can be inferred that there is a strong connection
between spinasterol and schottenol and the Nrf2 pathway. Studies on murine microglial
BV2 cells have shown that these compounds are non-toxic [84]. Moreover, schottenol and
spinasterol have been shown to reduce mitochondrial activity in central nervous system
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cells (158N and C6) [85]. These two phytosterols also protect against oxidative stress
generated by peroxisomal deficiency and/or endotoxin exposure in BV-2 microglial cells,
stabilizing catalase activity and protein expression, while reducing ROS and NO levels in
the culture medium [82]. Collectively, these findings suggest a direct effect of schottenol
and/or spinasterol on the Nrf2 signaling pathway (Figure 4).
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Figure 4. Proposed antioxidant mechanisms of argan oil. Argan oil exerts a cytoprotective effect by
inhibiting DNA oxidative damage, protein carbonylation, and lipid peroxidation, thereby regulating
oxidative stress. It stimulates the translocation of Nrf2 to the nucleus, where it forms a heterodimer
with sMaf proteins and binds to the ARE, promoting antioxidant production in response to cellular
needs—a property attributed to its unique composition. Additionally, one hypothesis suggests that
argan oil may also help regulate antioxidant production by inhibiting Nrf2 translocation, keeping
it sequestered in the cytoplasm through its interaction with the keap1-CUL3 complex. 1 = increase,
<> = normalization, ? = uncertain mechanism.

5.2. Anti-Inflammatory Mechanisms of Argan Oil

Argan oil has demonstrated significant anti-inflammatory properties, primarily due to
its unique composition, which influences both the upstream and downstream regulation of
the NF-«B signaling pathway. This pathway plays a pivotal role in inflammation by promot-
ing the transcription of pro-inflammatory genes such as Tnf-, interleukins, chemokines,
and adhesion molecules, which facilitate immune cell infiltration and amplify inflammation
responses [86]. Interestingly, argan oil has been shown to positively regulate nuclear recep-
tors such as PPAR« and its coactivator PGC1« [10], which are crucial for regulating immune
cell activity and reducing pro-inflammatory cytokine production [87]. This effect could
be attributed to the bioactive compounds in argan oil, including polyunsaturated fatty
acids, phenolic compounds (such as ferulic acid), and phytosterol, particularly compesterol.
These compounds act as natural ligands for PPAR« [88,89], and upon binding, they activate
PPAR«, which in turn inhibits NF-kB nuclear translocation. This suppression attenuates
the secretion of inflammatory mediators such as histamine, serotonin, prostaglandin, and
pro-inflammatory cytokines [20,90], thereby mitigating inflammation [11,91,92].

Additionally, studies have demonstrated that spinasterol and schottenol, two key
phytosterols in argan oil, modulate inflammation in BV-2 microglial cells stimulated by
LPS. These compounds reduce the expression of pro-inflammatory genes such as IL-1f3,
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Tnf-o, and iNOS [82], suggesting a crucial anti-inflammatory property. However, further
research is needed to fully elucidate their impact on the NF-«kB signaling pathway. Similarly,
in the same model, both pretreatment and post-treatment with linoleic acid significantly
attenuated Tnf-« levels and COX-2 protein expression [93].

Moreover, it has been demonstrated that the «-linolenic acid /linoleic acid ratio induces
an increase in anti-inflammatory markers—including IL-10, TGF-f1, and kB inhibitor
mRNA levels—while suppressing pro-inflammatory markers such as IFN-y, IL-1f3, IL-§,
and Tnf-«, as well as signaling molecules like I«B kinase (3, IkB kinase 'y, and Nf-«B p65,
in the intestine of juvenile grass carp [94]. In addition, oleic acid reduces LPS-induced
inflammation by inhibiting the activation of the JNK, p38 MAPK, and NF-kB signaling
pathways in RAW 264.7 cells through the downregulation of p-JNK, p-p38 MAPK, p-IxBe,
and p-NF-kB p65 protein expression [95]. This anti-inflammatory effect is associated with
the suppression of pro-inflammatory cytokines, including IL-1f3, IL-6, and Tnf-«, via the
inactivation of TLR3 and TLR4 receptors. Furthermore, in a chronic inflammation model
of asthmatic mice, oleic acid has been shown to modulate the balance between helper T
cells (Th), promoting the upregulation of IL-4 (associated with Th2 cells) at both mRNA
and protein levels, while downregulating IL-6 and Tnf-« (linked to Th17 cells). This effect
correlates with the inhibition of the NF-«B/COX-2/PGE2 pathway by preventing NF-«B
nuclear translocation and decreasing COX-2 and PGF2 levels [95].

Regarding ferulic acid, two comprehensive reviews have highlighted its role in reg-
ulating key inflammatory molecules, including the NF-«B, PPARy, NLRP3, p38 MAPK,
and JNK/STAT pathways [96,97]. It has been shown that ferulic acid decreases I1-1f3, IL-6,
Tnf-«, TGF-, and TLR4 mRINA levels in a sciatica rat model, which is associated with
reduced p-NF-«kB and TLR4 protein expression [98]. Additionally, in RSC96 cells exposed to
LPS for 24 h, ferulic acid inhibited acute inflammation by decreasing IL-13, TLR4, Myd88,
p-NF-kB, and p-p38 MAPK levels [99]. Moreover, ferulic acid reduces pro-inflammatory
cytokines, including IL-13, IL-6, Tnf-«, and MCP-1, by downregulating p-JNK, ERK, p-
NEF-«B p65, IKK, and IkBa in 3T3-L1 adipocytes and RAW264.7 macrophages stimulated
by Tnf-a or LPS, respectively [100]. In LPS-injured mouse lung tissues, ferulic acid sup-
presses the TLR4/NF-«B signaling pathway by reducing TLR4, p-p65, and p-IkBx protein
expression [99]. Furthermore, it has been demonstrated that ferulic acid protects the
carp brain from chronic avermectin-induced damage by modulating the NF-«B signaling
pathway [101].

On the other hand, IL-4, an anti-inflammatory cytokine, has been shown to acti-
vate PPAR receptors, particularly PPARy [102] (Figure 5), which is known for its anti-
inflammatory effects [103]. This activation inhibits pro-inflammatory cytokine production
while enhancing anti-inflammatory cytokine expression [104], by downregulating the NF-
kB pathway and upregulating its inhibitory protein IkB [105]. Interestingly, y-tocopherol,
the most abundant tocopherol in argan oil, has been shown to increase PPARy mRNA
expression in the mammary glands of mice exposed to estradiol (E2). This increase was
associated with a significant reduction in serum inflammatory markers such as PGE2 and
8-isoprostane [80]. Furthermore, in diabetic mice treated with y-tocopherol, markers of
NF-kB pathway activation, including cytosolic p-IkBe, IL-13, CRP, MCP-1, and Tnf-«, were
significantly reduced in the kidneys [77].

In peripheral blood mononuclear cells (PBMCs) exposed to LPS, y-tocopherol sig-
nificantly decreased the levels of pro-inflammatory cytokines, including IL-13, IL-6, and
TNF-«, an effect correlated with the inhibition of LPS-induced IkBx degradation [106].
Additionally, IL-4 has been shown to upregulate STAT6 protein expression [107], a process
stimulated by both IL-4 and IL-13 [108]. The activation of STAT6 promotes macrophage
polarization towards the M2 phenotype, which is associated with the anti-inflammatory
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responses [107]. In this context, ferulic acid has been shown to shift microglia/macrophage
polarization from the pro-inflammatory M1 phenotype to the anti-inflammatory M2 pheno-
type [109]. Given that bioactive compounds in argan oil act as ligands for PPAR receptors,
they may enhance IL-4’s anti-inflammatory effects, thereby modulating inflammatory

responses in various pathological conditions (Figure 5).
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Figure 5. Proposed anti-inflammatory mechanisms of argan oil. Argan oil exerts anti-inflammatory
effects through its unique composition by inhibiting the NF-kB signaling pathway at multiple points.
Upstream, oleic acid and ferulic acid modulate TLR 4 signaling, preventing NF-«B translocation,
and thereby suppressing the production of pro-inflammatory cytokines. Additionally, bioactive
compounds in argan oil, including polyunsaturated fatty acids, tocopherols, ferulic acid, and sterols,
act as ligands for PPAR«, further inhibiting NF-«B translocation. The precise anti-inflammatory
mechanisms of spinasterol and schottenol, however, remain unclear. Downstream, IL-4 production
interacts with PPARy, leading to the inhibition of NF-kB transcriptional activity. 1 = increase,

1 = decrease, ? = uncertain mechanism.

Moreover, the tissue-protective effects of argan oil against acute inflammation may be
attributed to its high content of oleic and linoleic acids, as well as polyphenolic compounds.
These components contribute to argan o0il’s capacity to modulate immune function and
reduce the harmful inflammatory reactions [58].

6. Conclusions and Prospects

Argan oil, with its rich composition of mono- and polyunsaturated fatty acids, polyphe-
nols, tocopherols, and phytosterols—particularly schottenol and spinasterol—has shown
promising antioxidant and anti-inflammatory effects in preclinical models. These beneficial
properties appear to stem from its ability to regulate the antioxidant system, modulate
antioxidant markers, and protect against oxidative damage, including DNA oxidation,
protein carbonylation, and lipid peroxidation. In addition to its antioxidant potential,
argan oil exhibits notable anti-inflammatory effects by regulating cytokine production and
immune cell infiltration. These effects are closely associated with its bioactive compounds,
which influence key signaling pathways involved in oxidative stress and inflammation.
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Despite the robust preclinical evidence supporting argan oil’s antioxidant and anti-
inflammatory properties, further research is necessary to fully elucidate its direct impact on
cellular pathways. Future studies should focus on uncovering the precise molecular mech-
anisms by which argan oil modulates critical signaling pathways implicated in oxidative
stress and inflammation, such as Nrf-2, FoxO, MAPK, NF-«B, NLRP3, and JAK/STAT.

Moreover, both preclinical and clinical investigations are essential to enhance the thera-
peutic potential of argan oil in managing oxidative stress-related and chronic inflammatory
diseases, including cancer, neurodegenerative, and cardiovascular disorders. Future studies
should also explore the synergistic effects of argan oil’s bioactive compounds—including
oleic and linoleic acids, schottenol, spinasterol, polyphenols, tocopherols, and other minor
compounds such as squalene—to optimize its therapeutic benefits. Addressing these critical
questions will deepen our understanding of argan oil’s antioxidant and anti-inflammatory
mechanisms, paving the way for innovative health applications.

Author Contributions: Conceptualization, S.R., H.B.,, and REK., validation, PA., B.N,,
Y.L. (Youness Limami), Y.L. (Yassir Laaziouez), and M.C.-M.; writing—original draft preparation,
S.R., H.B,, and R.EE.K.; figure conception, S.R., H.B., M.C.-M,, and R.E K,; editing-review, RE.K.,
M.C.-M,, B.N,, Y.L. (Youness Limami), and Y.L. (Yassir Laaziouez). funding acquisition, R.E.K. and
Y.L. (Youness Limami). All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministry of Higher Education, Scientific Research and
Innovation of Morocco (MESRSI), the National Agency for Medicinal and Aromatic Plants (ANPMA),
the National Center for Scientific and Technical Research (CNRST) within the framework of the fourth
edition of the research project in the field of Valorization of Medicinal and Aromatic Plants (VPMA4 :
2022/17), and the scholarship of Campus France (S.R, PhD grant number: 143775Z).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Arulselvan, P; Fard, M.T.; Tan, W.S.; Gothai, S.; Fakurazi, S.; Norhaizan, M.E.; Kumar, S.S. Role of Antioxidants and Natural
Products in Inflammation. Oxid. Med. Cell. Longev. 2016, 2016, 5276130. [CrossRef] [PubMed]

2. El-Mostafa, K.; El Kharrassi, Y.; Badreddine, A.; Andreoletti, P.; Vamecq, J.; El Kebbaj, M.S.; Latruffe, N.; Lizard, G.; Nasser, B.;
Cherkaoui-Malki, M. Nopal Cactus (Opuntia Ficus-Indica) as a Source of Bioactive Compounds for Nutrition, Health and Disease.
Mol. Basel Switz. 2014, 19, 14879-14901. [CrossRef]

3. Lobo, V; Patil, A.; Phatak, A.; Chandra, N. Free Radicals, Antioxidants and Functional Foods: Impact on Human Health.
Pharmacogn. Rev. 2010, 4, 118-126. [CrossRef] [PubMed]

4. Nesci, S.; Spagnoletta, A.; Oppedisano, F. Inflammation, Mitochondria and Natural Compounds Together in the Circle of Trust.
Int. ]. Mol. Sci. 2023, 24, 6106. [CrossRef]

5. Sheikh, N.A; Desai, T.R.; Tirgar, P.R. Evaluation of Iron Chelating and Antioxidant Potential of Epilobium Hirsutum for the
Management of Iron Overload Disease. Biomed. Pharmacother. 2017, 89, 1353-1361. [CrossRef]

6. Tabolacci, C.; Forni, C.; Jadeja, R.N.; Facchiano, F. Natural Compounds against Cancer, Inflammation, and Oxidative Stress.
BioMed Res. Int. 2019, 2019, 9495628. [CrossRef] [PubMed]

7. Bouchab, H.; Ishaq, A.; Limami, Y.; Saretzki, G.; Nasser, B.; El Kebbaj, R. Antioxidant Effects of Cactus Seed Oil against
Iron-Induced Oxidative Stress in Mouse Liver, Brain and Kidney. Molecules 2024, 29, 4463. [CrossRef]

8.  Badreddine, A.; Zarrouk, A.; Karym, E.M.; Debbabi, M.; Nury, T.; Meddeb, W.; Sghaier, R.; Bezine, M.; Vejux, A.; Martine, L.; et al.

Argan Oil-Mediated Attenuation of Organelle Dysfunction, Oxidative Stress and Cell Death Induced by 7-Ketocholesterol in
Murine Oligodendrocytes 158N. Int. J. Mol. Sci. 2017, 18, 2220. [CrossRef]


https://doi.org/10.1155/2016/5276130
https://www.ncbi.nlm.nih.gov/pubmed/27803762
https://doi.org/10.3390/molecules190914879
https://doi.org/10.4103/0973-7847.70902
https://www.ncbi.nlm.nih.gov/pubmed/22228951
https://doi.org/10.3390/ijms24076106
https://doi.org/10.1016/j.biopha.2017.02.079
https://doi.org/10.1155/2019/9495628
https://www.ncbi.nlm.nih.gov/pubmed/31211143
https://doi.org/10.3390/molecules29184463
https://doi.org/10.3390/ijms18102220

Antioxidants 2025, 14, 515 16 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

El Kharrassi, Y.; Maata, N.; Mazri, M.A.; El Kamouni, S.; Talbi, M.; El Kebbaj, R.; Moustaid, K.; Essamadi, A.K.; Andreoletti, P;
El Mzouri, E.H.; et al. Chemical and Phytochemical Characterizations of Argan Oil (Argania spinosa L. Skeels), Olive Oil (Olea
Europaea L. Cv. Moroccan Picholine), Cactus Pear (Opuntia Megacantha Salm-Dyck) Seed Oil and Cactus Cladode Essential Oil.
J. Food Meas. Charact. 2018, 12, 747-754. [CrossRef]

El Kebbaj, R.; Andreoletti, P.,; El Hajj, H.L; El Kharrassi, Y.; Vamecq, ].; Mandard, S.; Saih, E-E.; Latruffe, N.; El Kebbaj, M.S.; Lizard,
G.; et al. Argan Oil Prevents Down-Regulation Induced by Endotoxin on Liver Fatty Acid Oxidation and Gluconeogenesis and
on Peroxisome Proliferator-Activated Receptor Gamma Coactivator-1, (PGC-1«), Peroxisome Proliferator-Activated Receptor o
(PPAR«x) and Estrogen Related Receptor o (ERR«). Biochim. Open 2015, 1, 51-59. [CrossRef]

El Kamouni, S.; El Kebbaj, R.; Andreoletti, P.; El Ktaibi, A.; Rharrassi, I.; Essamadi, A.; El Kebbaj, M.S.; Mandard, S.; Latruffe, N.;
Vamecq, J.; et al. Protective Effect of Argan and Olive Oils against LPS-Induced Oxidative Stress and Inflammation in Mice Livers.
Int. ]. Mol. Sci. 2017, 18, 2181. [CrossRef] [PubMed]

Bouchab, H.; Ishaq, A.; EL Kebbaj, R.; Nasser, B.; Saretzki, G. Protective Effect of Argan Oil on DNA Damage in Vivo and in Vitro.
Biomarkers 2021, 26, 425-433. [CrossRef]

Bellahcen, S.; Hakkou, Z.; Ziyyat, A.; Legssyer, A.; Mekhfi, H.; Aziz, M.; Bnouham, M. Antidiabetic and Antihypertensive Effect of
Virgin Argan Oil in Model of Neonatal Streptozotocin-Induced Diabetic and 1-Nitroarginine Methylester (-NAME) Hypertensive
Rats. |. Complement. Integr. Med. 2013, 10, 29-36. [CrossRef] [PubMed]

Bennani, H.; Drissi, A.; Giton, F; Kheuang, L.; Fiet, J.; Adlouni, A. Antiproliferative Effect of Polyphenols and Sterols of Virgin
Argan Oil on Human Prostate Cancer Cell Lines. Cancer Detect. Prev. 2007, 31, 64—69. [CrossRef]

Msanda, E; Mayad, E.H.; Furze, ].N. Floristic Biodiversity, Biogeographical Significance, and Importance of Morocco’s Arganeraie
Biosphere Reserve. Environ. Sci. Pollut. Res. Int. 2021, 28, 64156-64165. [CrossRef] [PubMed]

Zougagh, M,; Salghi, R; Dhair, S.; Rios, A. Nanoparticle-Based Assay for the Detection of Virgin Argan Oil Adulteration and Its
Rapid Quality Evaluation. Anal. Bioanal. Chem. 2011, 399, 2395-2405. [CrossRef]

Charrouf, Z.; Guillaume, D. Argan Oil: Occurrence, Composition and Impact on Human Health. Eur. ]. Lipid Sci. Technol.
2008, 110, 632-636. [CrossRef]

Dhifi, W.; Miguel, M.; Mnif, W. Argan Oil: Extraction, Categories, Chemical Composition and Health Benefits. In Seed Oil:
Production, Uses and Benefits; Nova Science Publishers, Inc.: Hauppauge, NY, USA, 2018; pp. 175-188. ISBN 978-153613561-9/978-
153613560-2.

El Maouardi, M.; Kharbach, M.; Cherrah, Y.; De Braekeleer, K.; Bouklouze, A.; Vander Heyden, Y. Quality Control and
Authentication of Argan Oils: Application of Advanced Analytical Techniques. Molecules 2023, 28, 1818. [CrossRef]

Kamal, R.; Kharbach, M.; Vander Heyden, Y.; Doukkali, Z.; Ghchime, R.; Bouklouze, A.; Cherrah, Y.; Alaoui, K. In Vivo Anti-
Inflammatory Response and Bioactive Compounds’ Profile of Polyphenolic Extracts from Edible Argan Oil (Argania spinosa L.),
Obtained by Two Extraction Methods. J. Food Biochem. 2019, 43, e13066. [CrossRef]

Guillaume, D.; Pioch, D.; Charrouf, Z. Argan [Argania spinosa (L.) Skeels] Oil. In Fruit Oils: Chemistry and Functionality; Fawzy,
R.M,, Ed.; Springer: Cham, Switzerland, 2019; pp. 317-352. ISBN 978-3-030-12472-4.

El Kebbaj, R.; El Kamouni, S.; El Hajj, H.IL;; Andreoletti, P; Gresti, J.; Latruffe, N. Modulation of Peroxisomes Abundance by Argan
Oil and Lipopolysaccharides in Acyl-CoA Oxidase 1-Deficient Fibroblasts. Health 2013, 5, 62—-69. [CrossRef]

Khallouki, E; Younos, C.; Soulimani, R.; Oster, T.; Charrouf, Z.; Spiegelhalder, B.; Bartsch, H.; Owen, R.W. Consumption of Argan
Oil (Morocco) with Its Unique Profile of Fatty Acids, Tocopherols, Squalene, Sterols and Phenolic Compounds Should Confer
Valuable Cancer Chemopreventive Effects. Eur. J. Cancer Prev. 2003, 12, 67. [CrossRef] [PubMed]

Rueda, A.; Samaniego-Sanchez, C.; Olalla, M.; Giménez, R.; Cabrera-Vique, C.; Seiquer, I; Lara, L. Combination of Analytical and
Chemometric Methods as a Useful Tool for the Characterization of Extra Virgin Argan Oil and Other Edible Virgin Oils. Role of
Polyphenols and Tocopherols. |. AOAC Int. 2016, 99, 489-494. [CrossRef]

Lampi, A.-M.; Kataja, L.; Kamal-Eldin, A.; Vieno, P. Antioxidant Activities of x- and y-Tocopherols in the Oxidation of Rapeseed
Oil Triacylglycerols. . Am. Oil Chem. Soc. 1999, 76, 749-755. [CrossRef]

Duthie, G.G.; McPhail, D.B.; Morrice, P.C.; Arthur, J.R. Antioxidant Effectiveness of Tocopherol Isomers. In Lipid-Soluble
Antioxidants: Biochemistry and Clinical Applications; Ong, A.S.H., Packer, L., Eds.; Birkhéduser: Basel, Switzerland, 1992; pp. 76-84.
ISBN 978-3-0348-7432-8.

Jiang, Q.; Ames, B.N. Gamma-Tocopherol, but Not Alpha-Tocopherol, Decreases Proinflammatory Eicosanoids and Inflammation
Damage in Rats. FASEB |. Off. Publ. Fed. Am. Soc. Exp. Biol. 2003, 17, 816-822. [CrossRef]

Hussain, T.; Tan, B.; Yin, Y.; Blachier, E; Tossou, M.C.B.; Rahu, N. Oxidative Stress and Inflammation: What Polyphenols Can Do
for Us? Oxid. Med. Cell. Longev. 2016, 2016, 7432797. [CrossRef] [PubMed]

Tsao, R. Chemistry and Biochemistry of Dietary Polyphenols. Nutrients 2010, 2, 1231-1246. [CrossRef]

Mechqoq, H.; El Yaagoubi, M.; El Hamdaoui, A.; Momchilova, S.; Guedes da Silva Almeida, ]J.R.; Msanda, F.; El Aouad, N.
Ethnobotany, Phytochemistry and Biological Properties of Argan Tree (Argania spinosa (L.) Skeels) (Sapotaceae)—A Review. J.
Ethnopharmacol. 2021, 281, 114528. [CrossRef]


https://doi.org/10.1007/s11694-017-9688-x
https://doi.org/10.1016/j.biopen.2015.10.002
https://doi.org/10.3390/ijms18102181
https://www.ncbi.nlm.nih.gov/pubmed/29048364
https://doi.org/10.1080/1354750X.2021.1905068
https://doi.org/10.1515/jcim-2013-0008
https://www.ncbi.nlm.nih.gov/pubmed/23836726
https://doi.org/10.1016/j.cdp.2006.09.006
https://doi.org/10.1007/s11356-020-11936-0
https://www.ncbi.nlm.nih.gov/pubmed/33405131
https://doi.org/10.1007/s00216-010-4628-1
https://doi.org/10.1002/ejlt.200700220
https://doi.org/10.3390/molecules28041818
https://doi.org/10.1111/jfbc.13066
https://doi.org/10.4236/health.2013.51009
https://doi.org/10.1097/00008469-200302000-00011
https://www.ncbi.nlm.nih.gov/pubmed/12548113
https://doi.org/10.5740/jaoacint.15-0121
https://doi.org/10.1007/s11746-999-0171-7
https://doi.org/10.1096/fj.02-0877com
https://doi.org/10.1155/2016/7432797
https://www.ncbi.nlm.nih.gov/pubmed/27738491
https://doi.org/10.3390/nu2121231
https://doi.org/10.1016/j.jep.2021.114528

Antioxidants 2025, 14, 515 17 of 20

31.
32.
33.
34.

35.
36.

37.
38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Cabrera-Vique, C.; Marfil, R.; Giménez, R.; Martinez-Augustin, O. Bioactive Compounds and Nutritional Significance of Virgin
Argan Oil—An Edible Oil with Potential as a Functional Food. Nutr. Rev. 2012, 70, 266-279. [CrossRef]

Rahmani, M. Composition chimique de I'huile d’argane « vierge ». Cah. Agric. 2005, 14, 461-465.

Benz, C.C,; Yau, C. Ageing, Oxidative Stress and Cancer: Paradigms in Parallax. Nat. Rev. Cancer 2008, 8, 875-879. [CrossRef]
Mashima, R.; Witting, PK.; Stocker, R. Oxidants and Antioxidants in Atherosclerosis. Curr. Opin. Lipidol. 2001, 12, 411-418.
[CrossRef] [PubMed]

Valko, M.; Morris, H.; Cronin, M.T.D. Metals, Toxicity and Oxidative Stress. Curr. Med. Chem. 2005, 12, 1161-1208. [CrossRef]
Valko, M.; Rhodes, C.]J.; Moncol, J.; Izakovic, M.; Mazur, M. Free Radicals, Metals and Antioxidants in Oxidative Stress-Induced
Cancer. Chem. Biol. Interact. 2006, 160, 1-40. [CrossRef]

Young, L.S.; Woodside, J.V. Antioxidants in Health and Disease. |. Clin. Pathol. 2001, 54, 176-186. [CrossRef]

Halliwell, B. Biochemistry of Oxidative Stress. Biochem. Soc. Trans. 2007, 35, 1147-1150. [CrossRef]

Er, R;; Aydin, B.; Sekeroglu, V.; Ath Sekeroglu, Z. Protective Effect of Argan Oil on Mitochondrial Function and Oxidative
Stress against Acrylamide-Induced Liver and Kidney Injury in Rats. Biomark. Biochem. Indic. Expo. Response Susceptibility Chem.
2020, 25, 458-467. [CrossRef] [PubMed]

Aydin, B. Effects of Argan Oil on the Mitochondrial Function, Antioxidant System and the Activity of NADPH- Generating
Enzymes in Acrylamide Treated Rat Brain. Biomed. Pharmacother. 2017, 87, 476-481. [CrossRef] [PubMed]

Sekeroglu, Z.A.; Aydin, B.; Sekeroglu, V. Argan Oil Reduces Oxidative Stress, Genetic Damage and Emperipolesis in Rats Treated
with Acrylamide. Biomed. Pharmacother. 2017, 94, 873-879. [CrossRef]

Orabi, S.H.; Abd Eldaium, D.; Hassan, A.; Sabagh, H.S.E.; Abd Eldaim, M.A. Allicin Modulates Diclofenac Sodium Induced
Hepatonephro Toxicity in Rats via Reducing Oxidative Stress and Caspase 3 Protein Expression. Environ. Toxicol. Pharmacol.
2020, 74, 103306. [CrossRef]

Necib, Y.; Bahi, A.; Zerizer, S.; Abdennour, C.; Boulakoud, M.S.; Chettoum, A.; Abdelkader, H. Effect of Argan Oil (Argania spinosa
L.) on Kidney Function Impairment and Oxidative Stress Induced by Mercuric Chloride in Rats. Int. |. Pharm. Sci. Rev. Res.
2013, 22, 144.

El Mostafi, H.; Elhessni, A.; Touil, T.; Ouichou, A.; Laaziz, A.; Doumar, H.; Mesfioui, A. Argan Oil Supplementation Attenuates
Voluntary Ethanol Consumption and Withdrawal Syndrome Promoted by Adolescent Intermittent Ethanol in Rat. Alcohol
2020, 87, 39-50. [CrossRef] [PubMed]

Bakour, M.; Soulo, N.; Hammas, N.; Fatemi, H.; Aboulghazi, A.; Taroq, A.; Abdellaoui, A.; Al-Waili, N.; Lyoussi, B. The
Antioxidant Content and Protective Effect of Argan Oil and Syzygium Aromaticum Essential Oil in Hydrogen Peroxide-Induced
Biochemical and Histological Changes. Int. J. Mol. Sci. 2018, 19, 610. [CrossRef] [PubMed]

Haimeur, A.; Meskini, N.; Mimouni, V.; Ulmann, L.; Messaouri, H.; Pineau-Vincent, F.; Abouakil, N.; Tremblin, G. A Comparative
Study on the Effect of Argan Oil versus Fish Oil on Risk Factors for Cardio-Vascular Disease in High-Fat-Fed Rats. Nutrition
2019, 57, 32-39. [CrossRef] [PubMed]

El Midaoui, A.; Haddad, Y.; Couture, R. Beneficial Effects of Argan Oil on Blood Pressure, Insulin Resistance, and Oxidative
Stress in Rat. Nutrition 2016, 32, 1132-1137. [CrossRef]

Barlas, A.M.; Kuru, S.; Kismet, K.; Cavusoglu, T.; Bag, YM.; Senes, M.; Cihan, N.; Celepli, P.; Unal, Y.; Hucumenoglu, S. Rectal
Application of Argan Oil Improves Healing of Colorectal Anastomosis in Rats1. Acta Cir. Bras. 2018, 33, 565-576. [CrossRef]
Sour, S.; Belarbi, M.; Sari, N.; Benammar, C.H.; Baghdad, C.H.; Visioli, F. Argan Oil Reduces, in Rats, the High Fat Diet-Induced
Metabolic Effects of Obesity. Nutr. Metab. Cardiovasc. Dis. NMCD 2015, 25, 382-387. [CrossRef]

Essadek, S.; Bouchab, H.; El Kebbaj, R.; Gondcaille, C.; El Kamouni, S.; Savary, S.; Vamecq, J.; Essamadi, A.; Cherkaoui-Malki, M.;
Nasser, B.; et al. Effects of a Short-Term Lipopolysaccharides Challenge on Mouse Brain and Liver Peroxisomal Antioxidant and
-Oxidative Functions: Protective Action of Argan Oil. Pharmaceuticals 2022, 15, 465. [CrossRef]

Bouchab, H.; Essadek, S.; El Kamouni, S.; Moustaid, K.; Essamadi, A.; Andreoletti, P.; Cherkaoui-Malki, M.; El Kebbaj, R.; Nasser,
B. Antioxidant Effects of Argan Oil and Olive Oil against Iron-Induced Oxidative Stress: In Vivo and In Vitro Approaches.
Molecules 2023, 28, 5924. [CrossRef]

Saber, TM.; Mansour, M.E,; Abdelaziz, A.S.; Mohamed, RM.S.; Fouad, R.A.; Arisha, A.H. Argan Oil Ameliorates Sodium
Fluoride-Induced Renal Damage via Inhibiting Oxidative Damage, Inflammation, and Intermediate Filament Protein Expression
in Male Rats. Environ. Sci. Pollut. Res. 2020, 27, 30426-30436. [CrossRef]

Samaniego Sanchez, C.; Troncoso Gonzélez, A.M.; Garcia-Parrilla, M.C.; Quesada Granados, ].J.; L6pez Garcia de la Serrana, H.;
Lépez Martinez, M.C. Different Radical Scavenging Tests in Virgin Olive Oil and Their Relation to the Total Phenol Content. Anal.
Chim. Acta 2007, 593, 103-107. [CrossRef]

Seiquer, I.; Rueda, A.; Olalla, M.; Cabrera-Vique, C. Assessing the Bioavailability of Polyphenols and Antioxidant Properties of
Extra Virgin Argan Oil by Simulated Digestion and Caco-2 Cell Assays. Comparative Study with Extra Virgin Olive Oil. Food
Chem. 2015, 188, 496-503. [CrossRef] [PubMed]


https://doi.org/10.1111/j.1753-4887.2012.00478.x
https://doi.org/10.1038/nrc2522
https://doi.org/10.1097/00041433-200108000-00007
https://www.ncbi.nlm.nih.gov/pubmed/11507326
https://doi.org/10.2174/0929867053764635
https://doi.org/10.1016/j.cbi.2005.12.009
https://doi.org/10.1136/jcp.54.3.176
https://doi.org/10.1042/BST0351147
https://doi.org/10.1080/1354750X.2020.1797877
https://www.ncbi.nlm.nih.gov/pubmed/32683986
https://doi.org/10.1016/j.biopha.2016.12.124
https://www.ncbi.nlm.nih.gov/pubmed/28068639
https://doi.org/10.1016/j.biopha.2017.08.034
https://doi.org/10.1016/j.etap.2019.103306
https://doi.org/10.1016/j.alcohol.2020.04.007
https://www.ncbi.nlm.nih.gov/pubmed/32353590
https://doi.org/10.3390/ijms19020610
https://www.ncbi.nlm.nih.gov/pubmed/29463041
https://doi.org/10.1016/j.nut.2018.05.027
https://www.ncbi.nlm.nih.gov/pubmed/30153577
https://doi.org/10.1016/j.nut.2016.02.021
https://doi.org/10.1590/s0102-865020180070000002
https://doi.org/10.1016/j.numecd.2015.01.001
https://doi.org/10.3390/ph15040465
https://doi.org/10.3390/molecules28155924
https://doi.org/10.1007/s11356-020-09366-z
https://doi.org/10.1016/j.aca.2007.04.037
https://doi.org/10.1016/j.foodchem.2015.05.006
https://www.ncbi.nlm.nih.gov/pubmed/26041223

Antioxidants 2025, 14, 515 18 of 20

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Gamero-Sandemetrio, E.; Gémez-Pastor, R.; Aranda, A.; Matallana, E. Validation and Biochemical Characterisation of Beneficial
Argan Oil Treatment in Biomass Propagation for Industrial Active Dry Yeast Production. Innov. Food Sci. Emerg. Technol.
2019, 51, 156-166. [CrossRef]

N’Go, P; Diboh, E.; Sylla, I.; Ahami, A.; Aboussaleh, Y.; Azzaoui, F-Z.; Boulbaroud, S. Comparison of the Effects of Argan and
Nigella Oils on Malathion-Induced Cognitive-Behavioral Alterations and Brain Histopathology in Male Wistar Rats. Curr. Top.
Toxicol. 2021, 17, 131. [CrossRef]

Cicerale, S.; Lucas, L.J.; Keast, R.S.J. Antimicrobial, Antioxidant and Anti-Inflammatory Phenolic Activities in Extra Virgin Olive
Oil. Curr. Opin. Biotechnol. 2012, 23, 129-135. [CrossRef]

Dakiche, H.; Khali, M.; Boutoumi, H. Phytochemical Characterization and in Vivo Anti-Inflammatory and Wound-Healing
Activities of Argania spinosa (L.) Skeels Seed Oil. Rec. Nat. Prod. 2017, 11, 171-184.

Lizard, G.; Filali-Zegzouti, Y.; El Midaoui, A. Benefits of Argan Oil on Human Health—4-6 May 2017, Errachidia, Morocco. Int. .
Mol. Sci. 2017, 18, 1383. [CrossRef]

Menni, H.B.; Belarbi, M.; Menni, D.B.; Bendiab, H.; Kherraf, Y.; Ksouri, R.; Djebli, N.; Visioli, F. Anti-Inflammatory Activity of
Argan Oil and Its Minor Components. Int. |. Food Sci. Nutr. 2020, 71, 307-314. [CrossRef]

Visioli, F.; Galli, C. The Role of Antioxidants in the Mediterranean Diet. Lipids 2001, 36, S49-552. [CrossRef]

El Kebbaj, R.; Bouchab, H.; Tahri-Joutey, M.; Rabbaa, S.; Limami, Y.; Nasser, B.; Egbujor, M.C.; Tucci, P.; Andreoletti, P; Saso, L.; et al.
The Potential Role of Major Argan Oil Compounds as Nrf2 Regulators and Their Antioxidant Effects. Antioxidants 2024, 13, 344.
[CrossRef]

Tebay, L.E.; Robertson, H.; Durant, S5.T.; Vitale, S.R.; Penning, T.M.; Dinkova-Kostova, A.T.; Hayes, ].D. Mechanisms of Activation
of the Transcription Factor Nrf2 by Redox Stressors, Nutrient Cues, and Energy Status and the Pathways through Which It
Attenuates Degenerative Disease. Free Radic. Biol. Med. 2015, 88, 108-146. [CrossRef]

Ashrafizadeh, M.; Ahmadi, Z.; Samarghandian, S.; Mohammadinejad, R.; Yaribeygi, H.; Sathyapalan, T.; Sahebkar, A. MicroRNA-
Mediated Regulation of Nrf2 Signaling Pathway: Implications in Disease Therapy and Protection against Oxidative Stress. Life
Sci. 2020, 244, 117329. [CrossRef]

Lee, C. Collaborative Power of Nrf2 and PPAR <y Activators against Metabolic and Drug-Induced Oxidative Injury. Oxid. Med.
Cell. Longev. 2017, 2017, 1378175. [CrossRef] [PubMed]

Zarrouk, A.; Martine, L.; Grégoire, S.; Nury, T.; Meddeb, W.; Camus, E.; Badreddine, A.; Durand, P.; Namsi, A.; Yammine, A.;
et al. Profile of Fatty Acids, Tocopherols, Phytosterols and Polyphenols in Mediterranean Oils (Argan Oils, Olive Oils, Milk
Thistle Seed Oils and Nigella Seed Oil) and Evaluation of Their Antioxidant and Cytoprotective Activities. Curr. Pharm. Des.
2019, 25, 1791-1805. [CrossRef] [PubMed]

Tie, F; Ding, J.; Hu, N.; Dong, Q.; Chen, Z.; Wang, H. Kaempferol and Kaempferide Attenuate Oleic Acid-Induced Lipid
Accumulation and Oxidative Stress in HepG2 Cells. Int. J. Mol. Sci. 2021, 22, 8847. [CrossRef]

Wang, R.; Kern, ].T.; Goodfriend, T.L.; Ball, D.L.; Luesch, H. Activation of the Antioxidant Response Element by Specific Oxidized
Metabolites of Linoleic Acid. Prostaglandins Leukot. Essent. Fatty Acids 2009, 81, 53-59. [CrossRef]

Sun, Z.; Niu, Z.; Wu, S; Shan, S. Protective Mechanism of Sulforaphane in Nrf2 and Anti-Lung Injury in ARDS Rabbits. Exp. Ther.
Med. 2018, 15, 4911-4915. [CrossRef] [PubMed]

Wang, X.; Cui, X,; Sun, X.; Wang, X,; Li, X,; Qi, Y,; Li, W,; Han, M.; Muhammad, I.; Zhang, X. High Fat Diet-Induced Hepatic
18-Carbon Fatty Acids Accumulation Up-Regulates CYP2A5/CYP2A6 via NF-E2-Related Factor. Front. Pharmacol. 2017, 8, 233.
[CrossRef]

Qu, L.-L.; Yu, B, Li, Z,; Jiang, W.-X,; Jiang, J.-D.; Kong, W.-]. Gastrodin Ameliorates Oxidative Stress and Proinflammatory
Response in Nonalcoholic Fatty Liver Disease through the AMPK/Nrf2 Pathway. Phytother. Res. PTR 2016, 30, 402—411. [CrossRef]
Catino, S.; Paciello, F.; Miceli, E; Rolesi, R.; Troiani, D.; Calabrese, V.; Santangelo, R.; Mancuso, C. Ferulic Acid Regulates the
Nrf2/Heme Oxygenase-1 System and Counteracts Trimethyltin-Induced Neuronal Damage in the Human Neuroblastoma Cell
Line SH-SY5Y. Front. Pharmacol. 2016, 6, 305. [CrossRef]

Yu, C.-L.; Zhao, X.-M.; Niu, Y.-C. Ferulic Acid Protects Against Lead Acetate-Induced Inhibition of Neurite Outgrowth by
Upregulating HO-1 in PC12 Cells: Involvement of ERK1/2-Nrf2 Pathway. Mol. Neurobiol. 2016, 53, 6489-6500. [CrossRef]

Yeh, C.-T.; Yen, G.-C. Induction of Hepatic Antioxidant Enzymes by Phenolic Acids in Rats Is Accompanied by Increased Levels
of Multidrug Resistance-Associated Protein 3 mRNA Expression. J. Nutr. 2006, 136, 11-15. [CrossRef] [PubMed]

Devaraj, S.; Leonard, S.; Traber, M.G,; Jialal, I. Gamma-Tocopherol Supplementation Alone and in Combination with Alpha-
Tocopherol Alters Biomarkers of Oxidative Stress and Inflammation in Subjects with Metabolic Syndrome. Free Radic. Biol. Med.
2008, 44, 1203-1208. [CrossRef] [PubMed]

Kowalska, M.; Piekut, T.; Prendecki, M.; Sodel, A.; Kozubski, W.; Dorszewska, J. Mitochondrial and Nuclear DNA Oxidative
Damage in Physiological and Pathological Aging. DNA Cell Biol. 2020, 39, 1410-1420. [CrossRef]


https://doi.org/10.1016/j.ifset.2018.05.024
https://doi.org/10.31300/CTTX.17.2021.131-142
https://doi.org/10.1016/j.copbio.2011.09.006
https://doi.org/10.3390/ijms18071383
https://doi.org/10.1080/09637486.2019.1650005
https://doi.org/10.1007/s11745-001-0682-z
https://doi.org/10.3390/antiox13030344
https://doi.org/10.1016/j.freeradbiomed.2015.06.021
https://doi.org/10.1016/j.lfs.2020.117329
https://doi.org/10.1155/2017/1378175
https://www.ncbi.nlm.nih.gov/pubmed/28928902
https://doi.org/10.2174/1381612825666190705192902
https://www.ncbi.nlm.nih.gov/pubmed/31298157
https://doi.org/10.3390/ijms22168847
https://doi.org/10.1016/j.plefa.2009.04.008
https://doi.org/10.3892/etm.2018.6036
https://www.ncbi.nlm.nih.gov/pubmed/29805514
https://doi.org/10.3389/fphar.2017.00233
https://doi.org/10.1002/ptr.5541
https://doi.org/10.3389/fphar.2015.00305
https://doi.org/10.1007/s12035-015-9555-x
https://doi.org/10.1093/jn/136.1.11
https://www.ncbi.nlm.nih.gov/pubmed/16365051
https://doi.org/10.1016/j.freeradbiomed.2007.12.018
https://www.ncbi.nlm.nih.gov/pubmed/18191645
https://doi.org/10.1089/dna.2019.5347

Antioxidants 2025, 14, 515 19 of 20

77.

78.

79.

80.

81.

82.

83.
84.

85.

86.
87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Shin, H.; Eo, H.; Lim, Y. Similarities and Differences between Alpha-Tocopherol and Gamma-Tocopherol in Amelioration of
Inflammation, Oxidative Stress and Pre-Fibrosis in Hyperglycemia Induced Acute Kidney Inflammation. Nutr. Res. Pract.
2016, 10, 33-41. [CrossRef]

Dossi, C.G.; Gonzalez Manén, D.A.; Romero, N.; Silva, D.; Videla Cabrera, L.; Tapia Opazo, G. Anti-Oxidative and Anti-
Inflammatory Effects of Rosa Mosqueta Oil Supplementation in Rat Liver Ischemia-Reperfusion. Food Funct. 2018, 9, 4847-4857.
[CrossRef]

Tapia, G.; Silva, D.; Romero, N.; Pettinelli, P.; Dossi, C.G.; de Miguel, M.; Gonzélez-Maiian, D. Role of Dietary «- and y-Tocopherol
from Rosa Mosqueta Oil in the Prevention of Alterations Induced by High-Fat Diet in a Murine Model. Nutrition 2018, 53, 1-8.
[CrossRef] [PubMed]

Smolarek, A.K; So,].Y.; Thomas, PE.; Lee, H.].; Paul, S.; Dombrowski, A.; Wang, C.-X.; Saw, C.L.-L.; Khor, T.O.; Kong, A.-N.T.; et al.
Dietary Tocopherols Inhibit Cell Proliferation, Regulate Expression of ERx, PPARY, and Nrf2, and Decrease Serum Inflammatory
Markers during the Development of Mammary Hyperplasia. Mol. Carcinog. 2013, 52, 514-525. [CrossRef]

Es-Sai, B.; Wahnou, H.; Benayad, S.; Rabbaa, S.; Laaziouez, Y.; El Kebbaj, R.; Limami, Y.; Duval, R.E. Gamma-Tocopherol: A
Comprehensive Review of Its Antioxidant, Anti-Inflammatory, and Anticancer Properties. Molecules 2025, 30, 653. [CrossRef]
Essadek, S.; Gondcaille, C.; Savary, S.; Samadi, M.; Vamecq, J.; Lizard, G.; Kebbaj, R.E.; Latruffe, N.; Benani, A.; Nasser, B.; et al.
Two Argan Oil Phytosterols, Schottenol and Spinasterol, Attenuate Oxidative Stress and Restore LPS-Dysregulated Peroxisomal
Functions in Acox1—/— and Wild-Type BV-2 Microglial Cells. Antioxidants 2023, 12, 168. [CrossRef]

He, F; Ru, X.; Wen, T. NRF2, a Transcription Factor for Stress Response and Beyond. Int. ]. Mol. Sci. 2020, 21, 4777. [CrossRef]
El Kharrassi, Y.; Samadi, M.; Lopez, T.; Nury, T.; El Kebbaj, R.; Andreoletti, P.; El Hajj, H.I,; Vamecq, J.; Moustaid, K.; Latruffe, N.;
et al. Biological Activities of Schottenol and Spinasterol, Two Natural Phytosterols Present in Argan Oil and in Cactus Pear Seed
Oil, on Murine Miroglial BV2 Cells. Biochem. Biophys. Res. Commun. 2014, 446, 798-804. [CrossRef] [PubMed]

Badreddine, A.; Karym, E.M.; Zarrouk, A.; Nury, T.; El Kharrassi, Y.; Nasser, B.; Cherkaoui Malki, M.; Lizard, G.; Samadi, M. An
Expeditious Synthesis of Spinasterol and Schottenol, Two Phytosterols Present in Argan Oil and in Cactus Pear Seed Oil, and
Evaluation of Their Biological Activities on Cells of the Central Nervous System. Steroids 2015, 99, 119-124. [CrossRef] [PubMed]
Liu, T.; Zhang, L.; Joo, D.; Sun, S.-C. NF-«B Signaling in Inflammation. Signal Transduct. Target. Ther. 2017, 2, 17023. [CrossRef]
Van Damme, N.; Van Hecke, A.; Remue, E.; Van Den Bussche, K.; Moore, Z.; Gefen, A.; Verhaeghe, S.; Beeckman, D. Physiological
Processes of Inflammation and Edema Initiated by Sustained Mechanical Loading in Subcutaneous Tissues: A Scoping Review.
Wound Repair Regen. 2020, 28, 242-265. [CrossRef]

Fantacuzzi, M.; De Filippis, B.; Amoroso, R.; Giampietro, L. PPAR Ligands Containing Stilbene Scaffold. Mini Rev. Med. Chem.
2019, 19, 1599-1610. [CrossRef] [PubMed]

Nagao, K.; Inoue, N.; Suzuki, K.; Shimizu, T.; Yanagita, T. The Cholesterol Metabolite Cholest-5-En-3-One Alleviates Hyper-
glycemia and Hyperinsulinemia in Obese (Db/Db) Mice. Metabolites 2021, 12, 26. [CrossRef]

Kamal, R.; Kharbach, M.; Eljemli, M.; Bouklouze, A.; Cherrah, Y.; Alaoui, K. Activité anti-inflammatoire in vivo de I'huile d’argan.
Phytothérapie 2020, 18, 255-261. [CrossRef]

Kono, K.; Kamijo, Y.; Hora, K.; Takahashi, K.; Higuchi, M.; Kiyosawa, K.; Shigematsu, H.; Gonzalez, EJ.; Aoyama, T. PPAR{alpha}
Attenuates the Proinflammatory Response in Activated Mesangial Cells. Am. ]. Physiol. Renal Physiol. 2009, 296, F328-F336.
[CrossRef]

Zambon, A.; Gervois, P.; Pauletto, P; Fruchart, ] .-C.; Staels, B. Modulation of Hepatic Inflammatory Risk Markers of Cardiovascular
Diseases by PPAR-Alpha Activators: Clinical and Experimental Evidence. Arterioscler. Thromb. Vasc. Biol. 2006, 26, 977-986.
[CrossRef]

Carey, A.N,; Fisher, D.R,; Bielinski, D.F,; Cahoon, D.S.; Shukitt-Hale, B. Walnut-Associated Fatty Acids Inhibit LPS-Induced
Activation of BV-2 Microglia. Inflammation 2020, 43, 241-250. [CrossRef]

Zeng, Y.-Y.; Jiang, W.-D.; Liu, Y.; Wu, P; Zhao, ].; Jiang, J.; Kuang, S.-Y,; Tang, L.; Tang, W.-N.; Zhang, Y.-A,; et al. Dietary
Alpha-Linolenic Acid/Linoleic Acid Ratios Modulate Intestinal Immunity, Tight Junctions, Anti-Oxidant Status and mRNA
Levels of NF-«B P65, MLCK and Nrf2 in Juvenile Grass Carp (Ctenopharyngodon Idella). Fish Shellfish Immunol. 2016, 51, 351-364.
[CrossRef]

Lee, S.-Y.; Le, D.D.; Bae, C.-S.; Park, ].W.; Lee, M.; Cho, S.-S.; Park, D.-H. Oleic Acid Attenuates Asthma Pathogenesis via Th1/Th2
Immune Cell Modulation, TLR3/4-NF-«kB-Related Inflammation Suppression, and Intrinsic Apoptotic Pathway Induction. Front.
Immunol. 2024, 15, 1429591. [CrossRef] [PubMed]

Zhai, Y.; Wang, T.; Fu, Y,; Yu, T; Ding, Y.; Nie, H. Ferulic Acid: A Review of Pharmacology, Toxicology, and Therapeutic Effects on
Pulmonary Diseases. Int. J. Mol. Sci. 2023, 24, 8011. [CrossRef] [PubMed]

Li, D,; Rui, Y.-X.; Guo, S.-D.; Luan, F; Liu, R.; Zeng, N. Ferulic Acid: A Review of Its Pharmacology, Pharmacokinetics and
Derivatives. Life Sci. 2021, 284, 119921. [CrossRef]


https://doi.org/10.4162/nrp.2016.10.1.33
https://doi.org/10.1039/C8FO00969D
https://doi.org/10.1016/j.nut.2018.01.012
https://www.ncbi.nlm.nih.gov/pubmed/29625348
https://doi.org/10.1002/mc.21886
https://doi.org/10.3390/molecules30030653
https://doi.org/10.3390/antiox12010168
https://doi.org/10.3390/ijms21134777
https://doi.org/10.1016/j.bbrc.2014.02.074
https://www.ncbi.nlm.nih.gov/pubmed/24582563
https://doi.org/10.1016/j.steroids.2015.01.005
https://www.ncbi.nlm.nih.gov/pubmed/25595450
https://doi.org/10.1038/sigtrans.2017.23
https://doi.org/10.1111/wrr.12777
https://doi.org/10.2174/1389557519666190603085026
https://www.ncbi.nlm.nih.gov/pubmed/31161987
https://doi.org/10.3390/metabo12010026
https://doi.org/10.3166/phyto-2019-0113
https://doi.org/10.1152/ajprenal.00484.2007
https://doi.org/10.1161/01.ATV.0000204327.96431.9a
https://doi.org/10.1007/s10753-019-01113-y
https://doi.org/10.1016/j.fsi.2015.11.026
https://doi.org/10.3389/fimmu.2024.1429591
https://www.ncbi.nlm.nih.gov/pubmed/39421735
https://doi.org/10.3390/ijms24098011
https://www.ncbi.nlm.nih.gov/pubmed/37175715
https://doi.org/10.1016/j.lfs.2021.119921

Antioxidants 2025, 14, 515 20 of 20

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Zhang, D.; Jing, B.; Chen, Z.; Li, X,; Shi, H.; Zheng, Y; Chang, S.; Gao, L.; Zhao, G. Ferulic Acid Alleviates Sciatica by Inhibiting
Neuroinflammation and Promoting Nerve Repair via the TLR4/NF-«B Pathway. CNS Neurosci. Ther. 2023, 29, 1000-1011.
[CrossRef]

Wu, X; Lin, L.; Wu, H. Ferulic Acid Alleviates Lipopolysaccharide-induced Acute Lung Injury through Inhibiting TLR4/NF-xB
Signaling Pathway. J. Biochem. Mol. Toxicol. 2021, 35, €22664. [CrossRef]

Park, ].-E.; Han, J.-S. Improving the Effect of Ferulic Acid on Inflammation and Insulin Resistance by Regulating the JNK/ERK
and NF-«kB Pathways in TNF-«-Treated 3T3-L1 Adipocytes. Nutrients 2024, 16, 294. [CrossRef] [PubMed]

Wang, G.; Guo, J.; Ma, Y; Xin, Y,; Ji, X.; Sun, Y.; Zhang, J.; Dong, J. Ferulic Acid Alleviates Carp Brain Damage and Growth
Inhibition Caused by Avermectin by Modulating the Nrf2/Keapl and NF-«B Signaling Pathways. Pestic. Biochem. Physiol.
2023, 196, 105590. [CrossRef]

Zhang, Q.; Zhu, W.; Xu, F; Dai, X.; Shi, L.; Cai, W.; Mu, H.; Hitchens, TK,; Foley, L.M.; Liu, X,; et al. The Interleukin-4/PPARy
Signaling Axis Promotes Oligodendrocyte Differentiation and Remyelination after Brain Injury. PLoS Biol. 2019, 17, €3000330.
[CrossRef]

Sokotowska, M.; Kowalski, M.L.; Pawliczak, R. [Peroxisome proliferator-activated receptors-gamma (PPAR-gamma) and their
role in immunoregulation and inflammation control]. Postep. Hig. Med. Dosw. Online 2005, 59, 472-484. [PubMed]

Chen, S.; Saeed, A.FU.H.; Liu, Q.; Jiang, Q.; Xu, H.; Xiao, G.G.; Rao, L.; Duo, Y. Macrophages in Immunoregulation and
Therapeutics. Signal Transduct. Target. Ther. 2023, 8, 207. [CrossRef] [PubMed]

Zamorano, J.; Mora, A.L.; Boothby, M.; Keegan, A.D. NF-kB Activation Plays an Important Role in the IL-4-Induced Protection
from Apoptosis. Int. Immunol. 2001, 13, 1479-1487. [CrossRef]

Wiser, J.; Alexis, N.E,; Jiang, Q.; Wu, W.; Robinette, C.; Roubey, R.; Peden, D.B. In Vivo Gamma Tocopherol Supplementation
Decreases Systemic Oxidative Stress and Cytokine Responses of Human Monocytes in Normal and Asthmatic Subjects. Free
Radic. Biol. Med. 2008, 45, 40-49. [CrossRef] [PubMed]

Xia, T.; Fu, S.; Yang, R.; Yang, K.; Lei, W.; Yang, Y.; Zhang, Q.; Zhao, Y.; Yu, J.; Yu, L.; et al. Advances in the Study of Macrophage
Polarization in Inflammatory Immune Skin Diseases. J. Inflamm. 2023, 20, 33. [CrossRef] [PubMed]

Karpathiou, G.; Papoudou-Bai, A.; Ferrand, E.; Dumollard, ].M.; Peoc’h, M. STAT6: A Review of a Signaling Pathway Implicated
in Various Diseases with a Special Emphasis in Its Usefulness in Pathology. Pathol.-Res. Pract. 2021, 223, 153477. [CrossRef]
Sun, X.; Ma, L,; Li, X;; Wang, J.; Li, Y,; Huang, Z. Ferulic Acid Alleviates Retinal Neovascularization by Modulating Mi-
croglia/Macrophage Polarization through the ROS/NF-kB Axis. Front. Immunol. 2022, 13, 976729. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/cns.14060
https://doi.org/10.1002/jbt.22664
https://doi.org/10.3390/nu16020294
https://www.ncbi.nlm.nih.gov/pubmed/38257186
https://doi.org/10.1016/j.pestbp.2023.105590
https://doi.org/10.1371/journal.pbio.3000330
https://www.ncbi.nlm.nih.gov/pubmed/16258412
https://doi.org/10.1038/s41392-023-01452-1
https://www.ncbi.nlm.nih.gov/pubmed/37211559
https://doi.org/10.1093/intimm/13.12.1479
https://doi.org/10.1016/j.freeradbiomed.2008.03.002
https://www.ncbi.nlm.nih.gov/pubmed/18405673
https://doi.org/10.1186/s12950-023-00360-z
https://www.ncbi.nlm.nih.gov/pubmed/37828492
https://doi.org/10.1016/j.prp.2021.153477
https://doi.org/10.3389/fimmu.2022.976729

	Introduction 
	Argan Oil 
	Extraction Methods 
	Composition of Argan Oil 
	Saponifiable Fraction: 
	Unsaponifiable Fraction: 


	Antioxidant Potential of Argan Oil 
	In Vitro Studies 
	In Vivo Studies 

	Anti-Inflammatory Potential of Argan Oil 
	Effect of Argan Oil on Modulation of Inflammatory Markers 
	Effect of Argan Oil on Tissue Protection 

	Discussion: Molecular Mechanisms of Argan Oil 
	Antioxidant Mechanisms of Argan Oil 
	Anti-Inflammatory Mechanisms of Argan Oil 

	Conclusions and Prospects 
	References

