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Abstract: Virgin Argan Oil (VAO) is extracted from the fruits of the Moroccan endemic species argan [Argania 

spinosa (L.) Skeels]. It is known for its richness in polyunsaturated fatty acids and its unique composition in 
tocopherols conferring a panoply of pharmacological properties, documented in several studies. The aim of 
this study was to investigate the potential protective effect of VAO against oxidative and nitrosative stress 
induced in cells of the model species Tetrahymena pyriformis. As a comparison, well-known Virgin Olive Oil 
(VOO) from Olea europaea L. was used instead. Both oils were subjected to a preliminary analysis of 
phytochemicals and properties of interest. Oxidative stress in T. pyriformis cells was induced by hydrogen 
peroxide (H2O2) at 350µM, whereas sodium nitroprusside (SNP) nitrosative stress was induced using a 1mM 
concentration. Neither of these concentrations caused relevant changes in cell viability. The level of reactive 
oxygen species (ROS) was evaluated in the cell cultures by using H2-DCFDA dye. The activity and cell 
localization of the antioxidant enzymes catalase (CAT), superoxide dismutase (SOD) and glutathione 
peroxidase (GPX) was evaluated as well as the levels of glutathione (GSH) and the malondialdehyde (MDA) 
generated after lipid peroxidation. Finally, the presence and localization of intracellular lipid droplets was 
assessed by using Nile red. The treatment of cultures with H2O2 produced significant increases in the activity 
of CAT, SOD and GPX and in the level of GSH, as also did the SNP treatment. MDA level was increased by 
both the treatments. VAO and VOO treatment were found to protect T. pyriformis from oxidative stress and 
increased cells defense in nitrosative stress. In another hand VAO and VOO decreased significantly MDA level 
increased by H2O2 treatment and failed after SNP treatment. The quantification of fluorescence signal obtained 
from immunolocalization of antioxidant enzymes confirmed the results obtained after the evaluation of their 
activities. Interestingly the level of ROS and the number of lipid droplets increased by H2O2 treatment was 
significantly decreased by VAO and VOO co-treatments. VAO and VOO represent strong antioxidants, playing 
an important role in protecting cells against oxidative stress. 

Keywords: Argania spinosa Skeels (L.); oxidative stress; nitrosative stress; Tetrahymena pyriformis; 
virgin argan oil; virgin olive oil 
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1. Introduction 

The argan tree [Argania spinosa (L.) Skeels] of the family Sapotaceae is an endemic tree mainly 
located in the South-Western region of Morocco, where the argan forest covers about 8000 km2 [1]. 
From the fruit of this specie, berber women extract what is one of the world’s most expensive 
vegetable oils. Edible argan oil is a cold-pressed oil prepared from the roasted kernels contained in 
the argan fruits, whereas unroasted kernels are used to prepare argan oil destined for cosmetics, 
which is used as moisturizing and to repair various skin conditions, slow down the appearance of 
wrinkles and prevent hair loss [2]. 

Chemical analysis of argan oil revealed a unique composition in terms of mono-unsaturated and 
polyunsaturated fatty acids. Unsaturated fatty acids are the major component (80%) of argan oil, 
principally oleic and linoleic acids (44.8% and 33.7%, respectively) [3]. Unsaponifiable compounds 
represent a minor fraction of 1% of total oil constituents only. They comprise tocopherols (α, β, δ, and 
especially γ-tocopherol), phenols (ferulic, syringic, and vanillic acids), sterols (schottenol and 
spinasterol), carotenoids, triterpene alcohols, xanthophyls, and squalene [4]. These compounds are 
the reason why argan oil is considered an important and powerful antioxidant source [5–7] and an 
inti-inflammatory agent [8,9]. Moreover, argan oil exerts potential actions on risk factors for 
cardiovascular diseases, such as hyperlipidemia, hypercholesterolemia, and hypertension [3,10]. In 
his study, [11] suggest the efficacy of argan oil supplementation in lowering plasma concentrations 
of total cholesterol, LDL and triglycerides as well as increasing HDL. Indeed, oleic acid is directly 
responsible for the reduction of blood pressure, through regulation of membrane lipid structure [12]. 

It is now clear that Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) 
contribute to the appearance and/or progression of several human diseases. Oxidative/nitrosative 
stress can be defined as a disturbance in the pro-oxidant/antioxidant balance in favor of the former, 
leading to potential damages [13]. These damages are not only the result of the elevation of the level 
of oxidation. They can also result from failure of repair or neutralization systems [14]. ROS/RNS are 
products of normal metabolic processes in all aerobic organisms, with mitochondria as the major 
responsible for most of the reactive oxygen species via oxidative phosphorylation [15]. When ROS 
and RNS are present at certain physiological concentration, they play important roles in cell signaling 
and maintenance of the functioning of the body. When excessively produced, and because of their 
high reactivity with multiple macromolecules (proteins, DNA, lipids, sugars…), ROS/RNS may lead 
to serious damage in the body. Cells responses to oxidative/nitrosative stress range from prevention 
of cell division, senescence and necrosis, to apoptosis [16]. According to several studies [17–19], the 
interactions between RNS and ROS promote the apoptotic process by generating powerful oxidants. 
To cope with the oxidative and nitrosative stress, cells had to develop defense strategies to maintain 
the intracellular redox homeostasis; these strategies can be divided to two principal mechanisms: 
enzymatic and non-enzymatic systems [20]. The enzymatic systems involve superoxide dismutase 
(SOD, considered as the primary defense of cells against the oxidative injury caused by superoxide) 
[21], catalase and glutathione peroxidase, which hydrolyze H2O2 to H2O and O2. Non-enzymatic 
defenses include redox-active cellular low-molecular-mass compounds such as glutathione (GSH), 
flavonoids, carotenoids, thiols and the radical-scavenging vitamins E and C [22]. These antioxidants 
can be synthesized in vivo or taken in from the diet [23]. Thus, several edible oils have demonstrated 
health-promoting properties due to their antioxidant capacity, which is transferred to humans and 
animal systems through their intake. Such properties are highly remarkable, and have been widely 
reported in the virgin olive oil [24–26]. 

In order to investigate the harmful effect of oxidative/nitrosative stress many type of cells and 
animals have been used as models: mice [27–29], rats [30,31] and even humans in clinical studies 
[32,33]. Simple biological organisms like the protozoa T. pyriformis have been extensively used as 
model organisms in biomedical research for decades for its many advantages especially its ability to 
grow on simple media, cost-effective laboratory handling and also short generation time of about 2 
hours [34], which has made of it a model of choice for in vitro rapid bioassays. The purpose of the 
present study was to investigate the potential beneficial effects of argan oil on preventing damages 
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caused by oxidative/nitrosative stress induced on T. pyriformis. For this purpose, olive virgin oil 
(VOO) was used in most experiments in a parallel way, as a comparison. 

2. Materials and Methods 

2.1. Preparation of oil extracts 

Edible virgin argan oil (VAO) and virgin olive oil (VOO) were provided by associations in south 
Morocco, who used traditional processes for oils extraction.  

The oils were exposed to methanol to separate the polar and non-polar fraction following the 
method described by [35]. For this purpose, mixtures of methanol:oil (1:1) were prepared and 
vigorously stirred 1 h and then centrifuged at 2500 g for 5 m in order to separate the two phases: the 
methanolic fraction (MF) and the lipidic fraction (LF). Whole oils (total fraction: TO) were also used 
in the study to compare the different fractions with the non-fractioned oils. 

2.2. Determination of total phenolics content (TPC) 

The content of phenolic compounds in the different extracts was estimated using the Folin-
Ciocalteu method according to [36]. Briefly, 2.5 mL of Folin’s reagent (diluted 10 times) was added to 
500 µL of the samples corresponding to the MFs, LFs and TOs, and to the standards (prepared in 
methanol) with suitable dilutions, together with 2 mL of sodium carbonate (7.5%). After 15 minutes 
of incubation in a water bath at 45 °C, the absorbance was measured at 765 nm against a blank without 
extract. The quantification of total polyphenols was calculated from the regression equation of the 
calibration range established with gallic acid under the same conditions as the sample. The results 
were expressed in mg of gallic acid equivalent per gram of dry weight of plant material (mg EAG/g 
of dry weight). 

2.3. Determination of total flavonoids content (TFC) 

The determination of total flavonoids was carried out by the colorimetric method of aluminum 
chloride described by [37]. The concentration of flavonoids was deduced from a calibration curve 
established with quercetin; results were expressed as micrograms of quercetin equivalent per gram 
of dry weight of plant material (mgEQ/g of dry weight).  

2.4. Determinations of antioxidant capacity 

2.4.1. DPPH radical scavenging assay 

In order to evaluate the anti-radical activity of the MFs, LFs fractions and TOs, the method of 
2,2-diphenyl-1-picrylhydrazyl radical (DPPH�) was used according to the protocol described by [38]. 
Samples (0.3 mL) were mixed with a solution of 0.2 mM DPPH in methanol (2.7 mL). The mixture 
was shaken vigorously and allowed to stand for 1 h before the absorbance was measured at 517 nm. 
Radical-scavenging activity was calculated as the following percentage: [(As-Ai)/As]×100 (As = 
absorbance of DPPH alone, Ai = absorbance of DPPH in the presence of MFs, LFs or TOs). A 
calibration curve generated using ascorbic acid was used as the reference. 

2.4.2. Ferric reducing antioxidant power (FRAP) 

The ferric reducing ability was determined according to the method described by [39]. FRAP is 
based on the reduction at low pH of a colorless ferric complex (Fe3+-tripyridyl-triazine) to a blue-
colored ferrous complex (Fe2+-tripyridyl-triazine) by the antioxidants. One milliliter of the MFs, LFs 
or TOs were mixed with 2.5 mL sodium phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of 1% potassium 
ferricyanide (K3Fe(CN)6) solution. The mixture was incubated at 50 °C for 20 m. Then, trichloroacetic 
acid (10%, 2.5 mL) was added to the mixture. Afterwards, 2.5 mL of this solution was mixed with 2.5 
mL distilled water and 0.5 mL of 0.1% FeCl3, and the absorbance was followed at 700 nm. Ascorbic 
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acid was used in order to generate a calibration curve. Results were expressed as mg ascorbic acid 
equivalent per gram of dry weight of plant material. 

2.4.3. ABTS radical scavenging assay 

The ABTS test was measured using the decolorization assay described by [40]. This method is 
based on the ability of antioxidant molecules to quench the stable bisradical cation [2,2′-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid) diammonium] ABTS�+. In this study, the ABTS�+ solution was 
prepared by reaction of a 7 mM aqueous ABTS�+ solution and 2.45 mM potassium-persulfate 
solution. After storage in the dark for 16 h, the radical cation solution was further diluted with 5 mM 
phosphate-buffered saline (PBS, pH 7.4) until the initial absorbance value of 0.7 ± 0.05 at 734 nm was 
reached. Then, 160 µL of ABTS⋅+ solution was added to 40 µL of MFs, LFs fractions or TOs. 
Absorbance was measured at 734 nm after 10 min and ABTS radical scavenging activity (%) for each 
concentration relative to a blank absorbance was calculated using the following equation: 

ABTS (%) = (A control-A sample)/(A control) × 100  

where A control represents the initial concentration of the ABTS⋅+ and A sample is the absorbance of the 
remaining concentration of ABTS⋅+ in the presence of the sample. Trolox was used as a positive control. 

2.5. Cell culture 

Ciliate Tetrahymena pyriformis, wild strain (E, ATCC 30005), was used in this study. Tetrahymena 

pyriformis cells were aseptically cultured at 25 oC in a PPYG medium [1.5% (w/v) peptone, 0.25% (w/v) 
yeast extract and 0.2% (w/v)] glucose supplemented with penicillin G (100 U/mL) and streptomycin 
(100 µg/mL) to prevent bacterial growth in the culture medium. Log-phase culture was used for the 
different experiments. The cells were used in a final concentration of 1×104. cells/mL. 

2.6. Cell treatments and viability assay  

Cells were maintained in a PPYG medium supplemented with a panel of concentrations of H2O2 
(50, 150, 250, 350, 450 and 550 µM) and sodium nitroprusside (SNP) (0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 mM) 
in order to determine the 50% inhibitory concentrations (IC50). To evaluate the protective effects of 
olive and argan oil against hydrogen peroxide- and SNP-induced cytotoxicity, the cultures of T. 

pyriformis cells were supplemented with non-toxic concentrations of each one of the oils dissolved in 
ethanol 0.15% at different concentrations [0.25, 0.5, 0.75, 1.25 and 1.5% (v/v) oil in ethanol 0.15%]. 
Cells treated with ethanol only (0.15%) were used as the control. To determine the adequate 
concentration of ethanol used as the vehicle for oils (0.15%), prior experiments were carried out by 
adding ethanol at different concentrations (0.1, 0.15, 0.3, 0.6, 1.2 and 2.4%] to the culture medium, and 
assessing cell viability. All treatments were maintained for 24h. 

In order to assess T. pyriformis viability, the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) test was performed according to the protocol described by [41]. Cells were incubated 
with MTT at a final concentration of 0.05 mg/ml for 3 hours at 37 °C. Afterwards, the cell suspension 
was centrifuged at 4000 g for 5 min, the supernatant was discarded and the formazan crystals in the 
pellet were dissolved by the addition of 500 µL of DMSO. The optical densities were revealed by 
spectrophotometry at 540 nm. The viability of T. pyriformis cells was calculated as percentage 
compared to the control following the formula: % Viability = (OD experiment/OD control) × 100%. 

2.7. Localization and quantification of cellular ROS by Fluorescence Microscopy (FM) 

After 24 hours of treatment, T. pyriformis cells were collected by centrifugation at 4000 g for 10 
min then incubated with DCFH2-DA (2’,7’-dichlorodihydrofluorescein diacetate) (Calbiochem) to a 
final concentration of 10µM prepared in MES (2-[N-morpholino] ethanesulfonic acid)-KCl buffer (5 
µM KCl, 50 µM CaCl2, 10 mM MES, pH 6.15) for 30 min at 37 °C. Cells were subjected to a wash step 
in fresh buffer for 15 min, stained with Hoechst dye and then imaged in a Nikon Eclipse Ti-U inverted 
microscope fitted with a CoolLed pI-300White epifluorescence excitation device, by using 
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sequentially the ultraviolet and then the blue ranges of excitation. Negative controls were treated 
with MES-KCl buffer only. The intensity of the green fluorescence in each cell was quantified by 
image J software using cells treated as above but omitting the fluorophore as the control. Both average 
and standard deviation were calculated after measurement of a minimum of three images containing 
multiple cells, corresponding to three independent experiments. 

2.8. Detection of intracellular lipid droplets by Nile Red staining 

Nile Red is a fluorescent probe used to reveal intracellular neutral lipid accumulation in the form 
of lipid droplets. After 24h treatment, T. pyriformis cells were collected by centrifugation at 4000 g for 
10 min, washed twice with PBS to eliminate the culture medium residues, and then fixed with 3% 
formaldehyde in PBS for 30 min. After three washes with PBS cells were incubated with Nile red dye 
at a final concentration of 10 µg/ml for 30min at room temperature in the dark [42]. Afterwards, cells 
were washed in fresh buffer, stained with Hoechst dye and imaged in a Nikon Eclipse Ti-U inverted 
microscope fitted with a CoolLed pI-300White epifluorescence excitation device, by using 
sequentially the ultraviolet and then the green ranges of excitation. The intensity of the green 
fluorescence in each cell was quantified by image J software using cells treated as above but omitting 
the fluorophore as the control. Both average and standard deviation were calculated after 
measurement of a minimum of three images containing multiple cells, corresponding to three 
independent experiments. 

2.9. Preparation of cell extracts 

T. pyriformis cells were harvested by centrifugation at 4000 g for 10 min at 4 °C, and then washed 
before been suspended in 1 mL of phosphate buffer (50 mM, pH 7.4). The mixture was homogenized 
using an ULTRA TURRAX homogenizer (Sigma) for 20 min at 4 °C followed by sonication of the 
sample (80 W, 60s). The homogenate was then centrifuged at 4000 g for 10 min at 4 °C. The 
supernatant obtained represents the crude protein extract. 

2.10. Protein assay 

The protein content was measured according to the method described by [43], using bovine 
serum albumin as standard. 

2.11. Total superoxide dismutase (SOD) activity measurement 

The activity of SOD was quantified according to the method of [44]. This method involves the 
inhibition of the photochemical reduction of nitroblue tetrazolium (NBT) in the presence of riboflavin. 
One unit of SOD activity is defined as the amount of enzyme required to inhibit NBT reduction by 50%. 
Briefly, 3 mL of the reaction mixture contained 50 mM sodium phosphate (pH 7.8), 13 mM methionine, 
75 mM NBT, 2 mM riboflavin, 100 mM EDTA, and 200 mL of the enzyme extract. The change in 
absorbance of the sample was then recorded at 560 nm after the production of blue formazan.  

2.12. Catalase (CAT) activity measurement  

Catalase activity was determined by measuring the kinetics of H2O2 disappearance at 240 nm 
according to the method described by [45]. In a 3 mL quartz tank, 0.05 mL of the homogenate was 
added to 1.95 mL of 50 mM phosphate buffer and 1 mL of H2O2 (0.019 M). The optical density was 
followed at 240 nm. The catalase activity was expressed as µmol/min/mg of protein. 

2.13. Glutathione peroxidase (GPX) activity measurement 

The activity of glutathione peroxidase (GPX) was determined using the method of [46]. Briefly, 
1 mL of the homogenate, 0.2 mL of phosphate buffer (0.1 M pH 7.4), 0.2 mL of GSH (4 mM) and 0.4 
mL of H2O2 (5 mM) was incubated at 37 °C for 1 min and the reaction stopped by the addition of 0.5 
mL TCA (5%, w/v). After centrifugation at 1500g for 5 min, aliquot (0.2 mL) from supernatant was 
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mixed with 0.5 mL of phosphate buffer (0.1 M pH 7.4) and 0.5 mL DTNB (10 mM) and absorbance 
recorded at 412 nm. GPX activity was expressed as µmol of GSH consumed/min/mg protein.  

2.14. Determination of the level of glutathione (GSH) 

Glutathione level was evaluated based on the method described by [47]. The reaction mixture 
contained 200µL of TCA (5%) and 400 µL of the protein extract. After centrifugation at 12,000 g for 
10 minutes, 50 µL of the supernatant was removed and added to 100 µL of DTNB (6 mM) and to 
850µL phosphate buffer (50 mM, pH 8). The optical density was measured after 5 minutes at 412 nm. 
Results of glutathione assay were expressed as µmol/mg of protein. 

2.15. Lipid peroxidation measurement  

Lipid peroxidation was determined by the measurement of malondialdehyde (MDA) generated 
by the thiobarbituric acid (TBA) reaction as described by [48]. For analysis, 0.5 ml of the homogenate 
was mixed with 0.5 ml of trichloroacetic acid (TCA, 20%) and 1 ml of thiobarbituric acid (TBA, 0.67%), 
and heated at 100 °C for 15 minutes. After cooling the mixture, 4 ml of n-butanol was added and a 
centrifugation at 3000 g for 15 minutes was performed. The absorbance of the upper phase containing 
the pink pigment was read at 532 nm. MDA levels were determined by using an extinction coefficient 
for MDA–TBA complex of 1.56×105 M-1 cm-1, and expressed as µmol/mg of protein. 

2.16. FM Immunolocalization of SOD, CAT and GPX 

After treatments for 24 hours, cells were collected by centrifugation at 4000 g for 10 min at 4 °C 
and washed twice with HEPES buffer, then fixed with 4% (w/v) paraformaldehyde and 0.2% (v/v) 
glutaraldehyde diluted in HEPES buffer before being embedded in agarose (6%). After that, cells 
were re-suspended in cacodylate buffer (0.03M, pH 7.2) in ice and washed three times 30 min each. 
Samples were dehydrated in ethanol series and embedded in Unicryl resin at −20 °C using ultraviolet 
light. Semithin sections were obtained with a Reichert-Jung Ultracut E microtome using a glass knife. 
Sections were placed on Biobond-coated slides and used for inmunolocalization of superoxide 
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX). Cells permeabilization was 
performed by incubating cells with PBS-Triton X 100 (0.1%), then slides were washed with PBS three 
times 5 min each. Afterwards slides were incubated with 1% BSA, 22.52 mg/mL glycine in PBST (PBS+ 
0.1% Tween 20) for 30 min to block unspecific binding of the antibodies. Slides were then incubated 
with one of the following antibodies: rabbit anti-SOD primary antibody (Agrisera) solution (1:1000 
dilution in blocking buffer), rabbit anti-CAT primary antibody (Agrisera) solution (1:1000 dilution in 
blocking buffer), or rabbit anti-GPX primary antibody (Agrisera) solution (1:1500 dilution in blocking 
buffer) in a humidified chamber for 1 h at room temperature or overnight at 4 °C. The slides were 
washed three times in PBS for 5 min. The secondary antibody (1:1000 solution of goat anti-rabbit IgG 
antibody conjugated to DyLight 488) (Agrisera) was added in 1% BSA for 1h at room temperature in 
the dark and washed three times with PBS for 5 min. The slides were then stained with Hoechst dye 
and then imaged in a Nikon Eclipse Ti-U inverted microscope fitted with a CoolLed pI-300White 
epifluorescence excitation device, by sequentially using the ultraviolet and then the blue ranges of 
excitation. Negative control sections were treated as above but using normal rabbit preimmune 
serum instead of the different antibodies.  

2.17. Statistical Analysis  

Data were statistically analyzed with GraphPad Prism 8.0 soft-ware (GraphPad Software, San 
Diego, CA, USA). They were expressed as mean values ± standard deviations (SD) from at least three 
separate experiments and compared with an ANOVA test followed by a Tukey’s test, which provide 
multiple comparisons and allows to assess any interactions. MTT test and data from phytochemical 
screening tests were compared with a student’s t-test. A p-value less than 0.05 was considered 
statistically significant. 
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3. Results 

3.1. Total polyphenols and flavonoids content 

Table 1 shows several quantitative data regarding chemical characteristics of the oils analyzed. 
Significant differences between the MF and LF fractions extracted from VAO and VOO, oils and the 
non-fractioned oils (TO) were detected. In terms of total polyphenol content, the values ranged from 
80.64 ± 1.32 to 28.31 ± 4.6 mg EAG/g of oil). We noticed that MF always displayed the highest value 
when compared to LF and TO, and this for the two oils, with the MF of VOO showing the highest 
value, followed by the MF of VAO. Table 1 also show similar trends for LFs and TOs than with MFs, 
with the LF and TO of VOO, significantly higher than LF and TO of VAO. 

Table 1. Total phenolic and flavonoids content, and antioxidants activities determined by DPPH, 
FRAP and ABTS of the Methanolic Fraction (MF), Lipidic Fraction (LF) and Total Oil (TO) from Virgin 
Olive Oil (VOO) and Virgin Argan Oil (VAO). All values are means ± standard deviations of data 
from three independent experiments. Means with different asterisks (*) are significantly different 
according to the student’s test compared to VOO. 

 Virgin Olive Oil (VOO) Virgin Argan Oil (VAO) 

 MF LF TO MF LF TO 

Total polyphenols (mg EAG/g dry weight) 80.64±1.32 50.73±1.63 66.72±1.36 76.20±2.33 
31.10±1.69 

*** 
50.85±1.51 

** 

Flavonoids (mg EQ/mg of dry weight) 169±9.24 100.5±9.78 139.36±5.63 
151.18±8.53 

** 
72.72±8.41 

103.48±4.2 
* 

DPPH (% of inhibition) 55.35±1.71 43.76±1.03 54.43±0.99 
47.27±0.68 

** 
39.33±0.88 

42.95±1.03 
** 

FRAP (mg EAA/g of the extract) 71.65±4.33 32.99±2.36 55.68±3.76 
66.76±1.61 

 
33.31±2.76 

51.65±2.58 
 

ABTS (% of inhibition) 49.31±1.48 32.24±1.77 50.11±0.72 
39.26±1.51 

* 
26.50±0.82 55.09±2.24 

3.2. Antioxidant activity and free radical scavenging capacity  

The antioxidant activity and free radical scavenging capacities of the MF, LF and TF of VOO and 
CO were evaluated using the DPPH, ABTS and FRAP assay. The results varied from an oil to another 
and among the fractions in each oil (Table 1). 

3.2.1. DPPH� radical scavenging activity 

DPPH� radical scavenging activity was quantified in terms of percentage inhibition of a pre-
formed free radical by antioxidants in each sample (Table 1). The percentage inhibition of the DPPH� 
radical by the oils and oils fractions varied from 55.35%± 1.71 to 31.67% ± 0.62. The MF of VOO 
showed the highest value, followed by TO from the same oil, both inhibiting the radical over the half. 
In the next places came the MF and TF of VAO that exhibited values of inhibition significantly lower 
than the MF and TF of VOO, respectively. 

3.2.2. FRAP assay 

In order to determine the ferric reducing activity of our samples the FRAP assay was performed. 
The results (Table 1) show a variation between the oils and oil fractions in term of ferric reducing 
capacities. VAO MF and TF showed ferric reducing activity very close to those of MF and TF of VOO 
(less than 8% and 9.5% inferior, respectively). Oppositely, ferric reducing activity of VAO LF was 
even slightly higher than that of VOO LF (1% higher).  
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3.2.3. ABTS�+ radical cation scavenging activity 

In ABTS assay the antioxidant activity of the oil fractions was quantified in terms of percentage 
inhibition of the ABTS�+ radical cations by antioxidants in each sample (Table 1). Within the oils and 
oils fractions the TF of VAO fraction displayed the highest ABTS�+ scavenging capacity, that reached 
(55.09%) compared to the TF of VOO. Oppositely, the MF fraction of VAO showed a significant 
decrease (39.26%) compared to the MF of VOO.  

3.2.4. Determination of potential cytotoxic effects of the treatments 

In order to determine the potential cytotoxicity of H2O2, SNP, ethanol and the two oils (VAO, 
VOO) on T. pyriformis, MTT viability tests were performed after 24h incubation with different 
concentrations of the components, and the results were expressed as a percentage of the viability 
displayed by a control culture (untreated) (Figure 1). Viability of T. pyriformis cells treated with H2O2 

produced statistically relevant reductions of viability even at low concentrations like 50 µM. Viability 
was reduced by 50% when a concentration of 350µM H2O2 was used, and reached a minimum of 
12.88% at the highest concentration tested (550µM) (Figure 1A).  

SNP (Figure 1B) lowered significantly viability starting at a concentration at 0.8 mM. Such 
reduction reached 50% at 1mM, whilst the highest concentration tested (1.4mM SNP) allowed 14.32% 
viability only. Ethanol (Figure 1C), although significantly lowered viability at concentrations higher 
than 1.2% (v/v) (82.87% viability), was used in the present study at much lower concentrations 
(0.15%) as a vehicle for oils. At such concentration, viability was not significantly different than 
untreated controls. 

The treatment with the two oils (Figure 1D–F) had no pronounced effect on viability even 
reaching 1% concentration. Nevertheless, VOO stimulated viability at low concentration over the 
control (112.23%). High viability levels were maintained in the cultures (e.g., 66% in the case of VOO) 
even with a concentration of 1.5% VOO. These results suggest that VAO and VOO at low 
concentrations had no toxic effects on T. pyriformis cells. 

 

Figure 1. Effect of H2O2 (A), SNP (B), ethanol (C), VOO (D) and VAO (E) on T. pyriformis viability 
measured by the MTT test. The values were normalized against the control. The protozoan cells were 
maintained in PPYG medium supplemented with H2O2 [50, 150, 250, 350, 450 and 550 µM], SNP [0.4, 
0.6, 0.8, 1, 1.2 and 1.4 mM] oils [0.25, 0.5, 0.75, 1.25 and 1.5% in ethanol] and ethanol [0.1, 0.15, 0.3, 0.6, 
1.2 and 2.4%] for 24h. Prior to incubation with MTT at 0.05 mg/ml. All values are means ± SD (n = 3). 
An asterisk indicates values that were significantly different (P ≤0.05) from control group. 

3.2.5. Fluorescence detection of ROS by H2-DCFDA in challenged cultures 

To assess the putative anti-oxidative activity of VAO and VOO, we examined the generation of 
intracellular ROS by using a H2-DCFDA staining assay of T. pyriformis cells in culture. Treatments 
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used include VOO, VAO and the combined treatment VOO-H2O2 and VAO-H2O2 (Figure 2A,C). The 
presence of green fluorescence revealed the cellular distribution of ROS in a quantitative manner. 
ROS were broadly present in most cellular compartments (Figure 2B). One-way ANOVA multiple 
comparison Tukey test analysis of FM quantification data showed that the treatment with H2O2 
(Figure 2C) significantly increased ROS generation by control cells. Also, the treatment with either 
VOO or VAO significantly lowered the amounts of ROS generated by the cells in comparison with 
the control cells, independently of whether H2O2 was added to the culture (Figure 2C). No statistical 
differences were detected between the effects of VOO or VAO themselves. 

 

Figure 2. (A): FM images of T. pyriformis cells exposed to the different treatments, and stained with 
H2-DCFDA ROS staining dye. Left panel in (A) shows transmitted light images combined with DAPI 
detection of nuclei, whereas right panel in (A) shows identical images captured after blue excitation 
(H2-DCFDA). The intensity of the green fluorescent staining differs among the treatments applied 
(control, H2O2, H2O2 + VOO, H2O2 + VAO, VOO and VAO). (B): Large magnification image of the 
control cells shown in (A). Fluorescence is present in most cell compartments. (C): Quantification of 
green fluorescence intensity as percentage of intensity compared to the control culture (100%). 
Original measurement was performed as arbitrary units/µ2 using imageJ software. The values were 
expressed as mean±SD (n = 10). A multiple comparative analysis between the groups was carried out 
using a one-way ANOVA test followed by a Tukey’s test. A p-value less than 0.05 was considered 
statistically significant. The statistically significant differences between the groups are indicated by 
different letters, a: comparison versus control, b: comparison versus H2O2. Scale bars represent 50 µm. 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 11 September 2023                   doi:10.20944/preprints202309.0644.v1

https://doi.org/10.20944/preprints202309.0644.v1


 10 

 

3.2.6. Effects of oxidative treatments on the presence of lipids and lipid droplets 

Nile red (9-diethylamino-5H-benzo[a]phenoxazine-5-one), has been widely used as a vital stain 
for the detection of intracellular lipids and lipid droplets/lipid bodies by fluorescence microscopy 
and flow cytofluorometry. We report here the use of Nile red as a rapid and inexpensive method to 
estimate cellular lipids of T. pyriformis by the direct application of the dye to fixed cells without any 
extraction or purification. 

To assess the potential effects of the different components assayed here on the presence of lipid 
components in T. pyriformis cells in culture, we used Nile red after the oxidative induction treatments, 
which included the combined treatment VOO-H2O2 and VAO-H2O2, as well as additional controls 
consisting of VOO and VAO oils (Figure 3A). FM observations show both diffuse orange fluorescence 
in the cytoplasm of T. pyriformis cells, as well as abundant discrete signals corresponding to lipid 
droplets (Figure 3B). Statistical analysis of fluorescence intensity data showed that the treatment with 
H2O2 significantly increased overall lipid staining in cells treated with H2O2 alone, in comparison 
with the control group (Figure 3C). When VAO or VOO were added to the culture medium, the 
intensity of green fluorescence remained, or was restored to levels statistically similar to that of 
control cultured cells in the absence of H2O2, independently of whether the oils were co-incubated or 
not with H2O2. The effect of VAO was even stronger than that of VOO, as fluorescence with VOO in 
the presence of H2O2 did not statistically differ of the control cells treated with H2O2 (Figure 3C). 

 

Figure 3. (A): FM images of T. pyriformis cells exposed to the different oxidative treatments, and 
stained with Nile red staining dye. Left panel in (A) shows transmitted light images combined with 
DAPI detection of nuclei, whereas right panel in (A) shows identical images captured after green 
excitation. The intensity of the orange fluorescent staining differs among the treatments applied 
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(control, H2O2, H2O2 + VOO, H2O2 + VAO, VOO and VAO). (B): Large magnification image of the 
control cells shown in A. Fluorescence is present in the form of diffuse orange cytoplasmic staining 
(squares) together with discrete orange spots likely representing lipid droplets (white arrows). (C): 
Quantification of orange fluorescence intensity as percentage of intensity compared to the control 
culture (100%). Original measurement was performed as arbitrary units/µ2 using imageJ software. 
The values were expressed as mean±SD (n = 10). A multiple comparative analysis between the groups 
was carried out using a one-way ANOVA test followed by a Tukey’s test. A p-value less than 0.05 
was considered statistically significant. The statistically significant differences between the groups are 
indicated by different letters, a: comparison versus control, b: comparison versus H2O2, Scale bars 
represent 50 µm. 

3.2.7. Effects of nitrosative treatments on the presence of lipids and lipid droplets 

Nile red was used again to assess the potential effects of nitrosative induction treatments, which 
included the combined treatment VOO-SNP and VAO-SNP, as well as additional controls consisting 
of VOO and VAO oils (Figure 4A). As shown before, FM observations show both diffuse orange 
fluorescence in the cytoplasm of T. pyriformis cells, as well as abundant discrete signals corresponding 
to lipid droplets (Figure 4B). Statistical analysis of fluorescence intensity data show that the 
treatments with SNP, or with VOO or VAO oils either alone or in combination with SNP do not 
significantly alter overall lipid staining of control cells (Figure 4C). However, cells treated with VOO 
and SNP display a significantly higher level of fluorescence than cells treated just with VOO. An 
analogous relationship was detected after comparing cells treated with VAO in combination SNP and 
just VAO (Figure 4C). 
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Figure 4. (A): FM images of T. pyriformis cells exposed to the different nitrosative treatments, and 
stained with Nile red staining dye. Left panel in (A) shows transmitted light images combined with 
DAPI detection of nuclei, whereas right panel in (A) shows identical images captured after green 
excitation. The intensity of the orange fluorescent staining differs among the treatments applied 
(control, SNP, SNP + VOO, SNP + VAO, VOO and VAO). (B): Large magnification image of the control 
cells shown in A. Fluorescence is present in the form of diffuse orange cytoplasmic staining (white 
squares) together with discrete orange spots likely representing lipid droplets (white arrows). (C): 
Quantification of orange fluorescence intensity as percentage of intensity compared to the control 
culture (100%). Original measurement was performed as arbitrary units/µ2 using imageJ software. 
The values were expressed as mean±SD (n = 10). A multiple comparative analysis between the groups 
was carried out using a one-way ANOVA test followed by a Tukey’s test. A p-value less than 0.05 
was considered statistically significant. The statistically significant differences between the groups are 
indicated by different letters, c: comparison versus VOO, d: comparison versus VAO. Scale bars 
represent 50 µm. 

3.2.8. Effect of oxidative stress treatment on the activity of key antioxidant enzymes and substrates 

The first line of defense against oxidative stress include different enzymes like superoxide 
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX), which represent key factors in 
cell defense strategy against oxidation process, together with antioxidants like glutathione. Also, 
assessment of oxidation products like malondialdehyde may help to identify the effects of the 
treatments on the T. pyriformis cells. 

Figure 5 shows the effects of VOO and VAO on the specific activities of several antioxidant defense 
enzymes in H2O2-stimulated T. pyriformis cells. Treatment with 350 µM of H2O2 significantly increased 
enzyme activities like SOD (1470.35±220.21 vs. 3110.82±158.88 IU/mg of proteins p≤0.02), catalase 
(1592.29±432.47 vs. 669.19±168.35 IU/mg of proteins p≤0.05), and GPX (56.16±2.59 vs. 17.30±0.16 IU/mg 
of proteins p≤0.002). GSH content was also significantly increased (56.80±1.95 vs. 19.49±0.25 µmoles/mg 
of protein p≤0.001), as well as the presence of MDA (209.76±8.51 vs. 41.88±3.71 µmoles/mg of protein 
p≤0.001) in control cells treated with H2O2 alone compared to untreated control cells. Noteworthy, the 
treatment of the cells with either VOO or VAO significantly lowered the enhancement of the activity of 
the enzymes SOD, CAT and GPX and the levels of GSH and MDA caused by H2O2, which became again 
statistically similar (with the exception of catalase activity), to the basal levels displayed by control cells 
without the treatment with H2O2. In most cases, the treatment with the oils further diminished the level 
of antioxidant activity or the presence of GSH or MDA to levels significantly lower than the basal ones 
present in untreated control cells. Several small differences were detected between VOO and VAO in 
their capacity of eliciting these effects (Figure 5). 

3.2.9. Effect of nitrosative stress treatment on the activity of key antioxidant enzymes and substrates 

Different results were observed when cells were treated with the nitric oxide (NO) donor, 
sodium nitroprusside (SNP) instead of H2O2. The results (Figure 6) show that SNP induces a decrease 
in catalase (230,27±33.31 vs. 669.191±168.35 IU/mg of protein p≤0.03), SOD (749.94±96.11 vs. 
1470.35±220.21 IU/mg of protein p≤0.01) and GPX (6.25±0.11 vs. 17.30±0.16 IU/mg of protein p≤0.001) 
activities, as well as in GSH (6.03±0.19 vs. 19.49±0.25 µmol/mg of protein p≤ 0.0006) and MDA. The 
cotreatment SNP-VOO and SNP-VAO increased significantly the level of SOD (332 and 322.51% 
p≤0.004) compared to SNP-treated group, whereas oils cotreatments conveyed no significant effect 
on catalase rate. Finally, the treatment SNP-VOO exhibited a significant increase in GPX level, 
(205.72% p≤0.03) compared to SNP-treated group. 
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Figure 5. Effect of VOO and VAO on key antioxidant enzymes and metabolites involved in the 
oxidative stress induced by H2O2 treatment of T. pyriformis cultures. The activity of SOD (A), CAT (B) 
and GPX (C) were evaluated, as well as the levels of GSH (D) and MDA (E). T. pyriformis cells were 
maintained in PPYG medium supplemented with VOO and VAO at 5%. H2O2 treatment was 
performed using a concentration of 350 µM for 24 h. All values are means ± SD (n=3). A multiple 
comparative analysis between the groups was carried out using a one-way ANOVA test followed by 
a Tukey’s test. A p-value less than 0.05 was considered statistically significant. The statistically 
significant differences between the groups are indicated by different letters, a: comparison vs. control, 
b: comparison vs. H2O2, c: comparison vs. VOO, d: comparison vs. VAO, e: comparison vs. H2O2 + 
VOO, f: comparison vs. H2O2 + VAO, h: comparison vs. SNP +VOO. 

 

Figure 6. Effect of VOO and VAO on key antioxidant enzymes and metabolites involved in the 
nitrosative stress induced by SNP treatment of T. pyriformis cultures. The activity of SOD (A), CAT (B) 
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and GPX (C) were evaluated, as well as the levels of GSH (D) and MDA (E). T. pyriformis cells were 
maintained in PPYG medium supplemented with VOO and VAO at 5%. SNP treatment was performed 
using a concentration of 350 µM for 24 h. All values are means ± SD (n=3). A multiple comparative 
analysis between the groups was carried out using a one-way ANOVA test followed by a Tukey’s test. 
A p-value less than 0.05 was considered statistically significant. The statistically significant differences 
between the groups are indicated by different letters, a: comparison vs. control, g: comparison vs. SNP, 
c: comparison vs. VOO, d: comparison vs. VAO, h: comparison vs. SNP + VOO. 

3.2.10. Immunocytochemical evidence of the effects of oxidative and nitrosative stress treatments on 
the presence of key antioxidant enzymes 

In order to determine whether the changes observed in the activity of the three key antioxidant 
enzymes SOD, CAT and GPX may become a consequence of a divergence in the level or localization 
of such enzymes, immunolocalization of the three enzymes was performed in the cultures using FM 
immunofluorescence approaches.  

• Figure 7 shows the cellular distribution of SOD in T. pyriformis cells. The enzyme localizes both 
as a green fluorescence diffuse signal in the cytoplasm of T. pyriformis cells, as well as in the form 
of discrete spots, which may correspond to mitochondria (Figure 7A,B). 

Conspicuous changes in the level of fluorescence occur concomitantly with the treatments. Thus, 
cell treatment with H2O2 produced a significant increase of the presence of SOD enzyme of 367.27% 
(p≤0.004), which becomes restored to a level similar to that of the H2O2-untreated cells when H2O2 
was added to the culture concomitantly with either VOO or VAO (Figure 7A,C). Treatment with SNP 
itself did not alter significantly the level of SOD enzyme (Figure 7A,D); however, the joint treatment 
of SNP with either VOO or VAO significantly enhanced the levels of the immunodetected SOD 
compared to the control untreated cells, and compared to the cultures treated with the oils (VOO or 
VAO) individually added to the culture, which did not alter the levels of SOD in comparison with 
the control untreated cells. (Figure 7A,C,D). Significant difference was detected in the effect of the 
addition of VAO to the cultures compared with the addition of VOO regarding the levels of 
immunodetected CAT (Figure 8D). 

• The effects of the assayed treatments on the cellular distribution of CAT in T. pyriformis cells are 
shown in Figure 8. The enzyme mainly localizes as discrete spots, which may correspond to 
peroxisomes as well as in the nuclei (Figure 8A,B). 

The treatments with H2O2, SNP and VOO and VAO produced significant changes in the presence 
of the enzyme in the T. pyriformis cells. Similarly to SOD, cell treatment with H2O2 produced a 
significant increase of the presence of CAT enzyme of 215.5% p≤0.03, which became restored to a 
level similar to that of the H2O2-untreated cells when H2O2 was added to the culture concomitantly 
with either VOO or VAO (Figure 8A,C). Treatment with SNP itself did not alter significantly the level 
of SOD enzyme (Figure 8A,D). In this case, the joint treatment of SNP with either VOO or VAO did 
not modify the levels of the immunodetected CAT compared to the control untreated cells, as neither 
did the treatments of the cultures with the oils (VOO or VAO) individually added to the culture. (Fig 
8A, C-D). Significant difference was detected in the effect of the addition of VAO to the cultures 
compared with the addition of VOO regarding the levels of immunodetected CAT (Figure 8D). 
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Figure 7. (A): Immunofluorescence detection of SOD in T. pyriformis cells under different oxidative 
and nitrosative stress conditions of culture, and in the presence of the VOO and VAO oils. Left panel 
in A shows transmitted light images combined with DAPI detection of nuclei, whereas right panel in 
A shows identical images captured after blue excitation. The intensity of the green fluorescent staining 
differs among the treatments applied (control, H2O2, H2O2 + VOO, H2O2 + VAO, SNP, SNP + VOO, 
SNP + VAO, VOO and VAO). (B): Large magnification image of the control cells shown in A. 
Fluorescence is present in the form of diffuse green cytoplasmic staining (white squares) together 
with discrete green spots likely representing organelles (white arrows). (C,D): Quantification of green 
fluorescence intensity as percentage of intensity compared to the control culture (100%). (C) refers to 
oxidative vs. control conditions, whereas (D) refers to nitrosative vs. control conditions. Original 
measurement was performed as arbitrary units/µ2 using imageJ software. The values were expressed 
as mean±SD (n = 10). A multiple comparative analysis between the groups was carried out using a 
one-way ANOVA test followed by a Tukey’s test. A p-value less than 0.05 was considered statistically 
significant. The statistically significant differences between the groups are indicated by different 
letters, a: comparison versus control, b: comparison versus H2O2, c: comparison vs. VOO, d: 
comparison vs. VAO, h: comparison vs. SNP + VOO. Scale bars represent 50 µm. 
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Figure 8. (A): Immunofluorescence detection of CAT in T. pyriformis cells under different oxidative 
and nitrosative stress conditions of culture, and in the presence of the VOO and VAO oils. Left panel 
in (A) shows transmitted light images combined with DAPI detection of nuclei, whereas right panel 
in (A) shows identical images captured after blue excitation. The intensity of the green fluorescent 
staining differs among the treatments applied (control, H2O2, H2O2 + VOO, H2O2 + VAO, SNP, SNP + 
VOO, SNP + VAO, VOO and VAO). (B): Large magnification image of the control cells shown in (A). 
Fluorescence is present in the form of discrete green spots likely representing organelles (white 
arrows). (C,D): Quantification of green fluorescence intensity as percentage of intensity compared to 
the control culture (100%). (C) refers to oxidative vs. control conditions, whereas (D) refers to 
nitrosative vs. control conditions. Original measurement was performed as arbitrary units/µ2 using 
imageJ software. The values were expressed as mean±SD (n = 10). A multiple comparative analysis 
between the groups was carried out using a one-way ANOVA test followed by a Tukey’s test. A p-
value less than 0.05 was considered statistically significant. The statistically significant differences 
between the groups are indicated by different letters, a: comparison vs. control, b: comparison vs. 
H2O2, h: comparison vs. SNP + VOO. Scale bars represent 50 µm. 

• Figure 9 displays the effects of the assayed treatments on the cellular distribution of GPX in T. 

pyriformis. As showed in Figure 9A,B, the enzyme mainly localizes as discrete spots, which may 
correspond to mitochondria as well as in the nuclei. 
Several of the treatments assayed produced significant changes in the presence of the GPX 

enzyme in the T. pyriformis cells. Cell treatment with H2O2 produced a significant increase of the 
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presence of GPX enzyme of 365.31 p≤0.03, which became restored to a level similar to that of the 
H2O2-untreated cells when H2O2 was added to the culture concomitantly with VOO (Figure 9A,C). 
Such restoration, although visible was not statistically significant for H2O2 when cultured 
concomitantly with VAO (Figure 9A,C). Treatment with SNP itself did not alter significantly the level 
of GPX enzyme (Figure 9A,D). In this case, the joint treatment of SNP with VOO did modify the levels 
of the immunodetected GPX compared to the control untreated cells, but this effect was not observed 
with the joint treatment of SNP with VAO. Our observations also detected that VAO treatment joint 
with H2O2 was statistically different to the VOO treatment joint with H2O2 regarding the levels of 
immunodetected CAT (Figure 9D). 

 

Figure 9. (A): Immunofluorescence detection of GPX in T. pyriformis cells under different oxidative 
and nitrosative stress conditions of culture, and in the presence of the VOO and VAO oils. Left panel 
in (A) shows transmitted light images combined with DAPI detection of nuclei, whereas right panel 
in (A) shows identical images captured after blue excitation. The intensity of the green fluorescent 
staining differs among the treatments applied (control, H2O2, H2O2 + VOO, H2O2 + VAO, SNP, SNP + 
VOO, SNP + VAO, VOO and VAO). (B): Large magnification image of the control cells shown in A. 
Fluorescence is present in the form of diffuse green cytoplasmic staining (white squares) together 
with discrete green spots likely representing organelles (white arrows). (C,D): Quantification of green 
fluorescence intensity as percentage of intensity compared to the control culture (100%). (C) refers to 
oxidative vs. control conditions, whereas (D) refers to nitrosative vs. control conditions. Original 
measurement was performed as arbitrary units/µ2 using imageJ software. The values were expressed 
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as mean±SD (n = 10). A multiple comparative analysis between the groups was carried out using a 
one-way ANOVA test followed by a Tukey’s test. A p-value less than 0.05 was considered statistically 
significant. The statistically significant differences between the groups are indicated by different 
letters, a: comparison vs. control, b: comparison vs. H2O2, c: comparison vs. VOO, d: comparison vs. 
VAO, h: comparison vs. SNP + VOO, i: comparison vs. SNP + VAO. Scale bars represent 50 µm. 

4. Discussion 

Overall, our data concerning the chemical composition of the oils used here are in good 
agreement with those present in the literature available. Thus, phenolic total amount of olive oil 
varies from 100 to 1000 mg/Kg oil [49,50]. They are also consistent with those observations made by 
[51,52], regarding virgin argan oil, which presents lower polyphenol content than virgin olive oil but 
a higher content than other edible vegetable oils.  

For flavonoids determination assay, differences in the amount of these compounds were 
detected between the methanolic fractions of VOO, which were significantly higher than those of 
VAO and TF. This profile was similar in the case of flavonoids present in the TF fractions of the two 
oils. However, such differences where less relevant in the flavonoids present in the LF fractions, 
which were higher in VOO than in VAO and TF, but were only statistically significant in the later. 
Phenolic total amount and flavonoids composition of oils varies depending on cultivars, place of 
origin, extraction methods and storage conditions [53,54]. 

Both oils used in the present work have a good antioxidant capacity, based on the different 
determinations carried out, well within the figures described in the literature. Thus, the results of the 
ABTS radical scavenging assay fall well within the range of 0.19 and 0.87 mmol Trolox/kg described 
by [51] as regards to DPPH anti radical scavenging capacity for argan virgin oils. FRAP is basically a 
hydrophilic antioxidant assay that does not respond well to lipophilic antioxidants [55], therefore 
explaining the results obtained with the LF fractions of the oils. Enhanced radical scavenging effect 
of VAO observed here can be explained by its high total tocopherol content that in argan oils have 
been described to range from 427.0 mg/kg to 654.0 mg/kg [4,52,56]. The two oils used here are 
therefore representative of these oils. 

Our results show that the addition of the oils may help to control or mitigate oxidative stress 
conditions artificially triggered in T. pyriformis cell cultures at physiological levels not limiting cell 
viability. Such effects were assessed in a large number of key parameters. Thus, H2O2 is detected by 
the H2-DCFDA fluorochrome, and also promotes generation of other ROS which cause oxidative 
stress and cytotoxicity and may lead to cell death [57–60]. The ROS scavenging effect observed here 
after concomitant treatment with VOO and VAO likely reflects the effects of the presence of 
antioxidant components in both oils. Thus, olive oil contains numerous antioxidant components, 
which include an unsaponifiable fraction, monounsaturated and polyunsaturated fatty acids, and a 
fraction composed of natural antioxidants such as carotenoids, phytosterols, flavonoids, α-
tocopherol, and other phenolic compounds (reviewed by [61]. These authors indicate that olive tree 
polyphenols are major antioxidant components in VOO, and include flavonols, lignans and 
glycosides in particular. Olive glycosides are iridoids (monoterpenes derived from geraniol), whose 
cleavage produces secoiridoids and iridoid derivatives, which are mainly found in glycated form in 
the olive, as also in other Oleaceae plants and in general in the plant subclass Asteridae [62].  

Several of these secoiridoids display slight additional chemical modifications and receive 
specific names, like the most abundant one in VOO (oleuropein in its glucose-bound form), elenolic 
acid, oleacein, oleocanthal, or ligstroside aglycone. Additional polyphenols include verbascoside, the 
caffeoylrhamnosylglucoside of HT, 1-acetoxypinoresinol and pinoresinol (two lignans) [61,63,64]. 

Referred to VAO, unique composition and properties is characterized by its richness in minor 
compounds such as tocopherols, sterols (schottenol and spinasterol), phenols (ferulic, syringic and 
vanillic acid) and vitamin E, with potential ROS scavenger properties [65–67]. Moreover, there is a 
large number of studies providing evidence that the radical scavenging activity of VOO is strictly 
correlated with its polyphenol content [68–71]. 
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A previous work [72] describes several effects of argan oil on T. pyriformis cultures treated with 
H2O2, which include several markers in common with the present one. The present work additionally 
stablishes a valuable comparison between both oils (VAO and VOO), with different origins and well 
valuated in the food marker. 

Additional markers have been assessed in our present work. Thus, the use of fluorescence 
detection of ROS by H2-DCFDA in challenged cultures of T. pyriformis represents a quick and simple 
procedure to identify the presence of ROS (mainly H2O2) in numerous biological systems [73]. 
Fluorescence measurements are sensitive enough to clearly make visible the changes in ROS 
concentrations either as increment of fluorescence in response to the H2O2 treatment, or as lowered 
fluorescence generated in the cells after co-cultivation with both oils.  

Fluorescence labeling of lipids and lipid bodies by Nile red was also able to dissect the response 
of the cultures to the different conditions assayed. Lipid droplets consist of a core of neutral lipid, 
including triacylglycerol and cholesteryl ester, surrounded by a phospholipid monolayer [74]. We 
report here the use of Nile red as a rapid and inexpensive method to estimate cellular lipids of T. 

pyriformis by the direct application of the dye to fixed cells without any extraction or purification. 
Oxidative stress trigger intracellular lipid droplets accumulation [75–77]. Lipid droplets may serve 
as energy reservoirs, sources of lipid for membrane biosynthesis, or storage sites for potentially toxic 
lipid species [78]. In this work, quantification of Nile red fluorescence allows to identify the balancing 
effects of both oils on the increased fluorescence caused by H2O2, and is even able to identify 
differences between both oils. 

Complementary to the previous work on T. pyriformis carried out by [72], the present work also 
explores the effects of nitrosative stress on T. pyriformis cultures, by testing a broad range of 
concentrations of the NO donor sodium nitroprusside (SNP) (0.4, 0.6, 0.8, 1.0, 1.2 and 1.4 mM). NO is 
a free radical indispensable for cell signaling [79], that when produced at high concentrations can be 
reduced or oxidized and thereby leads to nitrosative stress. SNP had been used by many authors to 
induce nitrosative stress in different cell models [80–82]. 

The use of nitrosative stress conditions in the cultures, also produced an increase in the levels of 
fluorescence by Nile red, similar to that observed when oxidative stress conditions were applied. 
Such increase could be caused by the presence of cooperative (oxidative/nitrosative) pathways, 
However, the fact that co-cultivation with neither VOO nor VAO was unable to revert such increase 
of lipids, and that both co-incubations even increased the level of Nile red fluorescence account for 
the presence of a different mechanism, not so far identified clearly in the literature according to our 
knowledge. In a human T-lymphocyte cell line (Jurkat), palmitic acid (PA) treatment has been shown 
to increase neutral lipid content in a dose-dependent manner, as assessed by Nile Red [83]. The added 
PA was incorporated into all lipid classes analyzed (triglycerides, cholesterol ester, phospholipids, 
and free fatty acids). The authors of this study additionally observed that the PA treatment resulted 
in nitrosative stress by inducing the production of reactive nitrogen species (RNS), for example, NO. 
A similar effect might be triggered here by the addition of the oils to the cultures, as they contain 
certain amounts of PA. Further analyses should be necessary in order to dissect the nature of the 
induced effects in this case. 

As we have seen here, and has been widely reported, H2O2 is an agent known for its capacity to 
induce oxidative stress in T. pyriformis and many other cell model [84–87]. The elevation of the activity 
of antioxidant enzymes may be observed here as a sign of the existence of strong oxidative processes 
that the cells try to contest by the increase in CAT, SOD and GPX activities. These results are in 
accordance with those of [72,88] and also with [89] in the case of the enzyme glyceraldehyde-3-
phosphate dehydrogenase (GAPDH, EC 1.2.1.12). Interestingly, this effect was significantly and 
completely reversed by the co-treatments with VAO and VOO. Such oils played an important role in 
enhancing cells ability to cope with the oxidative stress induced by H2O2 through the presence of a 
high level of antioxidant molecules in their composition. Their effect was reflected here by the 
significant decrease of the activity and level of the different enzymes and the GSH and MDA rate in 
the co-treated groups. Such VAO and VOO capacities in monitoring CAT, SOD and GPX activities 
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under oxidative stress have been widely demonstrated in other studies carried out in rats and 
humans [90–92]. 

The induction of nitrosative stress by SNP produced an increase in the activities of the 
antioxidant enzymes analyzed here (CAT, SOD, GPX) as well as in the levels of GSH and MDA. 
Again, it is difficult to attribute this effect to a particular mechanism. There is a biologically active 
interplay between ROS and RNS signals that modulates cellular responses to environmental stimuli. 
Several authors have described a number of candidate mechanisms through which ROS, antioxidant 
molecules and RNS cross-talk. They include redox-based post-translational protein modifications, 
the generation of ONOO− through the reaction of O2·− with NO, the reaction between reduced 
glutathione (GSH) and nitric oxide (NO) to form GSNO and others [89,93–95]. Thus, the production 
of NO from SNP can mimic and even trigger the induction of an oxidative condition, with a 
concomitant increase of antioxidant activities as described by [96], in the same way that we have 
detected in the present work with lipids and at the enzymatic level. 

However, we have shown here that co-cultivation with either VOO or VAO in the presence of 
SNP not even failed to revert the levels of antioxidant enzymes and molecules to those of the control, 
but even enhanced such levels. This fact could be attributed to the absence of specific anti-nitrosative 
components in VOO/VAO oils, in a way in which continued NO signaling occurs as the result of the 
SNP treatment, and concomitant oxidative condition therefore continues.  

Such hypothesis must be confirmed in future studies through additional assays, which might 
include treatments with NO scavengers, additional NO donors like GSNO, and/or monitoring of NO 
levels [90]. At this last regard, the use of quantitative fluorochromes, chemiluminescence, 
electrochemical or highly resolutive and quantitative methods like EPR (electron paramagnetic 
resonance) combined with NO spin traps would be of application [97]. 

Immunofluorescence localization of antioxidant enzymes is a powerful way to analyze the 
specific localization of these proteins as well as to characterize their presence in a quantitative way, 
among other advantages like for example determining their potential co-localization [98]. It has been 
used in numerous organisms, including plants, animals, invertebrates, parasites, bacteria and human 
tissues [99–102]. In the present work, antibodies with a recognized cross-reactivity among species 
were used, showing in all cases a subcellular distribution compatible with that cited in the literature 
for these enzymes. Thus,  

The immunocytochemical evidence of the presence of the enzymes obtained here by means of 
quantification of the immunofluorescence clearly parallels the changes in enzyme activities described 
before through enzyme activity assays. Therefore, the changes in SOD, CAT and GPX in response to 
the treatments seem to be a consequence of modifications in the levels of the corresponding enzymes, 
more than to inductory or inhibitory aspects of their activity. Immunocytochemical methods also 
confirm the previous observations concerning the antioxidant properties of both VOO and VAO in 
co-incubation experiments, together with the likely absence of specific anti-nitrosative compounds 
hypothesized for these oils. 

In this context, continued treatment with NO donor + OVO/OAO may conduct to the formation 
of nitro fatty-acids, considered of high relevance at both physiological and nutritional level because 
of their regulatory and anti-inflammatory actions [103,104]. Such potential interactions must be also 
monitored in the future. 

5. Conclusions 

Virgin Argan Oil and Virgin Olive Oils used in this work shown a large proportion of 
polyphenols and flavonoids, together with high antioxidant and free radical scavenging capacity, 
comparable with those displayed in commercial oils analyzed in the literature. 

The conditions used in the present work to induce both oxidative and nitrosative stress do not 
compromise viability of the T. pyriformis cultures, as neither did the treatments with the oils or the 
vehicles used to generate oil extracts. 
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Both fluorescent probes H2-DCFDA and Nile Red have been successfully used to monitor the 
presence of ROS and their effect on lipid/lipid bodies, respectively, and have served to determine the 
effectivity of the stress treatments applied and the capacity of both oils to modulate the induced stress. 

Both oxidative and nitrosative inductions caused a relevant increase in the activities of different 
antioxidant enzymes and oxidative molecule markers, which was reverted by the application of oils 
concomitantly to the stress agent. However, nitrosative stress induction was not reverted by such co-
cultivation. The reasons and the consequences of this lack of response in the presence of the oils has 
to be further analyzed, although several hypotheses focus into the absence of anti-nitrosative 
components in the oils, or the involvement of complex interactions between the pathways regulating 
the levels of both ROS and RNS in cell systems.  

Immunolocalization of the antioxidant enzymes analyzed here confirms previous observations 
in a quantitative manner, pointing to transcriptional and translational mechanisms of control more 
than to the action of postraduccional modifications or changes in enzyme activity, although such 
modifications cannot be discarded.  
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