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Abstract: Opuntia ficus-indica (OFI) is a cactus that is widely cultivated in the Kingdom of Saudi
Arabia especially in the Taif region due to its favorable weather for growing, and it has benefits
as a food and traditional medicine. The aim of the current study was to chemically characterize
Opuntia ficus-indica seed oil from Taif, Kingdom of Saudi Arabia, using GC-MS and HPLC analysis
and evaluate its antioxidant, antiviral, antifungal, antibacterial and anticancer activities. Linolenic
acid was the dominating fatty acid in OFI oil, followed by oleic acid, linoleic acid, palmitic acid and
stearic acid. Total tocopherol (α-, β-, γ-tocopherol) was found to be 24.02 µg/mL. Campesterol was
the main phytosterol, followed by γ- & β -sitosterol, and Stigmasterol. The phenolic components
scored 30.5 mg gallic acid equivalent per ml of oil with 89.2% antioxidant activity (% DPPH radical
inhibition) at 200 µL/mL of OFI oil. OFI oil showed an inhibition efficacy against microbial strains
especially Saccharomyces cervisiae with a diameter (28.3± 0.4), MBC (15 µg/mL) and MIC bacteriostatic
(10 µg/mL). While OFI oil had no effect against Aspergillus niger, OFI oil showed weak inhibitory
activity against A-2780 (Ovarian carcinoma) cell line, although it showed significant inhibitory activity
against PC-3 (Prostate carcinoma) cell line. OFI oil exhibited an antiviral effect (22.67 ± 2.79%) at
300 µg/mL of Oil against herpes simplex type 2 (HSV-2) virus. The bioactive compounds of OFI oil,
as well as its main biological activities, make it a promising candidate for the non-communicable
disease management.

Keywords: Opuntia ficus-indica; fixed oils; antioxidant; antifungal; antibacterial; antiviral; cytotoxicity

1. Introduction

Botanical medicines are widely used due to their reliable efficacy, reduced side effects
and relative economic cost [1]. Nowadays, the demand for nutrients, natural components
and health-boosting foods is permanently increasing [2,3]. There are about 2,253 medicinal
plants in various regions of the Kingdom of Saudi Arabia [4,5]. Opuntia ficus-indica (OFI)
of the family Cactaceae, known as prickly pear, comprises about 1500 species [6]. It was
originally grown in different regions of Saudi Arabia especially in the City of Taif for the
edible prickly pear fruit and consumed by local populations as an important food source [7].
Moreover, the OFI plant is widely spread in South America, Australia, South Africa and
the Mediterranean area [8]. It is a tropical or subtropical plant up to five meters high with a
thick, woody stem [9].

Various studies have shown that prickly pear seed oil is edible, and with potential
importance to the agriculture industry [10]. Many researchers have been interested in
studying the phytochemical profile of the seed oils of two Opuntia species O. ficus-indica
and O.dillenii and have found that the two seed oils are rich in very active molecules, such
as unsaturated fatty acids, sterols, tocopherols and polyphenols [3,11].
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The highest benefit of this oil due to its high amount of polyunsaturated fatty acids,
especially linoleic and linolenic acids, which have potential health avails due to their roles
as the eicosanoids biosynthesis precursors [3,12]. Oil extraction by cold screw pressing is
an alternative method and has been found to be a substitute to extraction of solvent [13].
This process has the advantage of being less oil producing than others, but is safer, simpler,
less expensive, hygienic, no chemical residue and ecologically friendly [14]. Cold pressed
oils improve the quality of oil and rich with bioactive components such as essential fatty
acids, sterols, tocopherol, and phenolics [15].

To our knowledge, there are few studies about Opuntia ficus-indica seed oil growing in
Saudi Arabia. Therefore, the aim of current study was to chemically characterize Opuntia
ficus-indica seed oil growing in Saudi Arabia using GC-MS and HPLC analysis and evaluate
its antioxidant, antiviral, antifungal, antibacterial and anticancer activities.

2. Materials and Methods
2.1. Oil Extraction

Seeds of Opuntia ficus-indica were collected from Taif City. Natural oil 100% extracted
by cold pressing using a screw extractor in a local maesarat, Taif, Saudi Arabia. Finally, the
oil was stored at 20 ◦C until analysis.

2.2. Identification of Opuntia ficus-indica Seed Oil
2.2.1. Fatty Acid Composition

Fatty acid analysis was carried out in triplicate, consisting of two successive steps,
fatty acid methyl ester (FAME) preparation and chromatographic analysis. Lipids-extract
esterification was performed according to the method of [16]. Determination of fatty acid
methyl esters was performed by comparing their retention times with pure standards.
Their quantification according to their percentage are taken out by the peak integration.
Data were expressed as individual fatty acids percentages in the lipid fraction.

2.2.2. Sterols and the Various Components

Gas chromatography/mass spectrophotometer was used for the identification and
quantification of sterols and the various components of Opuntia ficus-indica oil. Sterols were
converted to trimethylsilyl (TMS) ether derivatives prior to analysis by gas chromatog-
raphy [17]. Sterols were analyzed as their TMS ethers by capillary gas chromatography
with flame ionization detection. The GC parameters were as previously described [17].
Identification of sterols and various components was based on relative retention times
of commercially-available compounds, comparison with literature data [18,19] and mass
spectral analyses (NIST/EPA/NIH 1999). Quantitative data were calculated by comparing
the average peak area of the component to the total areas.

2.2.3. Tocopherols

Tocopherol Analysis was performed by HPLC-(Agilent 1100), consisting of two LC-
pumps and a UV/Vis detector with a C18 column (125 mm × 4.60 mm, 5 µm particle
size). Agilent ChemStation is used to analyze the obtained Chromatograms. Conditions of
Chromatography were as previously described [20].

2.2.4. Determination of Total Phenolic Compounds

Total phenolic compounds (TPC) in Opuntia ficus-indica seed oil were determined
spectrophotometrically according to the colorimetric method of Folin–Ciocalteu [21]. Data
expressed as mg gallic acid equivalent (GAE) per ml of oil.

2.3. Antioxidant Activity by Free Radical Scavenging Assay:

The free radical scavenging activity was estimated using 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical as illustrated by [22]. The positive control was BHT. Results expressed
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as % of inhibition of the DPPH radical (Equation (1)). The IC50 is equivalent to 50% of
DPPH inhibition.

% o f inhibition o f the DPPH radical =

Abscontrol −
(

Abssample − Absblank

)
Abscontrol

× 100 (1)

Abscontrol = The DPPH absorbance
Abssample = The sample absorbance
Absblank = The ethanol negative control absorbance

2.4. Antimicrobial Activity of Opuntia ficus-indica Seed Oil
2.4.1. Microbial Strains

The OFI oil’s antimicrobial activity was determined versus seven pathogenic microor-
ganisms mentioned in the following: Gram-positive bacterial strains (Staphylococcus aureus,
Bacillus subtilis); Gram-negative strains (Escherichia coli, and Klebsiella pneumoniae); a strain
of yeast (Saccharomyces cerevisiae) and fungi (Aspergillus niger, Penicillium digitatum). All
pathogenic isolates were obtained from department of microbiological laboratories, Faculty
of science, Cairo University, after its isolation and identification. Oxytetracycline (OT30)
and penicillin (P10) were used as positive control [23,24].

2.4.2. Antimicrobial Activity

Disk diffusion agar method was used to determine the antibacterial and antifungal
activities of OFI oil [25]. Microdilution assay for bacterial strains by using sterile Mueller–
Hinton media and for antifungal tests potato dextrose agar (Scharlab, S.L, Barcelona, Spain)
was performed. Cell suspensions (0.1 mL) of bacterial strains were adjusted to 108 CFU/mL
Cell Forming Units and 105 spores/mL for fungus by MacFarland, and then inoculated
onto the surface of agar plates. Then, sterile discs were made (3 mm in diameter) into
inoculated plates, and 25 µL of oil filled into each disc. Dishes were placed for 2 h to
allow the oil to diffuse and incubated at 37 ◦C for 48 h for yeast, 24 h for bacterial strains,
and 3–4 days for fungi. The negative control was carried out without oils. Antimicrobial
activity was calculated by measuring the area of inhibition zone around the discs. Strains
tests were replicated three times.

2.4.3. Evaluation of MIC and MBC

The broth dilution method was used to determine Minimum Inhibitory Concentration
(MIC) of OFI oil against microorganisms. Pre-modified 0.01mL microbial strains were
inoculated into tubes containing. 50.0, 45.0, 40.0, 35.0, 30.0, 25.0, 20.0, 15.0, 10.0, 5.0 µL/mL
OFI oil and incubated 24 h at 37 ◦C. The results were evaluated by showing visible growth
inhibition of microbial tubes (no turbidity). The Minimum Bactericidal Concentration
(MBC) was introduced by subculture, in which partition of the ~10 µL of each tube invisible
growth used in MIC onto Mueller–Hinton agar medium and at 37 ◦C, 24 h. Colony growth
was examined, and all tests were repeated three times.

2.5. Cytotoxic Assay of Opuntia ficus-indica Seed Oil
2.5.1. Mammalian Cell Line

Vero cell (derived from the kidney of African green monkey), PC-3 cell line (Prostate
carcinoma), and A2780 cell line (Ovarian carcinoma) were purchased from the American
Type Culture Collection (ATCC, Manassas, VA, USA). The cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM) boosted with 10% heat-inactivated fetal bovine serum,
1% L-glutamine, buffer of HEPES and 50 µg/mL gentamycin. The cells were maintained at
37 ◦C in a humidified 5% CO2 atmosphere and were subcultured twice a week [26].
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2.5.2. Cytotoxicity Evaluation

The cytotoxicity of fixed oil against each cell lines (Vero, PC-3 and A-2780) were
determined through MTT colorimetric method by [27]. The 50% inhibitory concentra-
tion (IC50), the concentration demanded to produce toxic effects in 50% of healthy cells,
was determined.

2.5.3. Antiviral Evaluation

The cytopathogenic herpes simplex type (2HSV-2) virus was propagated and assayed
in confluent Vero cells [28]. Spearman–Karber method was used to enumerate infectious
viruses by determining the tissue culture infectious dose 50% (TCID50) with eight wells per
dilution and 20 µL of inoculum per well [29].

Antiviral Activity

The cytopathic effect inhibition assay was used to estimate the antiviral screening.
This assay will be chosen to demonstrate specific inhibition of a biological function, and the
MTT method was used to measure a cytopathic effect in sensitive mammalian cells [30,31].
Acyclovir was used as positive control in this assay.

2.6. Statistical Analysis

Statistical analysis of data was carried out using GraphPad Prism 5. The data were
analyzed for statistical significance by the one-way analysis of variance, followed by
Tukey’s multiple comparison tests. The data represented as mean ± standard error (SE).
Data at p < 0.05 were considered significant.

3. Results
3.1. Fatty Acid Composition

Table 1 summarizes the data of fatty acid composition, total saturated fatty acids
(SFA), monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) of Opuntia
ficus-indica seed oil. The five major fatty acids were linolenic acid (C18:3), oleic acid
(C18:1) linoleic acid (ω 6; C18:2) followed by palmitic acid (C16:0) and stearic acid (C18:0),
representing, respectively 50.69, 21.10, 14.00, 6.73 and 5.74%. Minimal quantities of myristic
(C14:0), margaric (C17:0), palmitoleic (C16:1), Arachidic (C20:0), Eicosanoic (Gondoic)
(C20:1), Behenic (C22:0), and Erucic (22:1) fatty acids were also identified and quantified.
Polyunsaturated fatty acids were the major group of fatty acids, representing 64.69, followed
by monounsaturated fatty acids 22.30% and saturated fatty acids 12.98%. The ratio of
saturated/unsaturated acid of Opuntia ficus-indica seed oil was 0.1, which is low due to the
high quantity of unsaturated fatty acid such as C18:3n9, C18:1n9 and C18:2n9.

Table 1. Fatty acids percentage of Opuntia ficus-indica seed oil.

Fatty Acids %

Saturated fatty acids

Myristic acid C14:0 0.05

Palmitic acid C16:0 6.73

Margaric acid C17:0 0.06

Stearic acid C18:0 5.74

Arachidic acid C20:0 0.23

Behenic acid C22:0 0.17
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Table 1. Cont.

Fatty Acids %

Monounsaturated fatty acids

Palmitoleic acid C16:1 0.10

Oleic acid C18:1 21.10

Eicosanoic acid (Gondoic acid) C20:1 0.34

Erucic acid C22:1 0.76

Polyunsaturated fatty acids

Linoleic acid C18:2 14.00

Linolenic acid C18:3 50.69

Σ SFA 12.98

Σ MUFA 22.30

Σ PUFA 64.69

3.2. Tocopherol Content

Table 2 revealed that Opuntia ficus-indica seed oil has a high tocopherol profile, which
consists of α-, γ- and β-tocopherols. These results showed that total tocopherol was found
to be 24.02 µg/mL, where β-tocopherol was found to be the main form of tocopherols in
OFI oil scored 42.21%, γ-tocopherol scored 41.13%, and α-tocopherol scored 16.65%.

Table 2. Tocopherol content of Opuntia ficus-indica seed oil.

Compound RT Concentration
µg/mL

A-Tocopherol 5.0 4.00

γ-Tocopherol 7.0 9.88

B-Tocopherol 11.0 10.14

Total tocopherols - 24.02

3.3. GC-MS Analysis of Opuntia ficus-indica Seed Oil

Totally 21 components were identified through GC-MS according to their peak area
and retention time as shown in Table 3 and Figure 1. The studied oil contain differ-
ent percentages of the major phytosterols, β & γ -sitosterol, Stigmasterol, Campesterol,
Stigmast-5-en-3 ol, (3á,24S), which represents (1.67, 2.05,1.36, 4.15, 2.34%) for OFI oil. Fur-
thermore, other constituents detected in the OFI oil in different percentages, such as alcohol
triterpenic (9,19-Cyclolanost-24-en-3-ol,acetate, (3á)) or Cycloartenol (3.24%). Esters of fatty
acid were found, such as Hexadecanoic acid, methyl ester (6.95%), 9,12,15-Octadecatrienoic
acid, methyl ester, (Z,Z,Z)- (5.52%), 7,10,13-Eicosatrienoic acid, methyl ester (7.52%), 9-
Octadecenoic acid, 12-hydroxy-, methyl ester, [R-(Z)]- (6.88%), 6,9,12-Octadecatrienoic
acid, methyl ester (0.88%), 13-Docosenoic acid, methyl ester (15.10%), Docosanoic acid,
methyl ester (0.89%), Eicosanoic acid, methyl ester (4.00%), Tetracosanoic acid, methyl ester
(2.19%), Hexacosanoic acid, methyl ester (1.58%). Aromatic compounds (phenolics) were
found, such as 1H-Purin-6-amine, (2fluorophenyl)methyl)- (4.75%), (flavonoids) such as
3′,4′,7-Trimethylquercetin (1.77%), 6,8-di-c-á-glucosylluteolin (1.37%).
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Table 3. GC-MS analysis of Opuntia ficus-indica seed oil.

Compound Name RT Area % Molecular
Formula

Molecular
Weight

Hexadecanoic acid, methyl ester
(Palmitic acid, methyl ester) 7.59 6.95 C17H34O2 270

9,12,15-Octadecatrienoic acid,
methyl ester, (Z,Z,Z)-

(Linolenic acid, methyl ester)

9.13
9.65

5.52
8.97 C19H32O2 292

7,10,13-Eicosatrienoic acid,
methyl ester (Methyl

eicosa-7,10,13-trienoate)
11.55 7.52 C21H36O2 320

9-Octadecenoic acid,
12-hydroxy-, methyl ester,

[R-(Z)]-
(Methyl ricinoleate)

11.81 6.88 C19H36O3 312

Eicosanoic acid, methyl ester
(Arachidic acid—methyl ester) 11.87 4.00 C21H42O2 326

Stigmast-5-en-3 ol,(3á,24S)- 12.01 2.34 C29H50O 414

6,9,12-Octadecatrienoic acid,
methyl ester 12.31 0.88 C19H32O2 292

13-Docosenoic acid, methyl ester 12.74 15.10 C23H44O2 352

Tetracosanoic acid, methyl ester 14.25 2.19 C25H50O2 382

Docosanoic acid, methyl ester
(Behenic acid, methyl ester) 15.53 0.89 C23H46O2 354

Hexacosanoic acid, methyl ester 15.59 1.58 C27H54O2 410

6,8-di-c-á-glucosylluteolin 16.45 1.37 C27H30O16 610

á-Sitosterol 16.76 1.67 C29H50O 414

1H-Purin-6-amine,
(2fluorophenyl)methyl)- 17.49 4.75 C12H10FN5 243

Campesterol 18.04 4.15 C28H48O 400

Stigmasterol 18.30 1.36 C29H48O 412

ç-Sitosterol 19.07 2.05 C29H50O 414

9,19-Cyclolanost-24-en-3-ol,
(3á)-(Cycloartenol) 19.98 3.24 C30H50O 426

3′,4′,7Trimethylquercetin 22.80 1.77 C18H16O7 344

3.4. Total Phenolic Contents

Our study revealed that OFI oil has a total phenolic content of 30.5 mg Gallic acid
equivalents (GAE)/mL oil.

3.5. Scavenging Activity against DPPH

The scavenging activity of OFI oil versus free radical DPPH recorded a high inhibition
rate of 89.2 % at 200 µL/mL of oil (IC50 value: 42.12µg/mL) as compared to beta hydroxy
butyrate BHT (IC50 = 57.10µg/mL) as reference scored 80.40%.
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Figure 1. GC-MS analysis of Opuntia ficus-indica seed oil.

3.6. Antimicrobial Activity

Table 4 and Figure 2 summarize the antimicrobial potency of the OFI oil using the disc
diffusion method. OFI oil was able to inhibit all tested strains with varying diameter from
9.4 to 28.4 mm, except Aspergillus niger which showed greater resistance to OFI oil without
zone of inhibition (Table 4). The least efficacy of OFI oil against Pen.digitatum (fungus)
was recorded by region (9.4 ± 0.5), while the most sensitive strain was Saccharomyces
cerevisiae with a diameter (28.3 ± 0.4 mm) compared to (9.2 ± 0.6 mm) of Oxytetracycline
as a positive control. Diversity of antibacterial power in OFI oil; E. coli as Gram-negative
bacteria was more sensitive than the S. aureus as Gram-positive bacteria by area of inhibition
(21.2 ± 0.2 mm) and (17.3 ± 0.4 mm) respectively. MIC and MBC value were determined
to generate the specific dose and nature activity of the OFI oil for use as bacteriostatic
or bactericidal. MIC and MBC values in the OFI oil differed according to resistance of
microbial strains examined. The lowest MIC and MBC were recorded at 10, 15 µg/mL and
15, 20 µg/mL OFI oil against Saccharomyces cerevisiae and E.coli respectively.

Table 4. Measurement of inhibition zone diameter, Minimum Inhibition Concentration MIC, and
Minimum Bactericidal Concentration of Opuntia ficus-indica seed oil.

Microbial
Species

Zone of
Inhibition (mm,
Mean ± SEM)

MIC
(µg/mL)

MBC
(µg/mL)

* Oxytetracy-
cline
30 mg

* Penicillin
10 mg

S. aureus 17.3± 0.4 20 25 ND _____

B. subtilis 14.4 ± 0.5 25 35 5.1 ± 0.5 _____

E. coli 21.2 ± 0.2 15 20 17.0 ± 0.3 _____

K.pneumoniae 18.3 ± 0.4 20 25 ND _____

S. cerevisiae 28.3 ± 0.4 10 15 9.2 ± 0.6 _____

Asp.niger ND ND ND ND ND

Pen.digitatum 9.4 ± 0.5 35 40 _____ 4.4 ± 0.5
* (OT30) and (P10) were used as positive controls: ND; Not detected.
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Figure 2. The antimicrobial potency of the OFI oil against tested microbial strains. OFI oil (O),
negative control (N), positive control (P).

3.7. Cytotoxic Activity

Results revealed that OFI oil exhibited highest cell viability (99.63± 0.45%) at 250 µg/mL
of oil against Mammalian cells from African green monkey kidney (Vero) cells. In case of A-
2780 (Ovarian carcinoma) cell line, OFI oil showed weak inhibitory activity (0.72 ± 0.64%,
15.31 ± 1.25%) at 250,500 µg/mL of Oil respectively. Although in the case of PC-3
(Prostate carcinoma) cell line, OFI oil showed significant inhibitory activity (69.33± 2.19%,
83.06 ± 1.78%) at 250,500 µg/mL of oil respectively with IC50 = 110.28 ± 2.16 µg/mL.
Figure 3 represented the microscopic observation of the prostate carcinoma cells (PC3)
treated with different concentrations of Opuntia ficus-indica seed oil.

Figure 3. Microscopic observation of the cytopathic effects (morphological alterations) of the
prostate carcinoma cells (PC3) treated with Opuntia ficus-indica seed oil concentrations (A) Control;
(B) 20 µg/mL; (C) 100 µg/mL; (D) 500 µg/mL. Figure is at 100×magnification.

3.8. Antiviral Activity

Results revealed that OFI oil exhibited low viral inhibition rate (Antiviral effect %)
(22.67 ± 2.79%) at 300 µg/mL of oil against herpes simplex type 2 (HSV-2) virus as com-
pared with Acyclovir (93.70 ± 1.19%) as a positive control at 20 µg/mL of it.

4. Discussion

The fatty acid composition study of the seed oil of O. ficus-indica has shown that this oil
belongs to the class of “polyunsaturated” oils [12]. Our results are in agreement with those
published by [32] stated that linolenic acid represents the major component of fatty acids
in the oil of total lipids of O. dillenii, and also the study by [33] where they reported that
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O. ficus-indica oil contains 20.19% of oleic acid, 12.24% of palmitic acid and 3.69% of stearic
acid. Also, other fatty acids were identified in minimal quantities in this oil: palmitoleic,
myristic, arachidic and behenic. On the contrary, [33] reported that linoleic acid represents
the main fatty acid. Furthermore; the fatty acid composition of cactus grown in various
regions is significantly different. It is known that this composition is strongly affected by
the climatic factors and the type of soil in which it was grown [34].

The high level of total tocopherols is the peculiarity of cactus seed oils [35–37]. Our
data are concordant with that previously published by [35,37,38] reported that O. ficus-indica
oil is very rich in tocopherols, generally β-tocopherol, γ-tocopherol, α-tocopherol. Toco-
pherols, also called Vitamin E, are an important family of lipophilic compounds which
have antioxidant activity where the interest is determining the tocopherols composition in
O. ficus-indica seed oil. Our results concluded that the O. ficus-indica oil is rich in toco-
pherols (24.02 µg/mL). Thus, high content of vitamin E, seen in oils, may contribute to
significant oxidative stability [39].

Our study revealed that the O. ficus-indica seed oil contains phytosterols, esterified
fatty acids and organic acids with varied percentage. Our data are concordant with that
previously published by [3,11,37–40], which stated that O. ficus-indica seed oil is the rich-
est in sterol constituent, compared to oils from other Opuntia species. The next main
sterol component of Opuntia oil was campesterol, which is effective for the inhibition of
proinflammatory cytokines [41] and inducing cell cycle arrest and prostaglandin release in
response to the increased ROS level [42].

The radical scavenging activity of DPPH is one of the accreditation methods for
investigating the antioxidant activity of plant extracts [43]. The scavenging activity against
free radical DPPH of OFI oil scored a high inhibition rate of 89.2 % at 200 µL/mL of oil as
compared to butylated hydroxytoluene (BHT) as reference scored 80.40%. While the total
phenolic content was 30.5 mg gallic acid equivalents (GAE)/mL oil, this was in the same
line with [44]. The scavenging activity and phenolic components increased by increasing
the concentration of OFI oil concentration. The higher antioxidant activity observed in OFI
may be relative to higher levels of phenolic compounds and other tocopherols, and sterols
present in it. The effect of relationship of phenolic composition in the antioxidant capacity
is a well-known fact [45]. The antioxidant potential of OFI oil attributed to its bioactive
compounds such as flavonoids, polyphenols, chlorophylls, carotenoids, and tocopherols
against the harmful effects of free radicals that cause pathophysiological condition such
as diabetes, cardiovascular diseases, and degenerative disorders such as dementia and
Parkinson’s disease [46–48]. The study of [49] showed that phenolic compounds play a role
in extending the food’s shelf-life and act as antioxidants in many biological systems. Ref [50]
reported that, in vitro, the inhibition of lipid peroxidation attributed to their ability to isolate
free radicals and act as metal chelators, which increased by increasing concentration of OFI
oil. In this aspect, [51] concluded that there was a significant relationship between phenolic
content and DPPH root scavenging in all examined leafy vegetables (r = 0.993, p < 0.5).
They have shown high efficacy in free radical scavengers due to their redox properties,
which can play an essential role in the uptake and neutralization of free radicals, and the
quenching of single and triple oxygen or decomposition peroxides.

Phytosterols play key roles in many areas such as nutrition (anticancer properties),
medicine (therapeutic production steroids), and cosmetics (creams, lipstick). Further-
more, they have been suggested to have anti-inflammatory, antibacterial, antifungal,
antioxidant, anti-ulcerative and antitumor activities [52–54]. Moreover, our study re-
vealed that the OFI oil contain esterified fatty acids, alcohol triterpenic (Cycloartenol),
Propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl),6,8-di-c-á-glucosylluteolin,
3′,4′,7Trimethylquercetin, Hexadecanoic acid, methyl ester, 9,12,15-Octadecatrienoic acid,
methyl ester, (Z,Z,Z)-which have antioxidant, anti-inflammatory, antibacterial and anti-
fungal, anticancer, hemolytic and 5-alphareductase inhibitor cancer enzyme inhibitors in
pharmaceutical, cosmetics, and food industry actions as reported by other studies [55–60].
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From the result of this paper, Saccharomyces cerevisiae showed a high sensitivity to
OFI oil. These data are similar to the results observed by [61] that S.cerevisiae had area of
inhibition (38–40 mm), while Candida albicans (yeast) exhibited smaller area of inhibition
against oil red: Opuntia ficus- indica. Cactus pear seed oil is rich in compounds that lead to
have antimicrobial activity; many researchers have come to the similar results [62]. The
antimicrobial effect of OFI oil was varied may be due to a variable chemical component
of the oil [63]. The present data revealed OFI oil had antibacterial activity against gram
negative bacteria that is inconsistent with [61], who demonstrated that antimicrobial effect
of OFI oil against Salmonella Typhi as a Gram-negative bacterium was not detected. This
paper showed that OFI oil is more effective against Gram-negative bacteria than Gram-
positive bacteria, and is incompatible with [64], and the opposite result may be related
to less permeable outer membrane [65]. These results indicated that the effect of OFI
oil on Escherichia coli was in the same line with [64]. They concluded that Pseudomonas
aeruginosa was more resistant than Escherichia coli, due to its outer membrane rich with
lipopolysaccharides, which makes it less permeable [66]. Another reason for resistance
exclusion systems, is the pumps that extrude antimicrobial compounds from inside the
cell before they cause infection [67]. The present study showed that OFI oil had the lowest
bacteriostatic concentration (10 µg/mL (MIC)) and bactericidal concentration (15 µg/mL
(MBC) on S. cerevisiae). These data are similar to the results observed by [68] that the OFI
oil exerts both a bactericidal and bacteriostatic effects against Enterobacter cloacae.

Our study revealed that OFI oil showed weak inhibitory activity against A-2780
(Ovarian carcinoma) cell line, although, in the case of PC-3 (Prostate carcinoma) cell line,
OFI oil showed significant inhibitory activity. These data are similar to the results of [69],
who investigated the in vitro chemoprevention effect of prickly pear seed oil at various
concentrations (0.01, 0.1, 1, 10, 100 M) versus the growth of HepG2 and Colo-205 cells. On
contrary, ref [70] stated that the prickly pear seed extracts taken from different cultivars of
prickly pear showed no toxicity to colon, prostate or breast cancer cells in the concentration
range of 0.2–0.16 g/mL estimated by the MTT assay. Many in vitro studies have shown
that PUFAs have growth-inhibitory and pro-apoptotic effects on various kinds of cancer
cell lines [71]. For this reason, the inhibitory effect of OFI oil is due to the high content of
PUFAs (linolenic acid and linoleic acid), which are compounds known for their anticancer
effect in cancer cells. The α-tocopherol is a predominant component of Opuntia ficus-indica
oils accounting for 56 mg/kg in oil. The potential health effects of α-tocopherol are
powerful as antioxidant effects and the active form of vitamin E that protects the body from
cardiovascular and cancer disease. As γ-tocopherol is more powerful than α-tocopherol
in preventing prostate cancer cell growth, reducing oxidative DNA damage, scavenging
complex and mutagenic and nitrifying oxidative stress [34,72–74]. These data are similar
to the results of [75], who concluded that OFI oil may have anti-cancer therapeutic effects
against colon cancer and adenocarcinoma cell lines. This effect could be elucidated by
inducing programmed cell death (apoptosis). OFI seed oil is rich with unsaturated fatty
acids (USFA) such as oleic acid (omega-9) plus to β-sitosterol, which led to reducing
prostaglandin concentrations (PGE2), and myeloperoxidase activity (MPO) in the inflamed
tissues. It has an anti-inflammatory effect [76]. The interest in plant materials containing
phenolic compounds is increasing due to their high antioxidant efficacy, which may provide
protection against cancer by inhibiting oxidative damage, known to be a possible cause of
mutation [77].

Our results revealed that OFI oil exhibited low viral inhibition rate against herpes
simplex type 2 (HSV-2) virus in the same line of the only report on antiviral activity of
the Opuntia genus is by [78], who found an antiviral effect of the crude extract of Opuntia
streptacantha Lem. against some viruses of human, horses and mice in cell culture.
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5. Conclusions

Our data concluded that the cold pressing oil of Opuntia ficus-indica, produces in-
teresting bioactive compounds such as fatty acids, tocopherols, sterols, flavonoids and
polyphenols, as well as its main biological potentials such as, antioxidant, antiviral, anti-
fungal, antibacterial and anticancer potentials, making it a promising candidate for the
application in pharmacology and cosmetics industry.

Author Contributions: Conceptualization, H.H.; methodology, H.H., L.M.A.M., A.A.Z. and A.S.A.;
validation, L.M.A.M., H.H., A.S.A. and A.A.Z.; formal analysis, H.H. and A.A.Z.; investigation,
H.H., L.M.A.M., A.A.Z. and A.S.A.; resources, H.H. and L.M.A.M.; data curation, A.A.Z. and A.S.A.;
writing—original draft preparation, H.H., L.M.A.M., A.A.Z. and A.S.A.; writing—review and editing,
H.H. and A.A.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

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

Sample Availability: Samples of the compounds are available from the authors.

References
1. Abdallah, H.M.; Almowallad, F.M.; Esmat, A.; Shehata, I.A.; Abdel-Sattar, E.A. Anti-inflammatory activity of flavonoids from

Chrozophora tinctoria. Phytochem. Lett. 2015, 13, 74–80. [CrossRef]
2. Trombetta, D.; Puglia, C.; Perri, D.; Licata, A.; Pergolizzi, S.; Lauriano, E.R.; De Pasquale, A.; Saija, A.; Bonina, F.P. Effect of

polysaccharides from Opuntia ficus-indica (L.) cladodes on the healing of dermal wounds in the rat. Phytomedicine 2006, 13, 352–357.
[CrossRef]

3. El Mannoubi, I.; Barrek, S.; Skanji, T.; Casabianca, H.; Zarrouk, H. Characterization of Opuntia ficus indica seed oil from Tunisia.
Chem. Nat. Compd. 2009, 45, 616–620. [CrossRef]

4. Collenette, S. Checklist of Botanical Species in Saudi Arabia; International Asclepiad Society: West Sussex, UK, 1998; p. 78.
5. Aati, H.; El-Gamal, A.; Shaheen, H.; Kayser, O. Traditional use of ethnomedicinal native plants in the Kingdom of Saudi Arabia. J.

Ethnobiol. Ethnomed. 2019, 15, 2. [CrossRef] [PubMed]
6. Mulas, M.; Mulas, G. Potentialités d’Utilisation Stratégique des Plantes des Genres Atriplex et Opuntia dans la Lutte Contre la

Désertification; Université des Études de Sassari: Sassari, Italia, 2004.
7. Abdel-Hameed, E.S.S.; Nagaty, M.A.; Salman, M.S.; Bazaid, S.A. Phytochemicals, nutritional’s and antioxidant properties of two

prickly pear cactus cultivars (Opuntia ficus indica Mill.) growing in Taif, KSA. Food Chem. 2014, 160, 31–38. [CrossRef] [PubMed]
8. Leo, M.; Abreu, M.B.; Pawlowska, A.M.; Cioni, P.L.; Braca, A. Profiling the chemical content of Opuntia ficus-indica flowers by

HPLC–PDAESI-MS and GC/EIMS analyses. Phytochem. Lett. 2010, 3, 48–52. [CrossRef]
9. Habibi, Y. Contribution à l’Étude Morphologique, Ultrastructurale et Chimique de la Figue de Barbarie. Les Polysaccharides

Pariétaux: Charactérisation et Modification Chimique. Ph.D. Thesis, Autre. Université Joseph-Fourier-Grenoble I, Saint-Martin-
d’Hères, France, 2004.

10. Inglese, P. Ecologie, Culture Etutilisations du Figuier De Barbarie; Food and Agriculture Organization of the United Nations (FAO):
Rome, Italy, 2019.

11. Ghazi, Z.; Ramdani, M.; Fauconnier, M.L.; El Mahi, B.; Cheikh, R. Fatty acids sterols and vitamin E composition of seed oil of
Opuntia ficus-indica and Opuntia dillenii from Morocco. J. Mater. Environ. Sci. 2013, 4, 967–972.

12. Simopoulos, A.P. The importance of the ratio of omega-6/omega-3 essential fatty acids. Biomed. Pharmacother. 2002, 56, 365–379.
[CrossRef]

13. Martínez, M.; Penci, M.C.; Marin, M.A.; Ribotta, P.D.; Maestri, D.M. Screw press extraction of almond (Prunus dulcis (Miller) D.A.
Webb): Oil recovery and oxidative stability. J. Food Eng. 2013, 119, 40–45. [CrossRef]

14. Thanonkaew, A.; Wongyai, S.; McClements, D.; Decker, E.A. Effect of stabilization of rice bran by domestic heating on mechanical
extraction yield, quality, and antioxidant properties of cold-pressed rice bran oil (Oryza saltiva L.). LWT Food Sci. Technol. 2012, 48,
231–236. [CrossRef]

15. Teh, S.-S.; Birch, J. Physico-chemical and quality characteristics of cold-pressed hemp 2012, flax and canola seed oils. J. Food
Compos. Anal. 2013, 30, 26–31. [CrossRef]

16. AOAC. Official Methods of Analysis, 15th ed.; Association of Official Analytical Chemists: Washington, DC, USA, 1997; p. 684.
17. Piironen, V.; Toivo, J.; Lampi, A.-M. Plant sterols in cereals and cereal products. Cereal Chem. 2002, 79, 148–154. [CrossRef]

http://doi.org/10.1016/j.phytol.2015.05.008
http://doi.org/10.1016/j.phymed.2005.06.006
http://doi.org/10.1007/s10600-009-9448-1
http://doi.org/10.1186/s13002-018-0263-2
http://www.ncbi.nlm.nih.gov/pubmed/30626417
http://doi.org/10.1016/j.foodchem.2014.03.060
http://www.ncbi.nlm.nih.gov/pubmed/24799205
http://doi.org/10.1016/j.phytol.2009.11.004
http://doi.org/10.1016/S0753-3322(02)00253-6
http://doi.org/10.1016/j.jfoodeng.2013.05.010
http://doi.org/10.1016/j.lwt.2012.03.018
http://doi.org/10.1016/j.jfca.2013.01.004
http://doi.org/10.1094/CCHEM.2002.79.1.148


Molecules 2022, 27, 5453 12 of 14

18. Mattila, P.; Lampi, A.-M.; Ronkainen, R.; Toivo, J.; Piironen, V. Sterol and vitamin D2 contents in some wild and cultivated
mushrooms. Food Chem. 2002, 76, 293–298. [CrossRef]

19. Kamal-Eldin, A.; Appelqvist, L.; Yosif, G.; Iskander, G.M. Seed lipids of Sesamum indicum and related wild species in Sudan. The
sterols. J. Sci. Food Agric. 1992, 59, 327–334. [CrossRef]

20. Liu, Q.; Scheller, K.K.; Schaefer, D.M. Technical note. A simplified procedure for vitamin E determination in beef muscle. J. Anim.
Sci. 1996, 74, 2406–2410. [CrossRef]

21. Singleton, V.L.; Orthofer, R.; Lamuela-Raventos, R.M. Analysis of total phenols and other oxidation substrates and antioxidants
by means of Folin–Ciocalteau reagent. Method. Enzymol. 1999, 299, 152–178.

22. Abu-Zaid, A.A.; Al-Barty, A.; Morsy, K.; Hamdi, H. In vitro study of antimicrobial activity of some plant seeds against bacterial
strains causing food poisoning diseases. Braz. J. Biol. 2021, 82, e256409. [CrossRef]

23. Somchit, M.N.; Reezal, I.; Nur, I.E.; Mutalib, A.R. In vitro antimicrobial activity of ethanol and water extracts of Cassia alata. J.
Ethnopharmacol. 2003, 84, 1–4. [CrossRef]

24. Morales, F.J.; Jiménez-Pérez, S. Free radical scavenging capacity of Maillard reaction products as related to colour and fluorescence.
Food Chem. 2001, 72, 119–125. [CrossRef]

25. Tagg, J.R.; McGiven, A.R. Assay system for bacteriocins. Appl. Microbiol. 1971, 21, 943. [CrossRef]
26. Vijayan, P.; Raghu, C.; Ashok, G.; Dhanaraj, S.A.; Suresh, B. Antiviral activity of medicinal plants of Nilgiris. Indian J. Med. Res.

2004, 120, 24–29. [PubMed]
27. Mosmann, T. Rapid colorimetric assay for cellular growth and survival: Application to proliferation and cytotoxicity assays. J.

Immunol. Methods 1983, 65, 55–63. [CrossRef]
28. Randazzo, W.; Piqueras, J.; Rodrıguez-Diaz, J.; Aznar, R.; Sanchez, G. Improving efficiency of viability-qPCR for selective detection

of infectious HAV in food and water samples. J. Appl. Microbiol. 2017, 124, 958–964. [CrossRef] [PubMed]
29. Pinto, R.M.; Diez, J.M.; Bosch, A. Use of the colonic carcinoma cell line CaCo-2 for in vivo amplification and detection of enteric

viruses. J. Med. Virol. 1994, 44, 310–315. [CrossRef] [PubMed]
30. Hu, J.M.; Hsiung, G.D. Evaluation of new antiviral agents I: In vitro prospective. Antivir. Res. 1989, 11, 217–232. [CrossRef]
31. Al-Salahi, R.; Alswaidan, I.; Ghabbour, H.A.; Ezzeldin, E.; Elaasser, M.M.; Marzouk, M. Docking and antiherpetic activity of

2-aminobenzo[de]-isoquinoline-1,3-diones. Molecules 2015, 20, 5099–5111. [CrossRef] [PubMed]
32. Liu, W.; Fu, Y.J.; Zu, Y.G.; Tong, M.H.; Wu, N.; Liu, X.L.; Zhang, S. Supercritical carbon dioxide extraction of seed oil from Opuntia

dillenii Haw. and its antioxidant activity. Food Chem. 2009, 114, 334–339. [CrossRef]
33. Tlili, N.; Bargougui, A.; Elfalleh, W.; Triki, S.; Nasri, N. Phenolic compounds, protein, lipid content and fatty acids compositions

of cactus seeds. J. Med. Plants Res. 2011, 5, 4519.
34. Ramadan, M.F.; Mörsel, J.-T. Recovered lipids from prickly pear [Opuntia ficus-indica (L.) Mill] peel: A good source of polyunsatu-

rated fatty acids 4524, natural antioxidant vitamins and sterols. Food Chem. 2003, 83, 447–456. [CrossRef]
35. Matthäus, B.; Özcan, M.M. Habitat effects on yield, fatty acid composition and tocopherol contents of prickly pear (Opuntia

ficus-indica L.) seed oils. Sci. Hortic. 2011, 131, 95–98. [CrossRef]
36. Zine, S.; Gharby, S.; El Hadek, M. Physicochemical characterization of Opuntia ficus-indica seed oil from Morocco. Biosci. Biotechnol.

Res. Asia 2013, 10, 1–7. [CrossRef]
37. Ramadan, M.F.; Mörsel, J.-T. Oil cactus pear (Opuntia ficus-indica L.). Food Chem. 2003, 82, 339–345. [CrossRef]
38. Gharby, S.; Harhar, H.; Charrouf, Z.; Bouzobaa, Z.; Boujghagh, M.; Zine, S. Physicochemical composition and oxidative stability

of Opuntia ficus-indica seed oil from Morocco. Acta Hortic. 2015, 1067, 83–88. [CrossRef]
39. Pope, L.E.; Marcelletti, J.F.; Katz, L.R.; Lin, J.Y.; Katz, D.H.; Parish, M.L.; Spear, P.G. The anti-herpes simplex virus activity of

n-docosanol includes inhibition of the viral entry process. Antivir. Res. 1998, 40, 85–94. [CrossRef]
40. El Adib, S.; Slim, S.; Hamdeni, E. Characterization and comparison of the three cultivars seed oil of Opuntia ficus-indica in Tunisia.

Indo Am. J. Pharm. Sci. 2015, 2, 967–973.
41. Nashed, B.; Yeganeh, B.; HayGlass, K.T.; Moghadasian, M.H. Antiatherogenic effects of dietary plant sterols are associated with

inhibition of proinflammatory cytokine production in Apo E-KO mice. J. Nutr. 2005, 135, 2438–2444. [CrossRef]
42. Awad, A.B.; Burr, A.T.; Fink, C. Effect of resveratrol and β-sitosterol in combination on reactive oxygen species and prostaglandin

release by PC-3 cells. Prostaglandins Leucot. Essent. Fat. Acids. 2005, 72, 219–226. [CrossRef]
43. Brand-William, W.; Cuvelier, M.E.; Berset, C. Use of a free radical method to evaluate antioxidant activity. LWT 1995, 28, 25–30.

[CrossRef]
44. Khémiri, I.; Bitri, L. Effectiveness of Opuntia ficus indica L. inermis seed oil in the protection and the healing of experimentally induced

gastric mucosa ulcer. Oxid. Med. Cell Longev. 2019, 2019, 1568720. [CrossRef]
45. Lien, E.J.; Ren, S.; Bui, H.-H.B.; Wang, R. Quantitative structure-activity relationship analysis of phenolic antioxidants. Free Radic.

Biol. Med. 1999, 26, 285–294. [CrossRef]
46. Sindhu, E.R.; Kuttan, R. Carotenoid lutein protects rats from gastric ulcer induced by ethanol. J. Basic Clin. Physiol. Pharmacol.

2012, 23, 33–37. [CrossRef] [PubMed]
47. Stevenson, D.E. Polyphenols as adaptogens—The real mechanism of the antioxidant effect. In Bioactive Compounds in Phytomedicine;

InTech: Rijeka, Croatia, 2012; pp. 143–162.

http://doi.org/10.1016/S0308-8146(01)00275-8
http://doi.org/10.1002/jsfa.2740590309
http://doi.org/10.2527/1996.74102406x
http://doi.org/10.1590/1519-6984.256409
http://doi.org/10.1016/S0378-8741(02)00146-0
http://doi.org/10.1016/S0308-8146(00)00239-9
http://doi.org/10.1128/am.21.5.943-943.1971
http://www.ncbi.nlm.nih.gov/pubmed/15299228
http://doi.org/10.1016/0022-1759(83)90303-4
http://doi.org/10.1111/jam.13519
http://www.ncbi.nlm.nih.gov/pubmed/28649706
http://doi.org/10.1002/jmv.1890440317
http://www.ncbi.nlm.nih.gov/pubmed/7852976
http://doi.org/10.1016/0166-3542(89)90032-6
http://doi.org/10.3390/molecules20035099
http://www.ncbi.nlm.nih.gov/pubmed/25808153
http://doi.org/10.1016/j.foodchem.2008.09.049
http://doi.org/10.1016/S0308-8146(03)00128-6
http://doi.org/10.1016/j.scienta.2011.09.027
http://doi.org/10.13005/bbra/1099
http://doi.org/10.1016/S0308-8146(02)00550-2
http://doi.org/10.17660/ActaHortic.2015.1067.11
http://doi.org/10.1016/S0166-3542(98)00048-5
http://doi.org/10.1093/jn/135.10.2438
http://doi.org/10.1016/j.plefa.2004.11.005
http://doi.org/10.1016/S0023-6438(95)80008-5
http://doi.org/10.1155/2019/1568720
http://doi.org/10.1016/S0891-5849(98)00190-7
http://doi.org/10.1515/jbcpp-2011-0032
http://www.ncbi.nlm.nih.gov/pubmed/22865447


Molecules 2022, 27, 5453 13 of 14

48. Atwood, C.S.; Huang, X.; Moir, R.D.; Tanzi, R.E.; Bush, A.I. Role of free radicals and metal ions in the pathogenesis of Alzheimer’s
disease. In Metal Ions in Biological Systems: Interrelations Between Free Radicals and Metal Ions in Life Processes; Sigel, A., Ed.;
Routledge: London, UK, 1999; Volume 36, pp. 309–364.

49. Colla, L.M.; Furlong, E.B.; Costa, J.A.V. Antioxidant properties of Spirulina (Arthospira) platensis cultivated under different
temperatures and nitrogen regimes. Braz. Arch. Biol. Technol. 2007, 50, 161–167. [CrossRef]

50. Gershwin, M.E.; Belay, A. Spirulina in Human Nutrition and Health; CRC Press: Boca Raton, FL, USA, 2007; 328p, ISBN 9781420052572.
51. Sahu, R.K.; Kar, M.; Routray, R. DPPH free radical scavenging activity of some leafy vegetables used by tribals of Odisha, India. J.

Med. Plants Stud. 2013, 1, 21–27.
52. Awad, A.B.; Downie, A.; Fink, C.S.; Kim, U. Dietary phytosterols inhibits the growth and metastasis of MDA-MB-231 human

breast cancer cells grown in SCID mice. Anticancer Res. 2000, 20, 821–824. [PubMed]
53. Sudha, T.; Chidambarampillai, S.; Mohan, V.R. GC-MS analysis of bioactive components of aerial parts of Fluggea leucopyrus Willd.

(Euphorbiaceae). J. Appl. Pharm. Sci. 2013, 3, 126–130.
54. Stuchlı’k, M.; Zak, S. Vegetable lipids as components of functional foods. Biomed. Papers 2002, 146, 3–10. [CrossRef]
55. Akihisa, T.; Yasukawa, K.; Yamaura, M.; Ukiya, M.; Kimura, Y.; Shimizu, N.; Arai, K. Triterpene alcohol and sterol ferulates from

rice bran and their anti-inflammatory effects. J. Agric. Food Chem. 2000, 48, 2313–2319. [CrossRef]
56. Ouyang, H.; Kong, X.; He, W.; Qin, N.; He, Q.; Wang, Y.; Wang, R.; Xu, F. Effects of five heavy metals at sub-lethal concentrations

on the growth and photosynthesis of Chlorella vulgaris. Chin. Sci. Bull. 2012, 57, 3363–3370. [CrossRef]
57. Mohamed, A.A.; Ali, S.I.; Darwesh, O.M.; El-Hallouty, S.M.; Sameeh, M.Y. Chemical compositions, potential cytotoxic and

antimicrobial activities of Nitraria retusa methanolic extract sub-fractions. Int. J. Toxicol. Pharmacol. Res. 2015, 7, 204–212.
58. Sayik, A.; Yusufoglu, A.S.; Leyla, A.Ç.; Turer, G.; Aydin, B.; Arslan, L. DNA binding, biological activities and chemical composition

of wild growing Epilobium angustifolium L. extracts from Canakkale, Turkey. J. Turk. Chem. Soc. Sect. 2017, 4, 811–840. [CrossRef]
59. Sosa, A.A.; Suhaila Husaein Bagi, S.H.; Hameed, I.H. Analysis of bioactive chemical compounds of Euphorbia lathyrus using gas

chromatography-mass spectrometry and Fourier-transform infrared spectroscopy. J. Pharmacogn. Phytother. 2016, 8, 109–126.
60. Zhang, Z.L.; Luo, Z.H.; Shi, H.W.; Zhang, L.X.; Ma, X.J. Research advance of functional plant pharmaceutical cycloartenol about

pharmacological and physiological activity. China J. Chin. Mater. Med. 2017, 42, 433–437.
61. Ramírez-Moreno, E.; Cariño-Cortés, R.; Cruz-Cansino, N.; Delgado-Olivares, L.; Ariza-Ortega, J.A.; Montañez-Izquierdo, V.Y.;

Hernández-Herrero, M.M.; Filardo-Kerstupp, T. Antioxidant and antimicrobial properties of cactus pear (Opuntia) seed oils. J.
Food Qual. 2017, 2017, 3075907. [CrossRef]

62. Moosazadeh, E.; Akhgar, M.R.; Kariminik, A. Chemical composition and antimicrobial activity of Opuntia stricta F. essential oil. J.
Biodivers. Environ. Sci. 2014, 4, 94–101.

63. Burt, S. Essential oils: Their antibacterial properties and potential applications in foods—A review. Int. J. Food Microbiol. 2004, 94,
223–253. [CrossRef]

64. Ortega, M.D.L.A.O.; Cruz-Cansino, N.D.S.; Alanís-García, E.; Delgado-Olivares, L.; Ariza-Ortega, J.A.; Ramírez-Moreno, E.;
Manríquez-Torres, J.J. Optimization of ultrasound extraction of cactus pear (Opuntia ficus indica) seed oil based on antioxidant
activity and evaluation of its antimicrobial activity. J. Food Qual. 2017, 2017, 9315360. [CrossRef]

65. Zekaria, D. Los Aceites Esenciales Una Alternativa a los Antimicrobianos. Laboratorios Calier. 2007. Available online: https:
//www.calier.es/pdf/Microsoft_Word__Aceites_esen_como_promotores.pdf (accessed on 20 August 2022).

66. Viuda-Martos, M.; Mohamady, M.A.; Fernández-López, J.; Abd ElRazik, K.A.; Omer, E.A.; Pérez-Alvarez, J.A.; Sendra, E. In vitro
antioxidant and antibacterial activities of essentials oils obtained from Egyptian aromatic plants. Food Control 2011, 22, 1715–1722.
[CrossRef]

67. Gomez-Alvarez, C.A.; Leal-Castro, A.L.; Perez de Gonzalez, P.; Navarrete-Jiménez, M. L Mecanismos de resistenciaen Pseudomonas
aeruginosa: Entendiendo a un peligroso enemigo. Rev. Fac. Med. Univ. Nac. Colomb. 2005, 53, 27–34.

68. Khémiri, I.; Hédi, B.E.; Zouaoui, N.S.; Gdara, N.B.; Bitri, L. The antimicrobial and wound healing potential of Opuntia ficus- indica
L. inermis extracted oil from Tunisia. Hindawi Evid. Based Complement. Altern. Med. 2019, 2019, 9148782. [CrossRef]

69. Abdel Fattah, M.S.; Badr, S.E.A.; Khalil, E.M.; Elsaid, A.S. Feed efficiency, some blood parameters and In-vitro chemoprevention
of prickly pear (Opuntia ficus indica L.) seeds oil growing in Egypt. IBSPR 2020, 8, 20–28.

70. Camarena-Ordonez, D.R.; Gutierrez-Uribe, J.; Hernandez-Brenes, C.; Mertens-Talcott, S. Prickly pear seed extracts with antioxi-
dant and cancer-preventing capacity. FASEB J. 2010, 24, 928.17. [CrossRef]

71. Zhang, C.; Yu, H.; Shen, Y.; Ni, X.; Shen, S.; Das, U.N. Polyunsaturated fatty acids trigger apoptosis of colon cancer cells through a
mitochondrial pathway. Arch. Med. Sci. 2015, 11, 1081–1094.

72. Hasani, N.A.; Yussof, P.A.; Khalid, B.A.K.; Ghapor, M.T.A.; Ngah, W.Z.W. The possible mechanism of action of palm oil
gammatocotrienol and alpha-tocopherol on the cervical carcinoma caski cell apoptosis. Biomed. Res. Int. 2008, 19, 194–200.

73. Zingg, J.M. Modulation of signal transduction by vitamin E. Mol. Asp. Med. 2007, 28, 481–506. [CrossRef]
74. Christen, S.; Woodall, A.A.; Shigenaga, M.K.; Southwell-Keely, P.T.; Duncan, M.W.; Ames, B.N. γ-tocopherol traps mutagenic

electrophiles such as NOX and complements α-tocopherol: Physiological implications. Proc. Natl. Acad. Sci. USA 1997, 94,
3217–3222. [CrossRef]

75. Becer, E.; Kabadayı, H.; Meriçli, F.; Meriçli, A.H.; Kıvançlı, B.; Vatansever, S. Apoptotic effects of Opuntia ficus indica L. seed oils on
colon adenocarcinoma cell lines. Proceedings 2018, 2, 1566.

http://doi.org/10.1590/S1516-89132007000100020
http://www.ncbi.nlm.nih.gov/pubmed/10810360
http://doi.org/10.5507/bp.2002.001
http://doi.org/10.1021/jf000135o
http://doi.org/10.1007/s11434-012-5366-x
http://doi.org/10.18596/jotcsa.319789
http://doi.org/10.1155/2017/3075907
http://doi.org/10.1016/j.ijfoodmicro.2004.03.022
http://doi.org/10.1155/2017/9315360
https://www.calier.es/pdf/Microsoft_Word__Aceites_esen_como_promotores.pdf
https://www.calier.es/pdf/Microsoft_Word__Aceites_esen_como_promotores.pdf
http://doi.org/10.1016/j.foodcont.2011.04.003
http://doi.org/10.1155/2019/9148782
http://doi.org/10.1096/fasebj.24.1_supplement.928.17
http://doi.org/10.1016/j.mam.2006.12.009
http://doi.org/10.1073/pnas.94.7.3217


Molecules 2022, 27, 5453 14 of 14

76. Koshak, A.E.; Abdallah, H.M.; Esmat, A.; Rateb, M. Anti-inflammatory activity and chemical characterization of Opuntia
ficus-indica seed oil cultivated in Saudi Arabia. Arab. J. Sci. Eng. 2020, 45, 4571–4578. [CrossRef]

77. Khomdram, S.D.; Singh, P.K. Polyphenolic compounds and free radical scavenging activity in eight Lamiaceae herbs of Manipur.
Not. Sci. Biol. 2011, 3, 108–113. [CrossRef]

78. Ahmad, A.; Davies, J.; Randall, S.; Skinner, G.R. Antiviral properties of extract of Opuntia streptacantha. Antivir. Res. 1996, 30,
75–85. [CrossRef]

http://doi.org/10.1007/s13369-020-04555-x
http://doi.org/10.15835/nsb325638
http://doi.org/10.1016/0166-3542(95)00839-X

	Introduction 
	Materials and Methods 
	Oil Extraction 
	Identification of Opuntia ficus-indica Seed Oil 
	Fatty Acid Composition 
	Sterols and the Various Components 
	Tocopherols 
	Determination of Total Phenolic Compounds 

	Antioxidant Activity by Free Radical Scavenging Assay: 
	Antimicrobial Activity of Opuntia ficus-indica Seed Oil 
	Microbial Strains 
	Antimicrobial Activity 
	Evaluation of MIC and MBC 

	Cytotoxic Assay of Opuntia ficus-indica Seed Oil 
	Mammalian Cell Line 
	Cytotoxicity Evaluation 
	Antiviral Evaluation 

	Statistical Analysis 

	Results 
	Fatty Acid Composition 
	Tocopherol Content 
	GC-MS Analysis of Opuntia ficus-indica Seed Oil 
	Total Phenolic Contents 
	Scavenging Activity against DPPH 
	Antimicrobial Activity 
	Cytotoxic Activity 
	Antiviral Activity 

	Discussion 
	Conclusions 
	References

