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The purpose of this work was to investigate the protective effect of five essential oils (EOs); Rosmarinus
officinalis, Thymus vulgaris, Origanum compactum Benth., Eucalyptus globulus Labill. and Ocimum basilicum
L.; against oxidative stress induced by hydrogen peroxide in Saccharomyces cerevisiae. The chemical com-
position of the EOs was analyzed by gas chromatography (GC) and gas chromatography-mass spectrom-
etry (GC/MS). The in vitro antioxidant activity was evaluated and the protective effect of EOs was
investigated. Yeast cells were pretreated with different concentrations of EOs (6.25–25 mg/ml) for an hour
then incubated with H2O2 (2 mM) for an additional hour. Cell viability, antioxidants (Catalase, Superoxide
dismutase and Glutathione reductase) and metabolic (Succinate dehydrogenase) enzymes, as well as the
level of lipid peroxidation (LPO) and protein carbonyl content (PCO) were evaluated. The chemical com-
position of EOs has shown the difference qualitatively and quantitatively. Indeed, O. compactum mainly
contained Carvacrol, O. basilicum was mainly composed of Linalool, T. vulgaris was rich in thymol, R. offic-
inalis had high a-Pinene amount and for E. globulus, eucalyptol was the major compound. The EOs of basil,
oregano and thyme were found to possess the highest amount of total phenolic compounds. Moreover,
they have shown the best protective effect on yeast cells against oxidative stress induced by H2O2. In
addition, in a dose dependent manner of EOs in yeast medium, treated cells had lower levels of LPO, lower
antioxidant and metabolic enzymes activity than cells exposed to H2O2 only. The cell viability was also
improved. It seems that the studied EOs are efficient natural antioxidants, which can be exploited to pro-
tect against damages and serious diseases related to oxidative stress.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Oxygen is a highly reactive molecule. It can be somewhat
reduced to reactive oxygen species (ROS) that are defined as small
and highly chemically-reactive agents (Jamieson, 1998). They
include free radicals such as; superoxide anion (O2

��) and hydroxyl
radicals (�OH) as well as non-radical oxygen species for instance;
hydrogen peroxide (H2O2) and singlet oxygen(1O2) (Kurutas,
2015; Sato et al., 2013). The production of ROS by biological sys-
tems, mitochondria mainly, is very important as they take part in
many physiological processes such as apoptosis, immunity,
differentiation and activation of many transcriptional factors. . .
(Rajendran et al., 2014). Nevertheless, the surplus of ROS, that
can be caused by environmental factors (e.g. UV, ionizing radia-
tions, pollutants, and heavy metals, smoking. . .), generates a phe-
nomenon known as oxidative stress which is an imbalance in the
generation of pro-oxidants and the ability of antioxidants to neu-
tralize them (Aouacheri et al., 2015; Kurutas, 2015; Pizzino et al.,
2017). This will eventually cause damages in the cellular compo-
nents like membranes, proteins, lipids, nucleic acid (Dröge, 2002)
leading to several diseases that have been proven to be associated
with oxidative stress such as diabetes (Pizzino et al., 2017), kidney
disease (Galle, 2001), cancer (Valko et al., 2004), cardiovascular
diseases (Bahoran et al., 2007), neurological diseases (Allan
Butterfield, 2002) and respiratory diseases (Caramori, 2004).
Antioxidants compounds defined as a defense system, including
enzymatic and non-enzymatic compounds, are developed by the
organism in order to prevent oxidative stress after consumption
(Halliwell, 2008; Pizzino et al., 2017). Hence, the interest in the
search for natural antioxidants sources that would be efficient to
scavenge the surplus of free radicals has increased over the past
few years. Moreover, the studies on essential oils (EOs) and
extracts of medicinal and aromatic plants have increased as well
as their use as alternatives for treatment of diseases owing to the
presence of compounds such as polyphenols, terpenes and flavo-
noids that were shown to have many beneficial effects including
antioxidant activity and have been used to treat many diseases
attributable to their ability of free radicals scavenging (Adams,
2007; Nait Irahal et al., 2020; Nait Irahal et al., 2021; Santos-
Buelga and Scalbert, 2000). It has been reported that Thymus vul-
garis (El-Nekeety et al., 2011), Ocimum basilicum extracts
(Kaurinovic et al., 2011) and Origanum compactum (Bouyahya and
Jamal, 2016) have shown antioxidant properties. Also, previous
studies reported that Rosmarinus officinalis oil has shown many
biological effects including antibacterial and antifungal activities
(Satyal et al., 2017). In addition, the phytochemical studies, the
antibacterial and antimicrobial activities of Rosmarinus, Thymus,
Origanum., Eucalyptus and Ocimum have been extensively investi-
gated and were focused mainly on the hexane, chloroform, ethylac-
etate, acetone, methanol, ethanol and aqueous extracts. However,
very few reports are available on the use of the essential oils as a
protective potential against the oxidative stress in yeast cells.
Therefore, the objective of this study is to present a screening
and a comparative study on the antioxidant activity of five differ-
ent industrial essential oils Rosmarinus officinalis, Ocimum basilicum
L., Origanum compactum Benth., Eucalyptus globulus Labill. and Thy-
mus vulgaris. Moreover, Saccharomyces cerevisiae was chosen as a
model organism since that the mechanisms of defense against
oxidative stress in S. cerevisiaewere shown to be similar to humans
(Meng et al., 2017).

The different essential oils were analyzed by gas chromatogra-
phy (GC) and gas chromatography-mass spectrometry (GC/MS)
and were investigated for their effect when it comes to the
1843
protection against oxidative stress induced by H2O2 in the yeast
Saccharomyces cerevisiae by determining antioxidant and meta-
bolic enzymes activity and level of lipid peroxidation and protein
carbonylation.

2. Materials and methods

2.1. Chemicals and reagents

All the following chemicals used in this study were of high qual-
ity. Yeast extract, Agar and peptone were received from BIOKAR
Diagnostics. Tris (hydroxymethyl) aminomethane, Hydrogen per-
oxide (H2O2), Glycerol, Phenylmethylsulfonyluoride (PMSF),
Guanidine hydrochloride and 2-b-mercaptoethanol were pur-
chased from Fluka. Potassium persulfate (K2S2O8) from SOCHID.
Vitamin C and Trichloracetic acid (TCA) were bought from Scharlau
(Spain). Bovine serum albumin (BSA) was purchased from Janssen
Chimica. Potassium dihydrogen phosphate, Potassium cyanide
(KCN), Ethylenediaminetetraacetic acid (EDTA), Sodium dodecyl
sulphate (SDS) and Sodium carbonate were bought from
Riedel-de Haën. Ethanol was received from Biosmart. Acetic acid,
2,6- Dichlorophenolindophenol (DCIP), Succinate, oxidized glu-
tathione (GSSG), Thiobarbituric acid (TBA), Sodium chloride (NaCl),
Nicotinamide adenine dinucleotide (NADH), Nicotinamide adenine
dinucleotide phosphate (NADPH), 2,4- dinitrophenylhydrazine
(DNPH) reagent and Magnesium chloride (MgCl2) were purchased
from Sigma-Aldrich.

2.2. Essential oils

In this study five different EOs were used: rosemary (Rosmari-
nus officinalis), basil (Ocimum basilicum L.), oregano (Origanum com-
pactum Benth.), eucalyptus (Eucalyptus globulus Labill.), thyme
(Thymus vulgaris) all received in pure concentration from Naturac-
tive Laboratoires Pierre Fabre France. The geographical origin and
batch number of the EOs are shown in Table 1.

2.3. Yeast strain and growth conditions

All the experiments were done using a wild type strain of S.
cerevisiae YMES2, isolated from traditional Moroccan bread dough,
kindly provided by Professor Faouzi Errachidi from Faculty of
Sciences and Technologies of Fes (FST). Yeast strain was grown in
liquid YPG medium (1% yeast extract, 1% peptone, 2% glucose) with
an orbital shaker at 160 rpm, for 24 h at 30 �C with the ratio of flask
volume/medium of 5/1.

2.4. Phytochemical analysis

2.4.1. Determination of total phenols
This assay was carried out using the Folin-Ciocalteau reagent

and Gallic acid as standard by adding 0.5 mL of each essential oil
and 2 mL of sodium carbonate (75 g. L-1) to 2.5 mL of 10% (v/v)
Folin-Ciocalteau as reported by (Slinkard and Singleton, 1977).
The mixture was left at room temperature for 30 min, then pro-
ceeded to the absorbance measurement using a wavelength of
765 nm. Tests were carried out in triplicate.

2.4.2. Gas chromatographic (GC)
Gas chromatographic analyses were performed using a

Shimadzu GC-2010 Plus gas chromatograph equipped with a flame
ionization detector (FID) and a BP-5 capillary column (30 m
x0.25 mm i.d., film thickness 0.25 lm SGE Ltd). The oven



Table 1
Geographic origin and batch numbers of essential oils.

Essential oil Part used Batch number Collection region Chemotype

O. basilicum L. Aerial part 3,401,597,745,942 Asia / North Africa Linalool
R.officinalis Leaves 3,401,566,088,148 North Africa 1,8-cineole
O. compactum Benth. Flowering top 3,401,597,747,083 North Africa Carvacrol/ thymol
E. globulus Labill. Leaves and twigs 3,401,597,746,543 Europe 1,8-cineole/ a-pinene
T. vulgaris Aerial part 3,665,606,000,181 Europe Thymol
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temperature was programmed, 60–200 �C, at 3 �C.min-1, and then
held isothermal for 5 min; injector and detector temperatures,
280 �C and 300 �C, respectively; carrier gas, nitrogen, adjusted to
a linear velocity of 30 cm.s�1. The samples were injected using split
sampling technique, ratio 1:50. The volume of injection was 0.2 lL
of a pentane-volatiles solution (1:1)
2.4.3. GC–MS assay
A gas chromatography (GC) and gas chromatography-mass

spectrometry (GC/MS) were used to analyze the essential oils.
The GC–MS unit consisted on a Shimadzu GC-2010 gas chro-
matograph, equipped with BP-5 capillary column (30 m � 0.25 m
m i.d., film thickness 0.25 lm; SGE, Ltd.), and interfaced with a Shi-
madzu QP2010 Plus mass spectrometer (software version 2.50
SU1). The oven temperature was programmed as described for
GC analysis; transfer line temperature, 300 �C; ion source temper-
ature, 200 �C; carrier gas, helium, adjusted to a linear velocity of
36.5 cm.s�1; split ratio, 1:40; ionization energy, 70 eV; scan range,
40 400 u; scan time, 1 s. Component identification was carried out
by comparison of their retention indices relative to C9-C20 n alka-
nes on the BP-5 column (Adams, 2007), confirmed by comparison
of recorded mass spectra with those of a computer library (Shi-
madzu corporation library and NIST05 database/ ChemStation data
system) and from a home-made library, constructed based on the
analyses of reference oils, laboratory-synthesized components
and commercial available standards and other literature data.
2.5. Antioxidant activity

2.5.1. DPPH free radical scavenging assay
This assay was performed according to (Wu et al., 2019) and

with some modifications. First of all, 50 lL of each EO at different
concentrations (0,6–10 mg/mL) was added to 2 mL DPPH ethanol
solution (60 lM). After that, the mixture was left in the dark at
room temperature for 30 min then the absorbance was measured
at 517 nm. The following equation was used to calculate the
activity:

DPPHscavengingactivityð%Þ ¼ A0 � Atð Þ=A0ð Þ � 100

A0 is the absorbance of the control after 30 min; At is the absor-
bance of each EO after 30 min. Ascorbic acid was used as positive
control. Tests were carried out in triplicate.
2.5.2. ABTS+ free radical scavenging assay
This test was performed in triplicate and as described by

(Dorman et al., 2004). Thus, following to the reaction, of K2S2O8

(2.45 mM) with ABTS (7 mM) aqueous solution, in the dark and
at room temperature during 16 h, the radical ABTS�+ solution
was generated. Ethanol was added to the prepared solution to
adjust the absorbance to 0.7. Samples at different concentrations
were added to 9 mL of ABTS�+. The absorbance was measured at
734 nm at time 0 (A0) and after 6 min (A1). Ascorbic acid was used
as positive control.
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2.5.3. Reducing power
According to the method reported by (Oyaizu, 1986), the reduc-

tive power of the EOs samples was defined. The mixture contained:
0.2 M phosphate buffer (pH 6.6), 1% (w/v) potassium ferricyanide,
10% TCA and 0.1% ferric chloride. The absorbance was measured at
700 nm and the ascorbic acid was used as positive control. The
assay was carried out in triplicate.
2.6. Cytotoxicity of EOs

The sensitivity of S. cerevisiae to all five EOs was carried out
according to Tran and Green (2019) with minor modifications.
EOs were used at different concentrations (6.25, 12.5, 25, 50 and
100 lg/mL) was determined after exposing yeast cells to EOs for
2 h then plated in agar for an additional 72 h. Under the same con-
ditions a control was performed but without adding any EOs.
2.7. Oxidative stress induction

In this study, oxidative stress in S. cerevisiae was induced using
Hydrogen peroxide (H2O2). Yeast cells at the first exponential
phase growing in liquid YPGmediumwith an initial OD600nm = 0.26
were directly or pretreated with different concentrations of EOs
(6,25–100 lg/ mL) for an hour, then incubated with H2O2

(2 mM) during 1 h at 30 �C/160 rpm (de Sá et al. 2013).
2.8. Tolerance determination

The determination of cell viability was determined in normal
condition and after inducing oxidative stress, on cells treated or
not with EOs. The analysis was performed in triplicate, by plating
cells on solidified YPG medium (1% yeast extract, 1% peptone, 2%
glucose and 2% agar) after a (10000 x) dilution (Castro et al.,
2007; Dani et al., 2008). An incubation at 30 �C/72 h was done then
colonies were counted. Survival was expressed as percentage.
2.9. Biochemical assays

2.9.1. Preparation of cell-free extract
After the treatment with H2O2 for 1 h at 30 �C/160 rpm, a cen-

trifugation at 6000g for 5 min at 4 �C was done in order to harvest
the yeast cells which were then washed three times with 20 mM
Tris-HCl buffer (pH 7.5) and put back into suspension in the lysis
buffer that contains 50 mM Tris-HCl buffer (pH 7.5), 1 mM
ethylenediamine tetraacetic acid (EDTA), 10 mM 2-b- mercap-
toethanol, 1 mM phenylmethylsulfony fluoride (PMSF), and 1%
(v/v) glycerol at a ratio of 3 mL/g (wet weight). While disturbing
the cells with cold, A Bandelin Sonopuls Sonifier (90%, 20 s,
12 � ) was then used, followed by a centrifugation (15,000g,
45 min at 4 �C) using a Sigma 2–16 K refrigerated centrifuge. The
obtained supernatant was later on used for all enzyme activity
assays. According to the Bradford procedure, the protein content
was determined using bovine serum albumin (BSA) as standard
(Bradford, 1976).
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2.9.2. Detection of superoxide dismutase (SOD) activity
The superoxide dismutase (SOD) activity measurement was

based on the determination of the ability of enzyme extract to inhi-
bit the oxidation of NADH caused by superoxide radicals that pro-
duced in a chemical system according to (Paoletti et al., 1986),
using 5 mM EDTA, 2.5 mM MgCl2, 3.9 mM 2-mercaptoethanol,
0.27 mM NADH in 50 mM potassium phosphate buffer (pH 7)
and 50 lL enzyme extract. The reaction kinetics was measured at
a wavelength of 340 nm. The SOD activity unit is the amount of
enzyme required to inhibit the oxidation of the initial rate of NADH
by 50%, expressed in U/mg of protein.

2.9.3. Determination of catalase (CAT) activity
The CAT activity was determined by following the consumption

of H2O2. The reaction mixture contained 7.5 mM H2O2 in 50 mM
sodium phosphate buffer (pH 7.0) and 50 lL of the enzyme extract.
The kinetics was measured at 240 nm (Aebi, 1984). The molar
extinction coefficient of H2O2 (0.0394 mM�1cm�1) was used to cal-
culate the CAT activity. It is defined as lmol H2O2 consumption/
min/mg of protein.

2.9.4. Determination of glutathione reductase (GR) activity
The GR activity was determined based on monitoring at 340 nm

the decrease in absorbance due to the oxidation of NADPH as
described by (Di Ilio et al., 1983). For this purpose, a reaction mix-
ture was used containing: 1 mM EDTA, 0.5 mM GSSG, 50 mM
potassium phosphate buffer (pH 7.4) and 50 lL of enzyme extract,
all incubated for 2 min at 37 �C, then 100 lL of NADPH (0.1 mM)
was added. The kinetics of the activity was measured at a wave-
length of 340 nm. The unit of the activity was expressed as nmol
NADPH oxidized per min per mg of protein.

2.9.5. Determination of lipid peroxidation
The determination of lipid peroxidation was based on the abil-

ity of the extracts to inhibit the formation of malondialdehyde
using thiobarbituric acid reactive substances (TBARS) as reported
elsewhere (Samokyszyn and Marnett, 1990). The method consisted
of transferring 1 mL of extract into 1 mL solution of 0.375% thiobar-
bituric acid and 15% trichloracetic acid in 0.25 M hydrochloric acid.
The mixture was heated to 100 �C for 15 min, then quickly cooled
using ice in order to stop the reaction. Centrifugation is then car-
ried out at 1,000 g for 10 min. The absorbance of supernatant
was measured at 535 nm and the results were defined as nmoles
MDA equivalents per mg protein.

2.9.6. Determination of protein carbonyl content (PCO)
The level of carbonyl group was determined according to

Levine’s method (Levine, 2002). Concisely, 100 mL of the simple
was mixed with 400 mL of 10 mM 2,4-dinitrophenylhydrazine
(DNPH) in 2.5 M HCl. After incubation for 60 min at room temper-
ature, proteins were then precipitated using 500 mL of 20% (w/v)
trichloroacetic acid (TCA), left on ice for 5 min, and centrifuged
at 10,000g for 10 min at 4 �C. The protein pellet was washed 3
times by 500 mL of 1:1 (v/v) ethanol: ethyl acetate solution. The
final protein pellet was resuspended in 250 mL of 6 M guanidine
hydrochloride. The absorbance was read at 370 nm. The protein
carbonyl group of each sample was calculated by using absorption
coefficient (e = 22,000 M�1cm�1). The protein carbonyl content was
expressed as nmol/mg of protein.

2.9.7. Succinate dehydrogenase (SDH) activity assay
The measurement of the SDH activity was done according to

(King, 1967), based on the reduction of Dichlorophenolindophenol
(DCIP) which is known as a chemical compound used as redox dye
by the change of its blue color. The activity was measured at a
wavelength of 625 nm, using 0.053 mM DCIP, 0.3 mM EDTA in
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100 mM potassium phosphate buffer (pH 7.4) and 50 lL enzyme
extract. The reaction mixture was incubated at 25 �C for 10 min,
after that 50 lL of KCN-Succinate (3.25 mg/mL of KCN in 0.5 M suc-
cinate) was added. The unit (lmol DCIP reduced/min/mg protein)
was determined using molar extinction coefficient of DCIP
(19,100 M�1 cm�1).

2.10. Statistical analysis

The data are represented as the mean ± standard deviation (SD)
of at least three independent experiments. Statistical analyses
were made using one-way analysis of variance (ANOVA) and
Tukey’s post-hoc test using the Prism 7 software for Windows
(GraphPad Software Inc., San Diego, CA, USA). The probability value
of p < 0.05 was considered to denote a statistical significance
difference.
3. Results

3.1. Chemical composition of EOs

The GC/MS analysis has allowed the determination of the chem-
ical composition of EOs. Results in Table 2 below present the per-
centage composition of the compounds of all the essential oils
used, showing the identification of a total of 16 components for
eucalyptus (E. globulus), 19 for rosemary (R. officinalis) and both
of them had cineole (eucalyptol) (46.84%, 66.32%) and a-Pinene
(12.58%, 13.95%) respectively as main components. For the other
oils, 22 components were determined for thyme (T. vulgaris), 33
for oregano (O. compactum) and 40 for basil (O. basilicum). The
major components were linalool (63.95%) in O. basilicum, carvacrol
(48.16%) in O. compactum and thymol (76.66%) in T. vulgaris
(Table 3).

The quantification of the total phenolic content of each EO using
the Folin-Ciocalteau method presented in Fig. 1A showed that O.
compactum had the highest amount of total phenols (85.19 mg
GAE/g) followed by T. vulgaris with a total phenolic content of
(84.36 mg GAE/g) and O. basilicum with an amount of (73.03 mg
GAE/g). The results obtained are in accordance with the chemical
composition of the oils since carvacrol and thymol are the main
phenolic constituents according to their chemical structures. How-
ever, the essential oils of E. globulus and R. officinalis had lower
amounts of total phenols 43.64 and 43.28 mg GAE/g respectively.

3.2. In vitro antioxidant activity of EOs

In this study, the antioxidant activity of the EOs was carried out
using three tests; ABTS, DPPH free radical scavenging and reducing
power. Results showed that basil, thyme and oregano had a high
antioxidant activity against ABTS�+ and DPPH� radicals and were
also characterized by a high reducing power. However, rosemary
and eucalyptus showed a low antioxidant activity and very low
RP compared to the antioxidant activity of ascorbic acid used as
control (Fig. 1). When it comes to DPPH free radicals scavenging,
basil had the highest antioxidant activity in a dose–dependent
manner with a percentage of inhibition of free radicals near values
of ascorbic acid at (10 mg/mL) followed by thyme then oregano
(Fig. 1B). As for ABTS free radicals scavenging (Fig. 1C), oregano
presented a very high activity similar to the activity of ascorbic
acid at (10 mg/mL) followed by basil and thyme.

3.3. Sensitivity of S. Cerevisiae to EOs

To evaluate the cytotoxicity of the EOs on S. cerevisiae, a range
of concentrations of all EOs (6,25–100 lg/mL) was tested. Results



Table 2
Chemical composition of five essential oils.

Compounds Kovàts Index O.Basilicum
(Area %)

O.compactum
(Area%)

T. vulgaris
(Area%)

R. officinalis
(Area%)

E. globulus
(Area%)

a-Pinene
(-)-b- Pinene
b-Myrcene
3-Octanone
Octodrine
Octane
1-Octen-3-ol
o-Cymene
Cymen-8-ol
trans-1,2-bis-(1-methylethenyl) cyclobutane
1,8-Cineole
Tricyclene
b-cis-Ocimene
c-Terpinene
d-2-Carene
Linalool
a-Phellandrene
Camphene
Camphor
Borneol
Menthol
d-Alaninol
Terpinen-4-ol
a-Terpineol
Anisole, p-allyl-
2,4-Dimethylheptane
(R)-Citronellol
cis-Geraniol
a-Citral
2,5-Dimethylstyrene
Isothymol methyl ether
Thymol
Bornyl, acetate
3-Allylguaiacol
Neryl acetate
l-Verbenone
b-Bourbonene
b-Elemene
Caryophyllene
Trans-a-Bergamotene
Carvacrol
a-Guaiene
a-Humulene
trans-Muurola-4(14),5-diene
trans-Pinocarveol
D-Germacrene
b-Sesquiphellandrene
c-Elemene
Caryophyllene oxide
a-Bulnesene
c-Cadinene
d-Cadinene
Nerolidol
a-Pinocarvone
Diethyl phthalate
Cubenol
c -Muurolene
Ageratochromene
a-Thujene
Neryl propanoate
3-Carene
(+)-4-Carene
(+)-Sylvestrene
cis-Sabinene hydrate
4a-Methyl 1,2,3,4,4a,5,6,7octahydro naphthalene
2,6-Dimethyl-6-heptafluorobutyryloxyoctane
a-Terpinyl acetate
Spathulenol
Viridiflorol
Bisphenol indane

0932
0974
0988
0979

0800
0974
1022
1176

1026
0921
1017
1054
1001
1095
1002
0946
1141
1165
1167

1174
1186

1223
1249
1264
1099
1232
1289
1284

1359
1204
1387
1389
1417
1432
1298
1437
1452
1493
1135
1484
1521
1434
1582
1509
1513
1522
1561
1160
1590
1645
1478
1658
0924
1452
1008

1025
1065

1346
1577
1592

0.31
0.42
0.32

0.30

0.39
4.68

0.64
0.15
0.19
63.95

0.38
0.30
0.57

1.65
0.52
0.33

0.17
4.44
0.20

1.14
3.15
0.63

0.19
1.04
0.38
3.53

0.33
0.44
0.28

1.84
0.17
0.20

0.50
1.81
0.39
0.22

1.28
0.32
2.03
0.22

0.60

1.14
0.07
0.08
0.03
0.03
12.21
0.08

0.07

0.03
14.34

1.22
0.14
0.09

0.20

0.57
0.18

0.11
0.17
15.68

1.19

48.22

0.44

0.05

0.69

0.10
0.16
0.07
1.38
0.38
0.05
0.09

0.53

1.07

0.27
5.51

0.09

2.03

2.19
0.14
0.09

0.33

0.81
0.09

0.42

4.07

76.66

0.15

0.58

0.94
0.36

0.28

12.58
2.62
0.43

0.19

2.17

2.00
46.84
0.15

0.90

4.24
16.30
2.73

0.39
1.74

0.53

0.26

1.25

0.14

1.28

13.95

1.28

3.13
66.32

0.74

0.37

0.55

1.70

0.62
5.17

1.24
1.03
1.51
0.87
0.42
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Table 3
Chemical structure of main compounds identified in the EOs studied.

Plants Main compound Structure

O. compactum Carvacrol

E. globulus
R. officinalis

Cineole

a-Pinene

O. basilicum Linalool

T. vulgaris Thymol
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showed toxicity at 50 and 100 lg/mL (data not shown), as for con-
centrations 6.25–25 lg/mL EOs did not show any toxicity effect
(Fig. 2A). However, the nontoxic concentrations 6.25–25 lg/mL
were chosen to be used later on for the determination of the pro-
tective effect of EOs.
Fig.1. (A) Total phenol content (mg/g) and in vitro antioxidant activity of the EOs by (B)
power. Values are means ± SD of three independent experiments performed in triplicate.
way ANOVA.
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3.4. Effect of EOs on cytotoxicity induced by H2O2

In order to investigate the effect of EOs on cytotoxicity induced
by H2O2, a pretreatment of the cells with EOs was carried out.
Results presented in (Fig. 2B) showed compared to the control
cells, a significant decrease of viability to 54%± 2.01 (P < 0.001)
when exposured to H2O2. The viability has been restored remark-
ably after pretreatment with the following EOs: basil (O. basilicum),
thyme (T. vulgaris) and oregano (O. compactum) at different con-
centrations (6.25–25 lg/mL) by 11–26%, 13–30%, 16–47% respec-
tively. As for rosemary (R. officinalis) and eucalyptus (E. globulus)
the viability was slightly ameliorated at (25 lg/mL) by 10–11%
compared to H2O2 alone treated cells.
3.5. Antioxidant enzymes activity

The investigation of the effect of H2O2 and the EOs on the activ-
ity of antioxidant enzymes in S. cerevisiae showed (Fig. 3) a signif-
icant increase in the activity after the exposure of S. cerevisiae cells
to H2O2 compared to the control sample. Thus, the activity of CAT,
SOD and GR were higher by � 281%,�166% and� 146%, (P < 0.001)
respectively. After the pretreatment with the EOs (6.25–25 lg/m
L); thyme (T. vulgaris), oregano (O. compactum) and basil (O. basili-
cum) and the exposure to H2O2, the activity of the antioxidant
enzymes CAT, SOD and GR decreased to be comparable to levels
of control sample with the increase in dose of the essential oils.
However, it was observed that the decrease of the activity after
the treatment with rosemary (R. officinalis) and eucalyptus (E. glob-
ulus) was not significant.
DPPH free radicals scavenging (C) ABTS free radicals scavenging and (D) Reducing
a-b Means without a common superscript letter differ (p < 0.05), as analyzed by one-



Fig. 2. (A) Dose response effect of the EOs on the viability of S. cerevisiae cells after 72 h of incubation; (B) Effect of EOs treatment on cellular survival after exposure to H2O2. S.
cerevisiae cells were pretreated with the essential oils at different concentrations (6.25–100 lg/mL) for 1 h, followed by incubation with H2O2 for another hour. Data for 50
and 100 ug/ml were not shown. The data represent the mean of three independent experiments. *P < 0.05, **P < 0.01 and ***P < 0.001, compared with untreated control cells,
#P < 0.05, ##P < 0.01 and ###P < 0.001, compared with cells treated with H2O2 only.

Fig.3. The effect of the essential oils on the activity of the antioxidant enzymes CAT (A), SOD (B) and GR (C) in S. cerevisiae. Yeast cells were pretreated with different
concentrations of EOs (6.25–25 lg/ml) for 1 h, followed by incubation with H2O2 for another 1 h. The data represent the mean of three independent experiments. *P < 0.05,
**P < 0.01 and ***P < 0.001, compared with untreated control cells, #P < 0.05, ##P < 0.01 and ###P < 0.001, compared with cells treated with H2O2 only.
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3.6. Lipid peroxidation

One of the consequences of oxidative stress is the damage of the
intracellular components such as lipids. In this study, in order to
investigate this intracellular damage, level of lipid peroxidation
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(LPO) was used as a marker (Fig. 4A). Thus, LPO was determined
using the level of TBA-MDA adduct that showed a level of 0.61 ± 0
.070 nmol/mg of protein in the control sample. However, When the
cells were exposed to H2O2 This level increased significantly to 1.
14 ± 0.075 nmol/mg of protein (P < 0.001), that to say 1.86-fold.



Fig.4. The effect of EOs on lipid peroxidation(A), PCO content (B) and (C) SDH activity in yeast cells treated with H2O2.The data represent the mean of three independent
experiments. *P < 0.05, **P < 0.01 and ***P < 0.001, compared with untreated control cells, #P < 0.05, ##P < 0.01 and ###P < 0.001, compared with cells treated with H2O2 only.
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As for the pretreatment with EOs (6.25–25 lg/mL) showed that
rosemary and eucalyptus decreased slightly at (25 lg/mL) the
TBARS level by 1.18-fold (0.96 ± 0.066 nmol/mg of protein), and
1.21-fold (0.94 ± 0.050 nmol/mg of protein) respectively. Although,
the treatment with the other EOs at (6.25–25 lg/mL); thyme, ore-
gano and basil decreased significantly the TBARS level by 1.15–
1.54-fold (0.99 ± 0.091–0.74 ± 0.031 nmol/mg of protein,
P < 0.001), 1.26–1.80-fold (0.90 ± 0.04 – 0.63 ± 0.032 nmol/mg of
protein, P < 0.001) and by 1.10–1.40-fold (1.03 ± 0.07 – 0.81 ± 0.
02 nmol/mg of protein, P < 0.001) respectively, compared to
H2O2 treated cells.
3.7. Protein carbonyl content (PCO)

Results showed that the concentration of protein carbonyls was
significantly higher by 2.3 fold (1.03 ± 0.1 nmol/mg of protein;
P < 0. 001) in H2O2 treated cells compared to the control sample
(0.452 ± 0.09 nmol/mg of protein). Levels of protein carbonyls
decreased significantly in pretreated cells with EOs of oregano,
basil and thyme at (6.25–25 lg/mL) in a dose dependent manner
by 1.41–2.01fold (0.73 ± 0.072 – 0.51 ± 0.035 nmol/mg of protein),
1.25–1.77 fold (0.82 ± 0.015 – 0.58 ± 0.05 nmol/mg of protein) and
by 1.15–1.66 fold (0.89 ± 0.084 – 0.62 ± 0.021 nmol/mg of protein)
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respectively, compared to H2O2 treated cells. Whilst, the pretreat-
ment with EOs of rosemary and eucalyptus decreased protein
carbonyls levels slightly at (25 lg/mL) by 1.07-fold (0.96 ± 0.09 n
mol/mg of protein) and 1.10-fold (0.93 ± 0.07 nmol/ mg of protein)
respectively, compared to H2O2 treated cells (Fig. 4B).
3.8. Metabolic enzyme activity (SDH)

In this work, the effect of H2O2 induced oxidative stress and EOs
on the activity of succinate dehydrogenase (SDH) which is consid-
ered as a metabolic enzyme was also investigated (Fig. 4C). It was
observed, compared to the control sample, that the activity
decreased remarkably to 46.36% (P < 0.01) after the exposure to
H2O2. The treatment with the EOs rosemary and eucalyptus
showed a very slight increase in the activity of SDH at
(12.5–25 lg/mL) by 1.04–1.29-fold (0.53 ± 0.07–0.66 ± 0.04 mmol/
min/mg of protein) and 1–1.19-fold (0.51–0.61 mmol/min/mg of
protein) respectively. However, the treatment with thyme, oregano
and basil increased significantly the activity of SDH in a dose
dependent manner to reach a value comparable to the control sam-
ple at (25 lg/mL).
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4. Discussion

Excessive production of reactive oxygen species (ROS) can
exceed the ability of the natural antioxidant defense system of
the cells and, in long term, lead to the development of various
oxidative stress-associated diseases such as cardiovascular dis-
eases, diabetes, cancer, Alzheimer’s disease (Huang et al., 2006;
Martins et al., 2015; Valko et al., 2007). Therefore, antioxidants
supplementation can help to maintain an optimal biological sys-
tem by removing excessive concentrations of free radicals
(Deetae et al., 2012; Guenaou et al., 2021b). In recent years, there
has been a great interest in the use of phenolic compounds includ-
ing phenolic acids and flavonoids derived from plants which are
naturals, safe and powerful antioxidant molecules that exert their
action through a variety of mechanisms including increasing
antioxidant enzymes activity, chelating ions, eliminating ROS and
inhibiting lipid peroxidation (Kumar Ganesan and Baojun Xu,
2017; Nakagawa et al., 2002). Hence, the aim of this study was
to investigate the efficacy of five different essential oils in protect-
ing against H2O2-induced oxidative stress in S. cerevisiae cells used
as a cellular model.

Firstly, the results of GC/MS showed a chemical variability
within tested EOs. It has been determined that the major chemical
components of rosemary and eucalyptus were Cineole/ Eucalyptol
and a-Pinene respectively. Linalool was the main component in
basil, Carvacrol was the most present component in oregano as
well as thymol, cymene and terpinene. As for thyme, the main
components were thymol and caryophyllene. All of these compo-
nents are behind many biological activities of EOs including
antioxidant activity (Bhavaniramya et al., 2019; Dhifi et al.,
2016). Also, we suggest that the higher content of phenolic mole-
cules contribute greatly to the antioxidant activity observed, par-
ticularly, the main constituents such as carvacrol and thymol. In
addition, it is admitted that the OH group found in linalool, thymol
and carvacrol exhibited and showed very high antioxidant activity
(Friedman, 2014). The investigation of the total phenolic content
quantified using the Folin-Ciocalteau method showed high
amounts were present in Oregano, basil and thyme. While for rose-
mary and eucalyptus, low amounts of phenols have been observed.
It has been reported in previous studies that phenolic compounds
were shown to have various biological effects such as antioxidant
activity (Sanchez-Moreno, 2002). Furthermore, in vitro assays
(ABTS, DPPH and reducing power) carried out to evaluate the
antioxidant activity specifically free radicals scavenging ability of
the EOs also indicated a significant and important antioxidant
activity against ABTS�+ and DPPH� radicals and a high reducing
power in thyme, basil and oregano. Whereas, rosemary and euca-
lyptus were showed to be less capable of scavenging ABTS�+and
DPPH� free radicals and a low reducing power comparing to ascor-
bic acid used as standard sample. Therefore, these obtained results
are in line with results reported in many previous studies in which
cells were treated adding phenolic compounds and using different
pro-oxidants, all showing a lower production of ROS than cells
treated with pro-oxidants only (Flora et al., 2013; Meng et al.,
2017). Phenolic compounds were reported to be involved in in
neutralizing free radicals (Sanchez-Moreno, 2002).

A preliminary study on the cytotoxic effect of all the EOs on S.
cerevisiae showed no cytotoxic effect at a range of concentrations
(6.25–25 lg/mL), but at higher concentrations EOs were toxic
(50 lg/mL and above). This may be explained, as a reversed effect
of phenolic compounds that goes from being beneficial to lethal for
cells due to excessive doses (McGaw et al., 2014). Also, the dam-
ages of H2O2 induced stress such as cell death have been prevented
after the pretreatment with EOs showing a clearly restored cell via-
bility after the use of EOs compared to cells treated with H2O2 only.
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In order to control the ROS generation and protect cells from
their oxidative damage, an enzymatic defense system where
antioxidant enzymes; catalase (CAT), superoxide dismutase (SOD)
and glutathione reductase (GR) work all together in a cooperative
way. Hence, SOD catalyzes the conversion of superoxide anions
to hydrogen peroxide (H2O2). CAT, efficient in scavenging H2O2,
will later on catalyze the conversion of H2O2 to H2O and O2. As
for GR, It is involved in the scavenging of ROS by providing consis-
tently intermediate metabolites for instance reduced glutathione
(GSH) that when present, GPx accelerates the reduction of hydro-
gen peroxide and hydroperoxides (Burke, 2010; Schieber and
Chandel, 2014; Tongul and Tarhan, 2016). In our study, a signifi-
cant increase in the activity of the antioxidant enzymes activity
was observed when cells were exposed to H2O2 only compared
to control. Interestingly, the pretreatment of yeast cells with of T.
vulgaris, O. compactum and O. basilicum decreased in a dose depen-
dent manner the activity of CAT, SOD and GR back to their normal
values as compared control. This can be attributed to the
phytochemical composition of EOs rich in phenolic compounds
that are known to scavenge ROS (Sanchez-Moreno, 2002).

Lipid peroxidation which is caused by an excess of ROS that
react with polyunsaturated fatty acids in cell membranes, leading
to the production of malondialdehyde (MDA) that can eventually
be used to determine the level of LPO in biological models (Jia
et al., 2019; Parthasarathy et al., 1999). Enhanced MDA formation
was previously observed in S. cerevisiae following oxidative stress
induction (Meng et al., 2017; Piechowiak and Balawejder, 2019).
The present study showed that the level of MDA increased signifi-
cantly after H2O2 exposure compared to the control. The pretreat-
ment with rosemary and eucalyptus had a very slight and
non-significant effect on the level of TBA-MDA except at (25 lg/
mL). Contrariwise, the pretreatment with the remaining EOs (ore-
gano, basil and thyme) significantly reduced the level of LPO
(p < 0.001) in a dose dependent manner near their normal level.
This effect of EOs can be explained by the presence of phenolic
compounds. It has been shown, that phenolic compounds are able
to inhibit LPO in cells by producing stable phenoxy radical species
that are not capable of any other radical reaction (Meng et al.,
2017; Yan et al., 2020). They are able to inhibit LPO at all stages
of the cycle, hence the reduction of the degree of the oxidative
damage caused in cells constituents (Piechowiak and Balawejder,
2019). Also, this effect was noticed in treated yeast with propolis
and quecertin in H2O2 induced stress (de Sá et al. 2013).

Protein carbonylation is associated with oxidative stress related
damages. It is irreversible and is considered as one of the most
damaging oxidative protein modifications. Protein carbonyl can
be formed after oxidative modifications on arginine, proline, his-
tidine and lysine residues, as well as by oxidative cleavage of the
peptide chain. The measurement of protein carbonyl content is
used to evaluate the degree of the cellular damages related to
oxidative stress (Fedorova et al., 2014; Pirinccioglu et al., 2010).
In our study, PCO level was remarkably higher in H2O2-treated cells
compared to the control sample. Pretreatment with EOs (oregano,
basil and thyme) showed a significant protective effect against
oxidative damage and stabilizes the protein against oxidation. This
can be explained by the antioxidant potential of phenolic com-
pounds found in the EOs to suppress protein carbonylation (Kızıl
et al., 2011).

Succinate dehydrogenase (SDH), is an enzyme of the respiratory
chain present in the mitochondria of yeast cells. It catalyzes reac-
tions leading to the oxidation of succinate to fumarate in Krebs
cycle and the reduction of ubiquinone using the cofactor FAD
(Robinson and Lemire, 1996; Rustin, 2002; Sadowska-Bartosz
et al., 2013). SDH is considered as a metabolic marker used to eval-
uate oxidative stress (Mountassif et al., 2007). The expression of
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SDH is important to produce energy in cells (Guenaou et al., 2021a;
Rustin et al., 2002). Moreover, It has been reported in previous
studies that H2O2 can inactivate and disable enzymes that con-
tribute to the production of cellular energy (Tretter and Adam-
Vizi, 2000). In the present study, a remarkable decrease in the
SDH activity was observed in H2O2 stressed cells. The supplemen-
tation with EOs especially (oregano, basil and thyme) restored the
activity of SDH which displays their antioxidant activity. This
results suggest the contribution again of phenolic compounds pre-
sent in the essential oils in this antioxidant defense since as It has
been shown, phenolic compounds are involved in scavenging free
radicals and decomposing peroxides. . . (Dai and Mumper, 2010;
Meng et al., 2017; Piechowiak and Balawejder, 2019; Sanchez-
Moreno, 2002).

5. Conclusion

We can conclude that the oxidative stress induced in yeast cells
by using H2O2 has caused so many damages which was manifested
in a high antioxidant enzymes activity in addition of lipid peroxi-
dation and damages of cellular components. Yet the use of the
essential oils of T. vulgaris, O. compactum and O. basilicum as a nat-
ural source of antioxydants displayed a protective potential against
the oxidative stress in yeast cells. Eventually, after the pretreat-
ment with EOs, the activity of antioxidant and metabolic enzymes
was brought back to normal values as well as a reduced lipid per-
oxidation and protein carbonylation. To sum up, further research
could be conducted on these efficient oils that can be of great
use to protect organisms against the serious damages and diseases
associated with oxidative stress.
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