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Abstract

The potential of essential oils as antioxidants is gaining interest by researchers and medicinal industry. In this study, we
investigated the protective effect of essential oils obtained from Ocimum basilicum, Galium odoratum, and Cymbopogon
citratus against oxidative DNA damage in cultured human lymphocytes. DNA damage was assessed using 8-hydroxy
deoxyguanosine assay (8-OHdG). The oil of G. odoratum showed significant decreases of 8-OHdG biomarker in cultured
cells at all examined concentrations (0.1, 1 and 2 uL/mL) with magnitudes that range between 31-39% (p<0.01). With
respect to C. citratus oil, a significant decrease of 8-OHdG was observed at 1 and 2 pL/mL concentrations with magnitudes
of 34% and 44% respectively (p<0.05). Similarly, O. basilicum significantly decreased 8-OHdG at 1pL/mL and 2 pL/mL
concentrations (p<0.005) with magnitude of decreases of about 62% at both concentrations. In conclusion, potent
antioxidative DNA damage activity of examined essential oils was observed in cultured human lymphocytes.
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Introduction

Reactive oxygen species (ROS) are constantly
generated during normal cellular activity (Franchina et
al., 2018; Pérez-Torres et al., 2021). However, an
imbalance between the generation of ROS and the
antioxidant capacity of cells can lead to oxidative stress
(Alzoubi et al., 2021; Andersson, 2018). Oxidative stress
is associated with the development of chronic diseases,
infection and exposure to chemicals including
medications (Al-Sawalha et al., 2021; Barcia et al., 2017;
Incalza et al., 2018; Khabour et al., 2014; Rababa'h et al.,
2019). Oxidative stress can cause severe damage to
macromolecules and body tissues (Andersson, 2018;
Franchina et al., 2018). Oxidative DNA damage is a form
of oxidative stress that is marked by the production of 8-
OHdG biomarker in body cells (Al-Smadi et al., 2019;
Aspinen et al., 2016; Martins et al., 2017; Tarboush et al.,
2022). Accumulation of DNA damage in cells predisposes
individuals to malignancies, cardiovascular diseases and
premature aging (Khalil et al., 2021; Mayyas et al., 2020;
Risques & Kennedy, 2018; Vijg, 2014).

In the last few decades, the total world population
have shown increasing interest in plant research that is
recognized as a source of discoveries of health
improving agents (Yatoo et al.,, 2017, Khabour &
Hassanein, 2021; Hameed et al., 2022). Among such
agents are essential oils, which are volatile, natural,
complex compounds formed by aromatic plants as
secondary metabolites (de Groot & Schmidt, 2016; Uma
et al., 2017; Baghalpour et al., 2021). The main group of
essential oils are composed of terpenes and terpenoids
and the other of aromatic and aliphatic constituents, all
characterized by low molecular weight and have strong
odor (Lesage-Meessen et al., 2015; Vieira et al., 2018).

Ocimum basilicum, known as basil plant, is a rich
source of essential oils that have several medicinal uses
(Atiphasaworn et al., 2017; Rodrigues et al., 2017) and
antioxidative properties (Tarchoune et al., 2010). Similarly,
the essential oil of Galium odoratum, a member of the
Rubiaceae family (also known as sweet woodruff), has been
shown to possess several biological and pharmacological
activities such as antioxidant, antimicrobial, and
antimutagenic activities (Kahkeshani et al., 2013). The
essential oil of Cymbopogon citratus (lemon grass) have
been shown to carry important therapeutic potentials
including being anti-cancer, anti-hypertensive, antioxidant,
and anti-mutagenic (Boukhatem et al., 2014; Campos et al.,
2014). In this study, we aimed at investigating the effect of
essential oils of O. basilicum, G. odoratum, and C. citratus
on oxidative DNA  damage using the 8-
hydroxydeoxyguanosine (8-OHdG) assay in cultured human
lymphocytes. This assay has been shown to be useful for
screening medicinal plants for their antioxidative properties
(Alkofahi et al., 2016; Anjum et al., 2019).

Materials and Method

Collection of plant materials: The used plant part to
prepare oils (leaves) were collected from Almadina area,
Saudi Arabia in the period from March to May / 2016.
Plants were identified by a specialist in medicinal plants
from the Biology Department at Taibah University,
Saudi Arabia.

Essential oil extraction: Essential oils were extracted
from 250 gram air dried leaves by hydro-distillation,
using a Clevenger type apparatus as previously described
(Carneiro et al., 2017). The distilled essential oils were
dehydrated with anhydrous sodium sulphate and then
stored at -20°C in dark airtight bottles until further use.
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Blood donors: Two healthy male volunteers (ages: 26 and
24 years) donated their blood to be used for lymphocyte
cultures. Both volunteers were never smokers and non-
alcoholic, not using any supplements or medications at
least 6 months prior to participation in the study (Azab et
al., 2019). Volunteers were checked for their hemoglobin
level prior to blood withdraw to ensure their fitness for
donation. Fifty mL of blood was obtained from volunteers
each time they donated in sterile heparinized tubes.
Volunteers gave written informed consent as required by
the institutional ethics committee at Faculty of Applied
Medical Sciences/Taibah University.

Blood cultures: The Euro clone Chromosome medium
(Italy) was used to prepare cultured human lymphocytes
using whole blood (Mhaidat et al., 2016) with a ratio of
blood to culture media of 1/9. Cultures were incubated at
37°C in CO, incubator for 70 h as previously described.
About 4 cultures per donor were used for each drug
concentration (i.e. n = 8 per each concentration) (Azab et
al., 2017; Esmadi et al., 2016).

The 8-OHdG assay: Cultures from the above step were
centrifuged at 2000 xg for 6 minutes and pellets were then
washed in bovine serum-free chromosome medium. Cells
were then then treated with different concentrations (0.1,
1 and 2 pL/mL) of the essential oil. Cisplatin (1 pg/mL,
Sigma, Saint Louis, MI, USA) and Vitamin E (alpha
tocopherol; 1 pg/mL; Acros Organics, Turkey) were used
as controls to validate the assay (Khabour et al., 2014).
After six hours of incubation, tubes were centrifuged at
2000 xg and 0.1 mL of the supernatant was used for 8-
OHdG assay. Untreated cultures were used as negative
controls. An ELISA kit obtained from Sigma-Aldrich
(Saint Louis, MI, USA) was used for the measurement of
the 8-OHdG as described by the bulletin that was
provided in the kit. Changes in the absorbance were
analyzed at 405 nm using a plate reader (BioTek, model:
ELx800, Winooski, VT, USA).

Statistical analysis: Statistical comparisons were
performed using GraphPad Prism statistical software
(version 4). ANOVA followed by Tukey posthoc test
were used for the three group analysis. A p<0.05 was used
as a threshold for statistical significant.

Results

In this study, oils extracted from the three medicinal
plants were screened for anti-mutagenic activity using the
8-OHdG assay and cultured human lymphocytes.
Cisplatin (1 pg/mL), which is known to induce oxidative
stress, and Vitamin E (1 pg/mL) that has potent
antioxidant activity, were used as controls. Cisplatin
induced an increase in 8-OHdG by about 85%, whereas
Vitamin E reduced 8-OHdG by about 40% (p<0.01).

Figure 1 shows the anti-mutagenic activity of C.
citratus oil in cultured human lymphocytes. C. citratus oil
significantly decreased 8-OHdG biomarkers at 1pL/mL
and 2 pL/mL concentrations (p<0.05). However, a
considerable but not significant decrease was observed at
0.1 pL/mL concentration (p>0.05). The magnitude of
decrease at 0.1 pL/mL, 1 pL/mL and 2 pL/mL were about
29%, 34% and 44%, respectively.
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The oil of G. odoratum induced significant decreases
of 8-OHdAG biomarker at all examined concentrations
(p<0.01, Fig. 2). The magnitude of decrease at 0.1
pL/mL, 1 pL/mL and 2 pL/mL were about 39%, 32% and
31% respectively. This finding indicates a saturation
effect that was observed at 0.1 uL/mL concentration.

With respect to O. basilicum, significant decreases in
8-OHdG biomarkers was detected at 1uL/mL and 2
pL/mL concentrations (p<0.005, Fig. 3) with magnitude
of decreases equal to 62% in both cases. Thus, a
saturation effect was observed at 1uL/mL concentration.
On the other hand, the 0.1 pL/mL was found to be not
effective in decreasing 8-OHAG biomarker in cultured
blood lymphocytes.
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Fig. 1. Antioxidative DNA damage activity of Cymbopogon
citratus essential oil.

Cultured human lymphocytes were treated with different
concentrations of C. citratus essential oil (0.1, 1, and 2 uL/mL).
The 8-OHdAG was measured using ELISA technique. C. citratus
essential oil concentrations of 1, and 2 uL/mL significantly
reduced 8-OHdG levels, indicating reduced oxidative DNA
damage in human cultures lymphocytes. Data were expressed as
mean + SEM. * indicates significant difference from the control
group. ANOVA p value <0.05.
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Fig. 2. Antioxidative DNA damage activity of Galium odoratum
essential oil.

Cultured human lymphocytes were treated with different
concentrations of Galium odoratum essential oil (0.1, 1, and 2
uL/mL). At all three tested essential oil concerntrations, 8-
OHdG was significantly reduced. The 8-OHdG was measured
using ELISA technique. Data were expressed as mean + SEM. *
indicates significant difference from the control group. ANOVA
p value <0.01.



ESSENTIAL OILS AND OXIDATIVE DNA DAMAGE

=
o
)

o
oo
1

o
[ep}
1

o
SN
1

o
N
1

8-OHdG (ng/mL media)

o
o

L]
1pl
Ocimum basilicum

2l

Fig. 3. Antioxidative DNA damage activity of Ocimum
basilicum essential oil.

Cultured human lymphocytes were treated with different
concentrations of Ocimum basilicum essential oil (0.1, 1, and 2
uL/mL). The 8-OHdG was measured using ELISA technique.
Data were expressed as mean + SEM. * indicates significant
difference from the control group. ANOVA p value <0.001.

Discussion

In this study, we investigated the antioxidative DNA
damage potential of three essential oils extracted from O.
basilicum, G. odoratum, and C. citratus using cultured
human lymphocytes. The results showed strong
antioxidative DNA damage effect of the three examined
essential oils with slight variations.

The O. basilicum also known as great basil is herb
native to Africa and Asia that belongs to Lamiaceae (mints)
plant family (Kaya et al., 2008). The plant is rich in phyto-
nutrients that are used as food flavors. In addition, O.
basilicum has several medicinal uses including treatment of
viral and bacterial infection, treatment of gastrointestinal
diseases, headaches, diabetes mellitus, weight control,
kidney diseases and cancer (Atiphasaworn et al., 2017
Bhatti et al., 2017; Rodrigues et al., 2017; Singh, 1999).
The results showed strong activity of essential oil obtained
from the leaves of O. basilicum against oxidative DNA
damage. This findings is consistent with the reported strong
antioxidative property of this herb (Atiphasaworn et al.,
2017; Tenore et al., 2017; Zlotek et al., 2016; Khalil et al.,
2021; Rahman et al., 2022). Extract from O. basilicum has
been shown to protect HepG2 human cells from oxidative
DNA damage (Thirugnanasampandan & Jayakumar, 2011).
Similar results were reported using E. coli (Beric et al.,
2008) and cultured breast cell lines (Al-Ali et al., 2013).
The antioxidative property of O. basilicum could be due to
the presence of flavonoids and anthocyanins compounds
that are rich in its leaves (Ghasemzadeh et al., 2016; Vlase
et al., 2014). Further fractionation of O. basilicum essential
oil is recommended to identify the active ingredients
leading to antioxidative DNA damage properties of the oil.

G. odoratum is another herb that belongs to the
family Rubiaceae and it is native to Europe and Asia. G.
odoratum has been shown to possess medicinal properties
(Kahkeshani et al., 2013; Wojnicz et al., 2012). Current
results showed strong antioxidative DNA damage effect
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of the essential oil extracted from its leaves. The
antioxidative property of G. odoratum has been shown
previously using animal models (Kahkeshani et al., 2013).
The antioxidative properties of G. odoratum could be due
to coumarins and flavonoids compounds that are abundant
in its leaves (Baser et al., 2004).

The last examined essential oil was extracted from C.
citratus, which is a perennial plant native to the Middle
East and Asia. Among the medicinal uses of lemon grass
are  antimicrobial  infections,  anti-inflammatory,
antidepressant and diuretic properties (Boukhatem et al.,
2014; Campos et al., 2014). In the current study, results
suggest a strong effect of the essential oil extracted from
lemon grass against oxidative DNA damage. This is
consistent with the previously reported antioxidative
property of the plant (Boukhatem et al., 2014; Campos et
al.,, 2014; Rahim et al., 2014; Somparn et al., 2014).
Moreover, C. citratus essential oil has been shown to
protect cells against N-methyl-N-nitrosurea (MNU)-
induced DNA damage (Bidinotto et al., 2012; Bidinotto et
al., 2011; Rao et al., 2009; Suaeyun et al., 1997). Further
investigations are required to identify the bioactive
compounds in the extracted oil.

Among the limitations of the study is that antioxidative
DNA properties of examined essential oils were only tested
using In vitro cultured cells. Thus, the present findings
need to be confirmed using In vivo animal models.

In conclusion, the current study reported a strong
activity of essential oils derived from O. basilicum, G.
odoratum, and C. citratus against oxidative DNA damage
using cultured human lymphocytes.
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