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Antioxidant potential of essential oil from Lavandula angustifolia
in in vitro and ex vivo cultured liver cells
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Lavender is a commonly used herb in traditional medicine in Asia and Europe. It has been reported to be an effective
medical plant in treating inflammation, depression and stress, thanks to its sedative and anxiolytic action, thrombotic, and
antimicrobial properties. In the present study we investigated the protective effects of essential oil from Lavandula angustifolia
(LO) against hydrogen peroxide and tert-butyl hydroperoxide -induced DNA damage. Also the effects of LO on the levels of
enzymatic and non-enzymatic antioxidants (SOD-superoxide dismutase, GPx-glutathione peroxidase, GSH-glutathione) were
evaluated in in vitro (human hepatoma cell line HepG2) and in ex vivo (freshly isolated rat hepatocytes) systems. The results
showed that the oxidant-induced DNA lesions were significantly reduced in both systems pre-treated with the Lavandula
angustifolia. The observed DNA-protective activity could be explained by both elevation of GPx activity in cells pre-treated

with LO and antioxidant activity of LO.
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Oxidative stress reflects an imbalance between the systemic
manifestation of reactive oxygen species (ROS) and an ability
of biological system to readily detoxify the reactive intermedi-
ates or to repair the resulting damage. ROS include free radicals
such as superoxide (O,), hydroxyl radical (OH), peroxyl
radical (RO,) as well as non-radical species such as hydrogen
peroxide (H,O,). Disturbances in the normal redox state of
cells can lead to the production of peroxides and free radicals
that damage all components of the cell, including proteins,
lipids, and DNA. In humans, oxidative stress is thought to be
involved in the etiology of many diseases including cancer [1],
Parkinson’s disease, Alzheimer’s disease [2], atherosclerosis,
heart failure [3], myocardial infarction [4], fragile X syndrome
[5], sickle cell disease [6], lichen planus [7], vitiligo [8], autism
[9] and chronic fatigue syndrome [10]. However, reactive
oxygen species can be also beneficial, e.g. they are used by the
immune system as a way to attack and kill pathogens [11-13].

The effects of ROS/free radicals can be balanced by endog-
enous antioxidant enzymes including superoxide dismutase
(SOD), catalase (CAT), glutathione dependent enzymes such
as glutathione peroxidase (GPx), glutathione reductase (GR)

as well as by antioxidant compounds such as ascorbic acid,
a-tocoferol, glutathione and other dietary antioxidants, which
scavenge radicals or neutralize ROS, thus maintaining redox
balance [14]. Reduced activities of antioxidant enzymes have
been identified e.g. in the serum of patients with non-mela-
noma skin cancers [15]. Therefore, the antioxidant enzymes
and antioxidant molecules are believed to play an important
role in prevention of oxidative stress-related diseases such
as cancer, cardiovascular disease, Alzheimer’s disease and
muscular degeneration [16].

Plant- derived essential oils and lipid- soluble bioactive
compounds have gained attention for biological roles due to
their higher bioavailability compared to water-soluble bioac-
tive compounds. Recently, some essential oils extracted from
plants have been reported to have antioxidant effects through
scavenging radicals and inducing antioxidant enzymes
[17-19]. Lavandula angustifolia (true lavender or English
lavender) is a well-known aromatic plant rich in volatile oil
which is frequently reported to contain linalool (20-50% of
the fraction) and linalyl acetate (25-46% of the fraction) as
the major oil constituents [20]. The plant was also reported
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to contain phenolics including flavonoids, caffeic acid and
derivative of rosmarinic acid [21]. However, there is still a lack
of detailed data on the polyphenolic contents as well as on
the pharmacological activities of L. angustifolia. Majority of
results concerning the effects of lavender in different model
systems was obtained with lavender oil or with some of the
major components of L. angustifolia. Lavender essential oil,
volatile aromatic oily liquid isolated from Lavandula plants,
possesses many therapeutic properties including antioxidant,
anti-inflammatory [22], antimicrobial [23], antiplatelet and
antithrombotic [24], antimutagenic [25] and chemopreven-
tive [26] activities. Lavender essential oil is commonly used
in aromatherapy and massage. Its major clinical benefits are
on the central nervous system. Wang et al. [27] found that
treatment with lavender oil significantly decreased neurologi-
cal deficit scores, infarct size, the levels of malondialdehyde,
carbonyl and reactive oxygen species (ROS), upregulated
antioxidant enzymes such as superoxide dismutase (SOD),
glutathione peroxidase (GPx) and catalase (CAT) activities.
These results suggested that the neuroprotective effects of
lavender oil against cerebral ischemia/reperfusion injury in
mice may be attributed to its antioxidant effects.

In this study we evaluated the potential protective effect
of LO against hydrogen peroxide (H,0,) - and tert-butyl
hydroperoxide (tBHP)-induced oxidative DNA damage in
human hepatoma cell line HepG2 and in freshly isolated rat
hepatocytes isolated from animals supplemented with LO.
Furthermore, we investigated the effect of LO treatment on the
activity of enzymatic and non-enzymatic antioxidants (namely
superoxide dismutase — SOD, glutathione peroxidase - GPx
and intracellular glutathione - iGSH) in both (in vitro and ex
vivo) systems.

Material and methods

Chemicals. Lavandula angustifolia (LO) extract (Lavender
Flower CO,-se extract, type no. 084.001) was provided by Fla-
vex Naturextrakte GmbH (Rehlingen, Germany). The essential
oil was distilled from the flowers of Lavandula angustifolia. The
chemical composition determined by GC-MS method given
by manufacturer was as follows: 30.1% linalyl acetate; 25.4%
linalool; 6.5% 1.8-cineole; 2% lavandulyl acetate; 0.8% caryo-
phyllene; 0.75% a-terpineol; 0.4% lavandulol; 0.18% o-cimen;
0.16% limonen; 0.1% myrcen and 0.05% p-cymen. LO extract
was kept dry and in the dark place and diluted in DMSO (final
concentration was 1%). For the experiments, further dilutions
were prepared (i) in medium for HepG2 cells, to reach the
final concentrations (0.045-0.9 mg/ml), (ii) in drinking water
of rats to reach the final concentrations (0.1-0.5 mg/ml LO).

Hydrogen peroxide (H,O,; Sigma, Sigma-Aldrich Co.,
Steinheim, Germany) was stored at 4°C and diluted in
phosphate-buffered saline (PBS, Ca*" and Mg** free) to final
concentration of 300 pM immediately before the treatment
of HepG2 cells / hepatocytes. Tetra butyl hydrogen peroxide
(tBHP; Sigma, Sigma-Aldrich Co., Steinheim, Germany) was

diluted in phosphate-buffered saline (PBS, Ca** and Mg?** free)
to final concentration of 115 pM immediately before the treat-
ment of HepG2 cells and 200 uM for primary rat hepatocytes.
RANSOD kit was purchased from Randox Laboratories Ltd.
(Crumlin, UK) and glutathione reductase, glutathione, NA-
DPH from Sigma-Aldrich Co.

Media, antibiotics and chemicals used for in vitro, and ex
vivo experiments were purchased from Gibco BRL (Paisley,
UK). All other chemicals were of analytical grade from com-
mercial suppliers.

Cell culture. Malignant cell line HepG2 (human hepatocel-
lular carcinoma cells) was obtained from Prof. A.R. Collins
(University of Oslo, Oslo, Norway). The cells were cultured in
RPMI 1640 medium supplemented with 10% fetal calf serum
and antibiotics (penicillin 200 U/ml, streptomycin 100 pg/ml,
kanamycin 100 pg/ml) on plastic Petri dishes (©=10 cm) at
37°C in humidified atmosphere of 5% CO,

Cytotoxicity of LO in HepG2 cell line. HepG2 cells were
seeded into the series of 96 well plates in a density of 2x10*/well
and cultured in complete RPMI 1640 medium. Exponentially
growing cells were then pre-incubated in the presence of
LO (0.045-0.9 mg/ml) or without extract (control) for 24 h
and used for testing of cytotoxicity by the MTT assay. MTT
test is a colorimetric method for measuring the activity of
mitochondrial enzymes that reduce MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2.5-diphentltetrazolium bromide), a yellow
tetrazole, to purple formazan. This reduction takes place only
when reductase enzymes are active, and therefore conversion
is often used as a measure of viable (living) cells. In our experi-
ments, we incubated the properly treated HepG2 cells in 100 pl
of complete RPMI medium + 50 pl of 1 mg/ml MTT solution
for 4 h. For each sample at least 8 wells were used. Then, MTT
solution was removed, 100 pl of dimethyl sulfoxide (DMSO;
Sigma-Aldrich Co., USA) was added to each well and plates
were placed on an orbital shaker for 30 min to completely
dissolve the formazan crystals. Absorbance at a wavelength
of 540 nm was measured using an xMark™ Microplate Spec-
trophotometer (Bio-Rad Laboratories, Inc.) and background
absorbance at 690 nm was subtracted.

Animals and LO extract supplementation. Adult (8-10
weeks old) male and female Sprague-Dawley (SD) rats weigh-
ing 340-410 g, resp. 195-275 g were used. The animals were
obtained from AnLab Ltd. (Czech Republic) and maintained
one per cage in a temperature- and humidity-controlled room
with a 12 h light-dark cycle. They were given standard diet
(M3, Bonagro Inc., Blazovice, Czech Republic) ad libitum.
Thirty ml of lavender extract enriched water per animal was
prepared as a daily dose. Four groups (0, 0.1, 0.23 and 0.5 mg
of lavender extract/ml of water) containing at least three rats
(of each gender) were used for experiments.

Lavender extract enriched-water consumption for each rat
was recorded daily and individual body weights were measured
at the beginning and at the end of experiment. After 14 days
of supplementation, the average total body weight gain was
36-88 g. The animal facility of the Cancer Research Institute
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of the Slovak Academy of Sciences (CRI SAS) is authorized to
perform scientific research on animals. The Ethics Commit-
tee of CRI SAS approved the animal experiments which were
performed in full compliance with the European Community
Guidelines concerning principles for the care and use of the
laboratory animals. At the end of the experiments, the rats
were ethically sacrificed by an i.p. dose of thiopental and used
for the collection of blood samples and isolation of primary
hepatocytes.

Hepatocytes isolation and culture. Hepatocytes were iso-
lated by the two-step in situ collagenase (Sigma, Sigma-Aldrich
Co.) liver perfusion technique as described by Michalopoulos
et al. [28]. The cell viability assessed just after perfusions by
trypan blue (Invitrogen Gibco BRL, Paisley, UK) exclusion
was above 60%. According to Eckl et al. [29], the isolated
hepatocytes were plated at a density of 5x10° viable cells per
dish on collagen-coated 60 mm diameter plastic Petri dishes
in 5 ml of MEM containing 1.8 mM Ca*" and supplemented
with non-essential amino acids, pyruvate (1 mM), aspartate
(0.2 mM), serine (0.2 mM), penicillin (100 U/ml)/strepto-
mycin (100 pug/ml). The cultures were incubated at standard
conditions (37°C, 5% CO,). After an initial incubation period
of 2 h, the medium was exchanged for fresh MEM and the
cultures were returned to the incubator.

Treatment of primary rat hepatocytes. The hepatocytes
isolated from control as well as extracts-supplemented rats
were exposed to either H,O, or tBHP. Treatment of hepatocytes
with H,O, (300 uM) was carried out with cells embedded in
agarose on slides at 4°C for 5 min in the dark. For the treatment
(2 h) with tBHP (dissolved in MEM to the final concentration
of 200 uM), we used hepatocytes plated on Petri dishes. After
the treatment, the cells were washed, detached with collagenase
and embedded in agarose for the comet assay (Horvathova et
al., 1997).

Single cell gel electrophoresis (SCGE, the comet assay).
The procedure of Singh et al. [30] was used with minor modi-
fications suggested by Slameniova et al. [31] and Géabelova et
al. [32]. Briefly: 2-2.5x10*of hepatocytes were spread on a 1%
normal melting point (NMP) agarose pre-coated microscopic
slides and covered with a cover slip. After solidification of the
gels, the cover slips were removed and treatment with H,O, was
carried out. The samples of tBHP were treated with relevant
concentrations in Petri dishes (@=40 mm) at 37 °C in a CO,
incubator. The slides containing hepatocytes were then placed
in lysis solution (2.5 M NaCl, 100 mM Na,EDTA, 10 mM Tris-
HCI, pH=10 and 1% Triton X-100, at 4°C) for 1 h to remove
cellular proteins. Slides were transferred to an electrophoresis
box and immersed in an alkaline solution (300 mM NaOH,
1 mM Na EDTA, pH>13). After 40 min of unwinding time,
avoltage of 25V (0.3 A) was applied for 30 min at 4°C.

The following steps of unwinding and electrophoresis were
identical both in the conventional and modified procedure,
i.e. the slides were neutralized with 3x5 min washes with
Tris-HCI (0.4 M, pH=7.4) and stained with ethidium bromide
(EtBr, 5 pg/ml; Sigma Chemical Company, St. Louis, MO).

EtBr-stained nucleoids were examined with Zeiss Imager.
Z2 fluorescence microscope using the computerized image
analysis (Metafer 3.6, MetaSystems GmbH, Altlussheim,
Germany). The percentage of DNA in the tail (% of tail DNA)
was used as a parameter for DNA damage measurement.
One hundred comets were scored per each sample in one
electrophoresis run.

Antioxidant enzyme activity assays. For determination
of superoxide dismutase (SOD, EC1.15.1.1) and glutathione
peroxidase (GPx, EC1.11.1.9) activities, we used 3x10* HepG2
cells/hepatocytes isolated from control as well as extracts-
supplemented rats which were solved 1:1 in 0.1% Triton
X-100. For determination of SOD we used 1.5x10* cells and
the RANSOD kit. The method employs xanthine and xanthine
oxidase to generate superoxide radicals which react with
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride to form a red formozan dye. The activity is measured
by the degree of reaction inhibition. For GPx determination
according to the method of Paglia and Valentine [33], we used
3x10*hepatocytes and cumene hydroperoxide as a substrate.

GSH assay. Intracellular glutathione (iGSH) was meas-
ured by flow cytometry using monochlorobimane (MCB;
Sigma, Sigma-Aldrich Co., Steinheim, Germany) staining
for iGSH. 1-2x10°hepatocytes isolated from control and LO-
supplemented rats were stained with 40 pM MCB at room
temperature for 20 min in the dark. After several washings,
samples were measured at flow cytometry using a Canto II
flow cytometer (Becton Dickinson) fitted with 405 and 488 nm
lasers [34].

Serum biochemical parameters. All tested enzyme
(AST, ALT, ALP) activities were determined on the analyzer
Olympus AU 640 (Olympus Life and Material Science Eu-
ropa GmbH, Germany) with reagent sets: OSR6209 for AST,
OSR6107 for ALT and OSR6204 for ALP (Olympus Life and
Material Science Europa, Ireland). The principles of all de-
terminations were based on the testing of enzymatic activity
in accordance to IFCC recommendations.

Aspartate transaminase (AST, EC2.6.1.1) catalyzes transam-
ination from L-aspartate to 2-oxoglutarate forming oxalacetate
and L-glutamate. In the second step, the oxalacetate is reduced
to L-malate with the aid of malate dehydrogenase. Reduction
of NADH concentration is measured at 340 nm. For the en-
suring the maximal activity of AST in the first step, pyridoxal
phosphate is added to the reaction mix.

Alanine aminotransferase (ALT, EC2.6.1.2) transfers the ami-
no group from alanine to 2-oxoglutarate, producing pyruvate
and L-glutamate. Pyruvate is subsequently reduced to L-lactate
whereby decreases the absorbance of NADH at 340 nm. Endog-
enous pyruvate is removed during the incubation.

Alkaline phosphatase (ALP, EC3.1.3.1) converts p-nitropehyl
phosphate to p-nitrophenol and 2-amino-2-methyl-1-propanol
as the phosphate acceptor in the presence of Mg?* and Zn?** at
pH=10.4. Rate of absorbance change is tested at 410/480 nm.

Statistical analysis. Data were analyzed by SPSS 15.0
software. One-sample Kolmogorov-Smirnov test was used to
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Figure 1. Cytotoxicity/viability of HepG2 cells treated with Lavandula
angustifolia extract (0-0.9 mg/ml) for 24 h. Data represent means + SD of
3 independent experiments.

test normality of datasets distribution. Because all datasets
were normally distributed the independent samples ¢-test was
performed to test for significant differences between groups.
Differences between more than two groups were assessed by
one way analysis of variance (ANOVA) followed by the Bonfer-
roni test if equal variances were assumed or Tamhane s test if
equal variances were not assumed. The data are expressed as
means + standard deviations (SD). Differences with p<0.05
are considered to be statistically significant.

Results

Effects of LO extract on HepG2 cell viability. Cytotoxic
effect of 24 h treatment of different concentrations of LO
(0-0.9 mg/ml) extract was evaluated in HepG2 cells by the

Table 1. The activity of enzymes glutathione peroxidase (GPx) and
superoxide dismutase (SOD) in HepG2 cells treated with Lavandula
angustifolia for 24 h and hepatocytes isolated from control as well as
extracts-supplemented rats.

Gpx SOD

(U/mg prot) (U/mg prot)

Control 1.269+0.130 9.944+0.320

HepG2 (mg/ml) 0.09 1.458+0.250 10.75%1.450
0.19 1.555+0.210 9.315%1.260

0.37 1.624+0.130™" 9.99+0.560

Control 0.457+0.011 1.658+0.370

Primary rat hepatocytes 0.1 0.606+0.021" 2.290+0.430°
(mg/ml) 0.23 0.993+0.013" 2.20+0.400
female 0.50 1.198+0.024***  2.086+0.170*
Control 0.461£0.019 1.663%0.290

Primary rat hepatocytes 0.10 0.598+0.031" 2.311+0.330°
(mg/ml) 0.23 1.015+0.009™" 2.41+0.380%
male 0.50 1.222+0.051** 2.125+0.220*

Data represent means + SD of 5 independent experiments. *P < 0.05; **P <
0.01 and ***P < 0.001 indicate significant differences compared to the control.

MTT assay. The results are summarized in Figure 1. IC_ value
(median inhibitory concentrations that cause approximately
50% cell death) represented: 0.37 mg/ml of LO extract. Further
studies aimed at genotoxic and DNA-protective effects of LO
extracts were assessed at IC~, .

DNA-protective effect of LO extract against DNA strand
breaks induced by H,0,. The level of DNA single strand
breaks induced in HepG2cells and primary rat hepatocytes by
H,0, was determined by the SCGE. HepG2 cells were prior
to H,O, treatment incubated for 24 h in the presence of LO
extract (0-0.37 mg/ml). Primary rat hepatocytes were isolated
from animals supplemented with LO (0-0.5 mg/ml in drink-
ing water) for 14 days. The reduction of H,O,-induced DNA
damage by LO is shown in Figure 2. Our results showed that
the levels of DNA lesions induced by H,O, were significantly
decreased by LO at the concentrations of 0.19 and 0.37 mg/ml in
HepG2 cells, and at all concentrations in primary rat hepato-
cytes, respectively. No significant difference in response to
LO pre-treatment was detected between genders. The level of
DNA strand breaks induced in both experimental systems by
extract LO alone did not differ significantly from the level of
DNA strand breaks in untreated control cells (data not shown).

DNA-protective effects of LO extract against DNA strand
breaks induced by tBHP. Figure 3 presents the level of DNA
damage induced with tBHP as detected by comet assay in
HepG2cells and primary rat hepatocytes. The results were
similar to the results found in H,0,-induced DNA damage.
Our results showed that the levels of DNA lesions induced by
tBHP were significantly reduced by extract LO in both experi-
mental systems in vitro and ex vivo, respectively.

Effect of LO on antioxidant status. To determine the
effect of pre-treatment with LO (in HepG2 cell and in pri-
mary hepatocytes isolated from LO supplemented animals)
on antioxidant status, iGSH content, superoxide dismutase
(SOD) activity and glutathione peroxidase (GPx) activities
were measured.

Table 1 shows that the activity of SOD in primary rat
hepatocytes was significantly increased compared to the values
from hepatocytes isolated from control animals, whereas treat-
ment of HepG2 cells with LO had no effect. On the other hand,
activity of GPx in the both experimental systems was increased
significantly by dose-dependent manner. This increase was
more significant in primary hepatocytes. GSH contents were
determined using MCB staining for flow cytometry, however
no effect of LO extract on the iGSH content in either HepG2
or primary hepatocytes was detected when compared to the
untreated control cells (data not show).

Serum biochemical parameters. We estimated serum
activities of three enzymes: aspartate transaminase (AST),
alanine aminotransferase (ALT) and alkaline phosphatase
(ALP) in blood plasma of control animals as well as of rats
supplemented with LO (Table 2). The levels of ALP in female
or male primary rat hepatocytes were significantly reduced
(in male-0.5 mg/ml; in female-0.23, 0.5 mg/ml) by LO extract.
On the other hand, level of ALT was significantly decreased
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Figure 2. The levels of DNA damage in HepG2 cells pre-treated with
Lavandula angustifolia extract for 24 h or in hepatocytes isolated from
control as well as extracts-supplemented rats and then exposed to 300 uM
H,O,. White or black bars symbolized negative or positive control and
grey bars combination effect of H,0,/ LO. Data represent means + SD of
5independent experiments. *P < 0.05; **P < 0.01 and ***P < 0.001 indicate
significant differences compared to H,0,.

only in the female primary rat hepatocytes by dose-dependent
manner. Ratio ALT/AST as a parameter of liver [35] injury
was analyzed for female and male rats, and did not show any
significant gender differences (data not shown).

Discussion

Recently, there is an increasing interest in the use of
natural substances, either pure compounds or complex plant
extracts, which possess the ability to scavenge free radicals.
Plant extracts are rich in so called secondary metabolites
which provide for plant e.g. defense against biological agents
or protection against UV radiation [36]. Essential oils (EO),
concentrated hydrophobic liquids, containing volatile aro-
matic compounds such as terpenes and phenols, represent
examples of them. Based on the cyclical system of conjugated
double bonds in the molecule of the compound, spatial ar-
rangement and the various substituents it can be assumed
that many of EO manifest antioxidant properties [37-39].
A great advantage of EO is that they are able to penetrate
into a tissue up to 100-times faster than water [40]. They may
act within cells either directly as antioxidants (to scavenge
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Figure 3. Thelevels of DNA damage in HepG2 cells pre-treated with Lavandula
angustifolia extract for 24 h or in hepatocytes isolated from control as well as
extracts-supplemented rats and then exposed to 115 puM tBHP for HepG2 cells
and 200 uM tBHP for primary rat hepatocytes. White or black bars symbol-
ized negative or positive control and grey bars combination effect of tBHP /
LO. Data represent means + SD of 5 independent experiments. *P < 0.05; **P
<0.01 and ***P < 0.001 indicate significant differences compared to tBHP.

ROS and other radicals in the cytoplasm) or indirectly, by
activating endogenous antioxidant enzymes (SOD, CAT
and GPx) or the transcription factors that control the redox
balance of the cell [41, 42]. EO of lavender (Lavandula an-
gustifolia) has long been used in folk medicine, cosmetics
and aromatherapy [43, 44]. Several studies confirmed that
LO is useful in the treatment of skin ulcers [45], lesions
[46] and burns, thanks to its analgesic and anti-microbial
properties [23]. Antibacterial effects of LO were proved
against MRSA (methicillin-resistant Staphylococcus aureus)
[47], Propionibacterium acnes [48] and Candida albicans
[49]. LO also partially helps against fungal diseases of the
teet (Trycophyton rubrum and T. mentagrophytes) and calms
the skin with herpes zoster [50]. There is relatively little
information dealing with the antioxidant properties of LO.
Biochemical analysis (2.2-diphenyl-1-picrylhydrazyl -DPPH
and 2.2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid)- ABTS assays) and our preliminary results suggest that
LO may display antioxidant activity [51]. Cadet and Douki
[52] found out that in in vitro experiments LO inhibited the
production of singlet oxygen ('O,), the main photoproduct
of UVA. On the other hand, UV light caused degradation of

Table 2. The effect of Lavandula angustifolia consumption on activity of liver biochemical parameters in hepatocytes of female and male rats isolated

from control as well as extracts-supplemented rats.

AST (pkat/1) ALT (pkat/1) ALP (ukat/1)
LO oil supplementation Females Males Females Males Females Males
Control 1.60+0.214 1.62+0.297 0.93+0.101 0.90+0.062 4.70+0.396 4.81+0.253
0.10 mg/ml 1.75+£0.320 1.62+0.316 0.76+0.093 0.71+0.114 3.42+0.625 4.92+0.590
0.23 mg/ml 1.51+0.285 1.58+0.021 0.72+0.045* 0.80+0.045 3.38+0.551* 4.47+0.445
0.50 mg/ml 1.32+0.134 1.90+0.125 0.69+0.039** 0.95+0.157 3.10+0.479* 3.80+0.399

Data represent means + SD of 5 independent experiments. *P < 0.05; **P < 0.01 and ***P < 0.001 indicate significant differences compared to the control.
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secondary metabolites in the LO resulting in a reduction of
its antioxidant activity [53].

A variety of crude plant extracts has been also reported
to show hepatoprotective activity and may be useful in the
treatment of various liver diseases with different etiology
[54, 55]. In the present study, we have demonstrated DNA-
protective effects of lavender oil against two oxidative agents
(H,0, and tBHP) in in vitro and ex vivo conditions, i.e. in
human hepatoma cell line HepG2 and in primary rat hepato-
cytes isolated from animals supplemented by LO. First, the
cytotoxicity of LO was determined in HepG2 by MTT assay.
Our results showed that 24 h treatment of cells with LO af-
fected cell viability in a dose dependent manner; IC,  equaled
0.37 mg/ml. Farshori et al. [56] found that all the four extracts
of L. coronopifolia (namely petroleum ether extract, chloro-
form extract, ethyl acetate extract, and alcoholic extract) in
concentration up to 50 mg/ml did not cause any significant
effect on cell viability of HepG2 cells. Findings indicated that
aqueous extract of L. angustifolia inhibited cell proliferation
in both lymphocytes and cell lines with different effects. The
effective concentration of lavender that decreased viability of
Hodgkin's lymphoma cells below LC, | (Iethal concentration)
value was 100 pg/ml and this was half of the therapeutic dose.
In addition, apoptosis was the main mechanism the Hodgkin’s
lymphoma cell encountered when exposed to the aqueous
extract of lavender [57].

Induced intracellular ROS generation in HepG2 cells in-
dicated that H,0, and tBHP cause oxidative stress, leading to
hepatotoxicity. H,O, induces predominantly DNA breaks via
the formation of -OH radicals by the Haber—Weiss reaction,
which is catalyzed by ferric ion. Like all reactive oxygen species,
it is generated from nearly all sources of the oxidative cycle
and has the ability to diffuse in and out of cells and tissues.
Among ROS, OH has an extremely high reactivity with DNA,
lipids and proteins, leading to cellular injury [58]. The second
oxidant used in our study was tBHP which can be metabolized
to free radical intermediates by cytochrome P450 (in hepato-
cytes) or hemoglobin (in erythrocytes). This can subsequently
lead to decomposition to peroxyl radicals, generation of lipid
peroxides and ROS [59] thus affecting cell integrity.

It is well known that administration of natural products can
suppress increased level of intracellular ROS [60]. Also our
previous studies reported that natural extracts administration
protects cells against exogenous oxidative damage, improves
antioxidant status of cells or affects biochemical serum param-
eters [61-63]. In the current study pretreatment with lavender
oil showed its preventive effects against oxidant-induced DNA
damage in HepG2 cells. DNA protective effect of LO was even
more prominent in primary hepatocytes isolated from animals
supplemented with drinking water with added LO compared
to HepG2 cells.

Human body has an effective defense system to protect and
neutralize free radical-induce damage. This is accomplished
by endogenous antioxidant enzymes such as CAT, SOD,
and GPx. These enzymes constitute a mutually supportive

team of defense against ROS [64]. We have investigated the
activities of following antioxidants enzymes: SOD and GPx
and non-enzyme iGSH in cells pretreated with LO. SOD and
GPx enzymes catalyze the complete chain reaction in which
superoxide anion, the first produced ROS, is sequentially
converted into water [65]. The enzymes SOD and GPx act by
reducing the rate of production of new radicals; therefore, they
are referred to as preventive antioxidants [66]. In the present
study LO significantly increased the activity of SOD only in
primary rat hepatocytes while the activity of GPx was increased
significantly by dose-dependent manner in both experimental
systems. Our observations are in a good agreement with our
previous results when were used natural extracts namely, sage
and thyme [61, 63].

When assessing the effectiveness of the defense system
against free radical damage in experimental animals it is
important to know the functionality of the metabolic state,
especially the liver. Therefore, the markers: AST, ALT and ALP
were selected and the effect of the supplementation with LO
was evaluated as a change in these biochemical parameters in
blood serum, since they are commonly used for investigating
and recognition induced liver toxicity [67, 68]. Several types
of biochemical parameters have been reported (i) hepatocyte
membrane ‘leakage’ enzymes; (ii) cholestatic-induction pa-
rameters and (iii) parameters related to liver function deficits.
The hepatic ‘leakage’ enzymes (including AST and ALT) ‘leak-
out’ from the membrane of hepatocytes into peripheral blood.
This is followed by hepatocellular injury or alterations in liver
membrane permeability. ALP is considered as a cholestatic-in-
duction enzyme of the hepatobiliary origin and shows minimal
activity in normal hepatic tissue. Abnormalities in liver cells
or in the bile duct can be detected by elevated liver enzymes
[69]. It has been demonstrated by us and other groups that
other plant extracts (thyme oil, sage and thyme extracts) did
not show any significant changes in body weight, food intake,
biochemical parameters or histological pattern of the liver [63,
70, 71] in rats supplemented with these natural compounds of
plant origin. Our biochemical analysis showed no significant
differences in enzymatic activities of AST in LO supplemented
animals and controls. For the ALT levels, we detected slightly
decreased levels in female rats, however in male group, no dif-
ference was observed. Male rats supplemented with 0.5 mg/ml
of LO, as well as females (0.23 and 0.5 mg/ml) had reduced
levels of ALP. Interestingly, also our previous study with sage
and thyme extract-supplemented rats confirmed lower levels
of biochemical parameters [63].

The essential oil from Lavandula angustifolia might be useful
as a natural ingredient for the prevention of oxidative damage
in liver cells and tissue. In summary, our findings revealed that
the H O_/tBHP-induced oxidative stress-mediated cell death in
HepG2/primary rat cells could be to some extent prevented by
pre-treatment with L. angustifolia through reduction of oxida-
tive stress. L. angustifolia may have protective antioxidant and
hepatoprotective properties and offer new alternatives to the
limited therapeutic options to treat the liver diseases.
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