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Abstract

induced by TFM.

Background: Among insecticides belonging to the insect growth regulators class, we are interested in this present work in the
study of Triflumuron (TFM) which is widely used in the protection of crops, human and animal health against diseases caused
by certain vector insects. However, the bibliographic data of its toxicity in vitro are almost impossible to find. The increased use
of these insecticides has caused severe damage. This prompted us to look for preventive strategies with respect to the toxicity

Objective: Our study aimed to test the effect of an antioxidant substance, the fennel essential oil (FEO) against toxicity induced
by TFM using two different cell lines, the human renal embryonic cells (HEK 293) and hepatocytes (Hep G2).

Methods and results: According to the MTT assay, and independently of the cell line used, we showed a significant reduction
in the cell viability, an increase in reactive oxygen species (ROS) generation, MDA levels and mitochondrial membrane potential
in both cell lines after their treatment with TFM. Moreover, we showed an increased in both catalase and superoxide dismutase
activities. We demonstrated also, that TFM is an inductor of DNA damages quantified by the comet assay accompanied by
apoptosis, highlighted by the evaluation of the expression of pro and anti-apoptotic proteins (Bax and Bcl2).

Conclusion: However, the use of FEO reversed completely the cytotoxicity induced by TFM.

Keywords: Triflumuron; Renal Cells; Hepatocytes; Apoptosis; Genotoxicity; Fennel Essential Oil
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Introduction

Pesticides are used to define a range of chemicals used
to kill pests in the agricultural sector or other applications
such as home maintenance or human medicine. The impact
of pesticides on health and environment led to the search
for other control measures to protect stored foodstuffs from
damage caused by insect pests. Among these products, we

Fennel Essential Oil Prevents Cytotoxicity and Genotoxicity Induced by Triflumuron in Two Human Cell

Lines

were interested on insect growth regulators insecticide’s
which disrupts the normal development of insects. They act
by inhibiting or blocking the synthesis of chitin, an essential
and almost indestructible part of the exoskeleton [1].

Among the insecticides belonging to the class of insect

growth regulators, we worked in this present study with
Triflumuron (TFM) commonly used in Tunisia and mainly
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known for its numerous toxic manifestations which could
affect public health. TFM is widely used in the protection
of crops, human and animal health against diseases caused
by certain vector insects [1-3]. Mechanically, TFM inhibits
the synthesis of chitin, which leads to a change in the moult
of insects, accompanied by their death [4-6]. However, the
bibliographic data of its toxicity in vitro are almost impossible
to find.

In this context, our study aims, in a first part, to reveal
the molecular mechanism by which TFM induced its toxic
effects in different renal and hepatic human cell lines namely
HEK-293 and Hep G2. Thus, the part of oxidative stress in the
toxicity induced by TFM, in the two cell lines, was assessed by
the determination of cell viability, the generation of reactive
oxygen species (ROS), the measurement of MDA levels and
the mitochondrial trans membrane potential. The antioxidant
system was also evaluated by determining the activities of
catalase and superoxide dismutase (SOD). Besides, the study
of TFM-induced apoptosis was determined by measuring the
expression of pro and anti-apoptotic proteins. The expression
of the heat shock protein Hsp70 has been determined. Hsp
are markers involved in the early detection of toxic effects
[7,8].

Due to the toxic effects of TFM, we tried to find a way to
limit these effects by using antioxidant substances. Among
these natural antioxidant molecules, we focused on fennel
essential oil (FEO) which is used in many sectors such as
the cosmetic industry, pharmaceuticals and perfumes. In
addition, this oil is used as an additive in food preparation [9].
Numerous studies showed the important effects of FEO in the
treatment of certain human diseases, due to these medicinal
activities such as anti-diuretic, anti-inflammatory, analgesic,
antioxidant [10], antiseptic, sedative and stimulating [9,11].
In this context, our work aimed, in a second part, to study
the possible preventive effects of FEO against the cytotoxicity
and the genotoxicity induced by TFM in both renal and
hepatic cell lines.

Material and Methods

Chemicals

Triflumuron (TFM) and Fennel Essential Oil (FEO)
were purchased from Sigma-Aldrich (St. Louis, MO, USA).
3-4,5-Dimethylthiazol-2-yl, 2,5- diphenyltetrazolium
bromide (MTT), cell culture medium (MEM), foetal calf
serum (FCS), phosphate buffer saline (PBS), trypsin-EDTA,
penicillin and streptomycin mixture and L-glutamine (200
mM) were from GIBCO-BCL (UK). 2, 7-Dichlorofluoresce
diacetate (DCFH-DA) was supplied by Molecular Probes
(Cergy Pontoise, France). Low melting point agarose (LMA)
and normal melting point agarose (NMA) were purchased
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from Sigma (St. Louis, MO, USA). Mouse anti-Hsp 70 (SP-
810) was from stressgen (Canada), mouse monoclonal anti-
bax and anti-bcl2 were from Invitrogen (Carlsbad, California,
USA) and mouse anti -GAPDH (ab983) was from ABCAM.
All other chemicals used were of analytical grade. All other
chemicals used were of analytical grade.

Cell culture

Hepatic cells (derived from human hepatocellular
carcinoma; HepG2), and renal cells (Human Renal Embryonic
Cells (HEK 293)) were used in this work. Their culture was
performed respectively, in Dulbecco’s modified Eagle’s
medium (DMEM) for the liver line and MEM for the kidney
line. Then, cells were incubated at 37°C with 5% CO, for 24 h.
In addition both culture media were enriched with 10% FBS,
1% L-glutamine (200 mM), 1% of mixture penicillin (100 [U
/ mL) and streptomycin (100 mg / mL).

Cell toxicity assay (MTT assay)

The MTT test is a cell viability test based on measuring
the activity of the mitochondrial enzyme, succinate
dehydrogenase. In living cells, this enzyme converts succinate
into fumarate. This oxidation reaction can be coupled with
a reduction of MTT (yellow) to formazan (blue-violet). The
intensity of the color is assessed by spectrophotometry
at 570 nm and is proportional to the activity of succinate
dehydrogenase, which is itself proportional to cell viability
[12].

Cells are seeded in multi-well plates (96 wells; 27.10*
cells / well) in a volume of 200 pL of medium and incubated
at 37°C. 24 h later, the medium is renewed and cells in the
exponential growth phase are treated with TFM alone or
combined with FEO (100, 150 and 200 pM) in a volume not
exceeding 1% of the volume of the total cellular medium. Cells
are incubated for 24 h at 37°C, in an atmosphere containing
5% CO,. The medium is then removed and cells were rinsed
3 times with PBS and then incubated in the presence of a
solution of MTT (5 mg / mL) diluted 1/10 in medium at a rate
of 200 pL. / well for 4 h at 37°C. The MTT solution is removed
and the insoluble formazan crystals formed are dissolved in
DMSO. The absorbance is finally measured at 540 nm. The
percentage of cell viability is determined relative to the
untreated cells representing 100% viability. The inhibitory
concentration of 50% of the cells for each molecule used is
determined from the curve representing the percentages of
cell viability as a function of the concentrations of agents.

Oxidative Stress Status

» Reactive oxygen species determination
2 “ 7" dichlorodihydrofluorescein diacetate (DCFH-DA)
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is a fluorochrome that in living cells, it will be deacetylated
by cellular esterases to a non-fluorescent compound, DCFH.
The latter, will be oxidized, in the presence of ROS, to a
fluorescent compound: DCF [13-15]. The dosage of free
radicals is determined following the inoculation of cells in
multi-well plates (96 wells) at the rate of 2.10* cells / well.
After 24 h, cells are incubated for 30 min with 20 uM of
DCFH-DA and are then treated with the various substances
(FEO, TFM) for 24 h. H,0, (20 uM) is used as a positive
control. Fluorescence is measured by a fluorimeter (Biotek
FL x 800) with an excitation wavelength of 485 nm and an
emission wavelength of 530 nm.

» Protein extraction

Hep G2 and HEK-293 cells are seeded in 6-well plates at
arate of 10° cells / well. After 24 h of incubation, cells treated
with the different concentrations of the studied molecules
are recovered by trypsinization and centrifugation. Cell
pellet is suspended in 100 pl of lysis buffer (0.5M HEPES;
1M Mgcl,; 1M KCI; 80% glycerol; NP40 (Nonidet P40) 80%;
PMSF 20 mg / mL, Aprotinin 5 mg / mL; Leupeptin 5 mg /
mL; DTT (Dithiothreitol) 1M) then incubated for 2 h at 4°C,
then centrifuged again at 12000 rpm for 30 min at 4°C. The
supernatant which constitutes the protein fraction and the
protein concentration was determined using the Bradford
method [16].

» Lipid peroxidation

To determine lipid peroxidation in cell extracts, we
monitored the measurement of MDA level. Indeed, the
spectrophotometric assay of MDA is carried out according
to the method described by Ohkawa, et al. [17]. Hepatic and
renal cells are seeded at a rate of 10° cells / 2 ml of complete
medium in 6-well plates and incubated for 24 h. Then cells
are treated with TFM and FEO at the concentrations already
mentioned, for 24 h in a humidified atmosphere (5% CO,
- 95% air). After incubation, the medium is removed, the
cell layer is rinsed twice with 500 pl of PBS, cells detached
from their support by trypsination, are recovered. Thus, cell
extracts are taken up in 200 uL KCl (1.15% at 0°C) to which
are added 200 pL SDS (8.1%), 1.5 mL acetic acid (20%), 1.5
mL thiobarbituric acid (0.8%). The samples are heated at
95°C for 120 min then cooled to room temperature. 5 mL of
a mixture of n-butanol + pyridine (15: 1 v / v) are added to
each sample. After vigorous stirring and centrifugation at
1800 rpm / 10 min, the supernatant is isolated and the DO
is taken at 546 nm. Finally, MDA production is expressed as
pumol MDA / mg of proteins.

> Protein extraction and Hsp 70
determination
Lysate containing 20 pg of proteins was subjected to 10%
SDS-polyacrylamide gel electrophoresis. Separated proteins

expression
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were transferred onto 0.45 pm nitrocellulose membrane in
transfer buffer (10 mM Tris-base, pH 8.3, 96 mM glycine and
10% methanol). After having been blocked with 5% BSA,
the membrane was incubated with Hsp70 antibody for 4 h
(1:1000 dilutions). Subsequently, the membrane was washed
twice more and incubated with the appropriate secondary
antibody for 2 h. Next, the membrane was washed and the
chromogenic substrate BCIP/NBT was added to localize
antibody binding. Protein levels were then determined by
computer-assisted densitometric analysis (Densitometer,
GS-800, BioRad Quantity One).

Antioxidant Enzymes Determination

» Measurement of catalase (CAT) activity

Catalases are enzymes involved in the cell’s defense
against oxidative stress by eliminating oxygen species
(H,0,). According to the technique described by Aebi [18], in
a quartz tank, we introduced in order: 780 pL of phosphate
buffer (100 mM; pH 7.4), 200 uL of hydrogen peroxide (H,0_;
50 mM) and 20 pL of cell extract. The measurement is made
at 240 nm at a time t = Os and t = 60s, and the Catalase
activity was calculated using the molar extinction coefficient
(0.04 mM -! cm -'). Results were expressed as mmol / min /
mg protein.

» Measurement of superoxide dismutase (SOD)

activity

SOD is an enzyme that eliminates superoxide anion, the
first toxic species formed from oxygen. The activity of this
enzyme is assayed according to the method described by
Marklund and Marklund [19]. The method is based on the
auto-oxidation and illumination of pyrogallol at 440 nm for 3
min. One unit of SOD activity was calculated as the amount of
protein that caused 50% pyrogallol auto-oxidation inhibition.
The SOD activity is expressed as U / mg protein.

Apoptosis Analysis

» Mitochondrial membrane potential (MMP) assay

The measurement of the potential membrane allowed
the evaluation of the mitochondrial apoptotic pathway in
cells by a toxic substance. Several membrane-permeable
lipophilic cations can accumulate in the mitochondria of
eukaryotic cells in response to the mitochondrial membrane
electrical potential [20]. These cations are widely used to
study the fall in mitochondrial membrane potential [21].
Among these probes, we find Rhodamine 123 (Rh-123),
which exhibits fluorescence following its distribution in
energized systems, the rate of decrease of this fluorescence
proves to be proportional to the drop in the mitochondrial
membrane potential [20,22].
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Thus, cells are seeded at a rate of 27.10* cells / well in
multi-well plates (96 wells). After 24 h, cells are pretreated
for 2 h with the FEO in the presence or absence of TFM under
the different treatment conditions for each cell line. Then,
the medium is removed and the cells are incubated for 30
min with 5 uM of Rhodamine 123. Cells are rinsed and re-
incubated with PBS for 15 min. The fluorescence is finally
measured using a fluorimeter (Biotek FLx800) with an
excitation wavelength of 485 nm and an emission wavelength
of 530 nm. The decrease in fluorescence intensity reflects
the decreased retention of Rh-123 and therefore the drop in
mitochondrial potential.

»> DNA damage assessed by the comet assay

The Comet test was firstly, described by Ostling and
Johanson [23]. Cells fixed in agarose, placed on microscope
slides then lysed, release DNA which is electrophoresed in
an electric field. DNA with single or double stranded breaks
will migrate further towards the anode and show under
a fluorescent microscope a DNA streak that forms the tail
adjacent to the intact DNA that remains at the head of the
comet. To do this, 6-well plates are used to inoculate 7.5 x
10 ® cells / well. Then, the cells are treated with the different
concentrations of TFM and FEO for 24 hours. Approximately
2 x 10* cells were then recovered and mixed with 1% low
melting dot agarose (LMP) in PBS and a microscope slide
spread previously covered with a 1% normal melting agarose
(NMP) in PBS layer.

After agarose solidification, cells were treated with an
alkaline lysis buffer (2.5M NaCl, 0.1M EDTA, 10Mm Tris,
pH 10, 1% (v/v) Triton X-100 and 10% (v/v) DMSO) for 1
h at 4°C, then the DNA was allowed to unwind for 40 min
in the electrophoresis buffer (0.3M NaOH, 1mM EDTA, pH >
13). The slides were then subjected to electrophoresis in the
same buffer for 30 min at 25 V and 300 mA. Slides were then
neutralized using a Tris buffer solution (0.4MTris, pH 7.5)
for 15 min. After staining the slides with ethidium bromide
(20 pg/mL), the comets were detected and scored using
a fluorescence microscope. The experiment was done in
triplicate. The damage is represented by an increase of DNA
fragments that have migrated out of the cell nucleus during
electrophoresis and formed an image of a “comet” tail. A total
of 100 comets on each slide were visually scored according to
the intensity of fluorescence in the tail and classified by one
of five classes as described by Collins, et al. [24]. The total
score was evaluated according to the following equation: (%
of cells in class 0 x 0) + (% of cells in class 1 x 1) + (% of cells
in class 2 x 2) + (% of cells in class 3 x 3) + (% of cells in class
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4 x 4),
» Determination of Bax and Bcl2 Status

To determine the expression levels of these two proteins,
cell extracts treated with TFM alone or combined with FEO
were migrated on an SDS polyacrylamide gel. A transfer
step on a nitrocellulose membrane was performed before
incubating with BSA. Then, the membrane was incubated
with primary antibody for 4 h at the following dilutions: Bcl2
and Bax (1:1000 dilutions). Then we washed the membrane
for 2h with the appropriate secondary antibody. Next,
we washed the membrane and we add the chromogenic
substrate BCIP/NBT in order to localize antibody binding.
Finally, we used computer-assisted densitometric analysis
(Densitometer, GS-800, BioRad Quantity One) to determine
Protein levels.

Statistical Analysis

Each experiment was done three times separately and
data were expressed as the mean = SD of the means. One-
way ANOVA was used to assess differences among the groups
followed by Dennett’s post hoc test. When two groups were
compared, differences were assessed by Student’s t test.
Differences were considered significant at P<0.05.

Results

Effect of FEO on cell viability

The exposure of HEK-293 and Hep G2 cells to increasing
concentrations of TFM ranging from 100 uM to 500 uM for 24
h showed a clear decrease in the percentage of cell viability
in both used cells. Indeed, the IC 50 found is 200 and 120
UM respectively for HEK-293 and Hep G2 cells (FigurelA).
In order to determine the adequate concentrations of
fennel essential oil (FEO) presenting the best preventive
effects against TFM toxicity, HEK-293 and Hep G2 cells were
treated with different FEO concentrations (50 - 500 pM). Our
results showed that in the presence of 300 uM of FEO, cells
remained alive (Figure 1B). Thus, for the rest of this study,
we have chosen to work with 100, 150 and 200 uM where
the percentages of cell viabilities obtained are similar to the
values found for untreated cells.

The pretreatment of 2 of HEK-293 and Hep G2 cells with
100, 150 and 200 uM of FEO before their exposure to the IC
50 found for each cell type for 24, decreased, significantly, the
cytotoxicity induced by TFM of a dose dependent-manner
(Figure 1C).
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Triflumuron alone.

Figure 1: Percentage of cell viability after treatment of HEK-293 and Hep G2 cells with Triflumuron (TFM) alone (A), Fennel
Essential Oil alone (FEO) (B) and their combinations (C) determined by the MTT test. Data are expressed as mean * standard
deviation of independent experiences. Data are expressed as mean * standard deviation of independent experiences (n = 6).
*#* p <0.001 are significantly different from the control; (##) and (####) significant difference compared to cell treated with

Effect of FEO on TFM- induced ROS production

Figure 2 showed the FEO inhibitory effect on TFM-
induced ROS generation in renal and hepatic cells. The level
of ROS produced by the different cells in the presence or
absence of TFM and FEO was measured using the DCFH-DA
method. Indeed, in the presence of H,0, in the intracellular
medium, DCFH was oxidized to DCF by intracellular esterases.

Our results indicated that the level of ROS increased in cells
treated with the IC50 of TFM (200 and 120 uM respectively
for HEK-293 and Hep G2). The 2 h pretreatment with the
different concentrations of FEO (100, 150 and 200 uM)
showed that the intracellular ROS produced in the presence
of TFM was completely suppressed. Indeed, with the highest
concentration of FEO, we observed that the level of ROS
generation was similar to that found in untreated cells.

Figure 2: Modification of the oxidative status in the presence of TFM and FEO taken separately and / or in combination after
24 hours. Data are expressed as an average + standard deviation of independent experiences. **** p <0.0001 are significantly
different from the control; (####) significant difference compared to cell treated with Triflumuron alone.

Effect of FEO on MDA production

To determine lipid peroxidation, we measured the level
of MDA, which is an ultimate fragment of the degradation of
membrane lipids in HEK-293 and Hep G2 cells. The effect of
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FEO on the lipid membrane oxidation of hepatic and renal
cells after 24 h of exposure to TFM was presented in Figure
3. Indeed, we noted that the intoxication of different cells
by IC50 of TFM induced a significant increase in the level
of MDA. Pretreatment of cells with the FEO, 2 h before their
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exposure to TFM caused a decrease in the MDA level which
drops by 2.66 times compared to cells treated with TFM

Advances in Clinical Toxicology

alone for Hep G2 cells.

Figure 3: Effect of FEO on MDA production in HEK-293 and Hep G2 cells after their exposure to TFM and FEO at different
concentrations. Data are expressed as an average #* standard deviation of three independent experiments. The values are
significantly different (p <0.05) compared to the control. **** p <0.0001, statistically significant compared to the control group.
(####) p <0.0001 significantly different compared to cells treated with Triflumuron alone.

Effect of FEO on TFM-antioxidant enzymes
activities alteration

The change in the levels of antioxidant enzymes can be
considered a marker of oxidative stress. Indeed, in the event
of stress, SOD catalyzes the dismutation of the superoxide
anion into H,0, which can then be decomposed into

water and oxygen by the CAT or by the Gpx. The enzymatic

activities of CAT and SOD were determined in both renal and
hepatic cell lines in the presence of TFM (400, 200 and 120
puM) and FEO at 100, 150 and 200 uM (Figures 4A & B). Thus,
we showed a marked increase in the activity of these two
enzymes in cells treated with the IC 50 of TFM. On the other
hand, the 2 h- pre-treatment of cells with FEO at different
concentrations restored, in a dependent concentration
manner, the activities of CAT and SOD at their basal level,
particularly with the highest concentration of FEO.

Triflumuron alone.

Figure 4: Effects of FEO on the enzymatic activities of CAT (A) and SOD (B) in hepatic and renal cells after their exposure
to TFM and FEO. Data are expressed as an average * standard deviation of three independent experiments. The values are
significantly different (p <0.05) compared to the control. **** p <0.0001, statistically significant compared to the control group.
(##) <0.01 significantly different from the control; (####) p <0.0001 significantly different compared to cells treated with
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Effect of FEO on HSP 70 expression

Figure 5 (A & B) presented the result of the effect of FEO
on the expression of heat shock proteins in liver and kidney
cells. After the exposure of the two cell lines to FEO alone,
TFM alone (at the value of the IC 50 for each cell type) and

Advances in Clinical Toxicology

the combination TFM and FEO for 24 h, we observed an
induction of the expression of Hsp 70, whatever the cell line
considered. Compared with untreated cells, the expression
of Hsp 70 was found to be higher in hepatocytes (Figure 5A)
than in renal cells (Figure 5B). The pretreatment of cells with
FEO improved the level of Hsp 70 expression.

(original magnification x200) (B).

Figure 5: Effects of FEO on TFM-induced genotoxicity in HEK-293 and Hep G2 cells. Data are expressed as an average + standard
deviation of three independent experiments. The values are significantly different (p <0.05) compared to the control. **** p
<0.0001, statistically significant compared to the control group. (##) <0.01 significantly different from the control; (####)
p <0.0001 significantly different compared to cells treated with Triflumuron alone (A). Different classes of DNA damages
quantified by the comets test and visualized using fluorescent microscope. Then cell were photographed using a digital camera

Effect of FEO on TFM Induced Apoptosis

Effect of FEO on Mitochondrial Transmembrane
Potential

To evaluate the effect of FEO on the mitochondrial
alterations induced by TFM, we incubated the HEK-293 and
Hep G2 cells with Rhodamine 123 (Rh123). The results of

this test showed a significant decrease in Rh123 in cells
treated with TFM alone, thus indicating that cells lost their
mitochondrial potential. The use of different concentrations
ofthe FEO showed aremarkable restoration of the percentage
of absorption of Rh123. Our results demonstrated the
protective effect of FEO against mitochondrial alterations
caused by TFM (Figure 6).

Figure 6: Preventive effects of FEO against transmembrane potential (AWm) alteration induced by TFM in both renal and
hepatic cells. Data are expressed as an average + standard deviation of three independent experiments. The values are
significantly different (p <0.05) compared to the control. **** p <0.0001, statistically significant compared to the control group.
(####) p <0.0001 significantly different compared to cells treated with Triflumuron alone.
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Effect of FEO on TFM induced-DNA damages this fragmentation was weakened by almost 3 times when

cells were pretreated with FEO at 200 uM. Through these

The genotoxic action of TFM was quantified by the investigations, we can confirm the anti-genotoxic effect of

comet test (Figures 7A & B). Our results indicated that cell FEO. Moreover, these damages are classified in 5 classes from
treatments with IC50 increased DNA fragmentation. However, 0 to 4 (Figures 7A & B).

Figure 7A & B: Immunochemical detection of Hsp 70 after exposure of Hep G 2 (A) and HEK-293 (B) cells to FEO (200 uM),
TFM (IC 50 value for each line) and to the combination FEO + TFM.

Effect of FEO on TFM induced apoptotic cell and HEK-293 cells to TFM only, FEO alone or TFM with FEO
death is illustrated in Figure 8 (A and B). Our results showed that
TFM increased the levels of Bax expression and decreased the

The evaluation of FEO effect on pro- and anti-apoptotic amount of Bcl-2 in the two cell lines used. However, a clear
proteins expression, in response to the exposure of Hep G2 restoration in Bax and Bcl-2 expression levels was observed

when cells are pretreated with FEO.

Figure 8: Inmunochemical detection of Bax and Bcl-2 after exposure of Hep G 2 (A) and HEK-293 (B) cells to FEO (200 uM),
TFM (IC 50 value for each line) and the combination FEO + TFM.
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Discussion

Triflumurone (TFM), abenzoylureainsecticide belonging
to the class of insect growth regulators, acts by inhibiting
the synthesis of chitin; the main constituent of the insect’s
cuticle, consequently causing its death [6]. However, studies
revealing the toxic effects of TFM in vivo and in vitro remain
rare. In this context, we studied the mechanisms by which
this insecticide induces its toxic effects renal (HEK-293) and
hepatic (Hep G2) cells in culture.

Thus, treating cells with increasing concentrations of
TFM (ranging from 50 to 500 uM) significantly reduced cell
viability using the MTT test. In our experimental conditions,
the IC 50 found for HEK-293 and Hep G2 cells were
approximately 200 and 120 pM, respectively.

On the other hand, tests showing the oxidative status
alteration were carried out. It was noted that this alteration
disrupts functions and cell integrity by the accumulation of
oxygen-reactive species (ROS) which can oxidize membrane
lipids, proteins and DNA leading to apoptosis [25]. Several
studies showed the involvement of oxidative stress in the
toxicity induced by pesticides via the overproduction of
free radicals that affected membrane lipids [26,27]. Thus, in
the current study, we noted an increase in MDA production
rate in both renal and hepatic cell lines, which confirm the
implication of oxidative stress in the toxicity induced by
TFM. Our results are in coincidence with those of Ilboudou
and his team [28] which showed that diflubenzuron (DFM)
increased lipoperoxidation, as well as antioxidant enzymes
activities (SOD and CAT) in Caco?2 cells. Similarly, the study
carried out by Deivanayagam, et al. [29] on an animal model
(mouse) poisoned by lufenuron generated an overproduction
of MDA accompanied by an alteration of the antioxidant
enzyme system.

The alteration of the enzymatic and non-enzymatic
cell defense system was carried out by measuring some
antioxidant activities such as catalase (CAT) and superoxide
dismutase (SOD). SOD, following stress, represents the
first defense line and it catalyzes the disproportionation
of superoxide radicals into oxygen and peroxide hydrogen
which will be neutralized under the action of CAT [30].
Thus, we confirm the cytotoxicity of TFM by increasing ROS
production causing a change in the normal levels of CAT and
SOD. Our results are in agreement with results of Huang, et
al. [31], which indicated the cytotoxicity of chlorfluazuron,
a benzoylurea-based insecticide, in human renal (HEK-293)
and hepatic (HepG2) cells. Moreover, Diflubenzuron (DFM),
another benzoylureazed insecticide decreased cell viability
in CHOK1 cells [32] and HepG2 cells) [33]. In the same
context, Perecco, et al. [34] showed the cytotoxicity of DFM
in BALBC 3T3 leading to cell transformation.
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We also highlighted the decrease in cell viability
accompanied by the reduction in the mitochondrial
transmembrane potential which is at the origin of
mitochondrial membrane depolarization. This depolarization
is seen as the step of the non-return of the molecular cascade
leading to cellular apoptosis. Knowing that any oxidative
stress can induce genotoxicity by interacting with nuclear
DNA and can lead to mutagenic and even carcinogenic effects.
This is the reason why we have tried to quantify the DNA
damage caused by TFM through the comet test. Our results
confirmed the oxidative damage of this compound, at the
DNA level, in the three cell models studied. In addition, this
oxidative damage was accompanied by apoptosis detected by
determining the level of expression of pro and anti-apoptotic
proteins using the Western blot. Indeed, the apoptotic
pathway is triggered by the release of cytochrome C and the
activation of caspases [35,36]. Therefore, we will suggest that
TFM is an activator of the intrinsic (mitochondrial) pathway
of apoptosis. Thus, to confirm this hypothesis, we tried to
determine the levels of expression of the pro-apoptotic (Bax)
and anti-apoptotic (Bcl-2) proteins in extracts of hepatic and
renal cells.

Proteins of the Bcl-2 family modulate apoptosis by
regulating its mitochondrial pathway [37]. Bax is one of the
promoters of apoptosis [37], while Bcl-2 is a major inhibitor
of cell death [38-40]. The correct balance of pro- and anti-
apoptotic proteins can determine whether or not apoptosis
is triggered [41]. To confirm our hypothesis, we sought
the induction of heat shock proteins (Hsp) since several
studies have shown that they are antioxidant and therefore
anti-apoptotic [42-44]. Thus, our data demonstrated that
TFM-induced cell apoptosis was revealed by an increase in
the level of Bax and by a decrease in the expression of Bcl-
2. Subsequently, the relationship between Bax and Bcl-2
determines the induction or inhibition of apoptosis [45,46].

Our results are in agreement with those of Xu, et al.
[47] who indicated that Tebufénozide (TBF), an insecticide
belonging to the same family as TFM, widely used in
agriculture, induced apoptosis evidenced by the increase in
the level of Bax and the decrease in Bcl-2 level. Another in
vitro study carried out on chlorofluazuron, a benzoylurea-
based insecticide, showed its cytotoxic power in Hep G2 and
HEK-293 cells by inhibiting cell viability and causing the cell
cycle to stop [31].

Due to the toxic effects of TFM found in HEK-293 and Hep
G2 cells, we tried to look for a natural molecule able to reduce
and prevent the toxicity induced by TFM. Thus, we focused
our interest on fennel essential oil (FEO), characterized by
its antioxidant, antifungal and antibacterial properties [48].
In this context, we studied the protective effects of fennel
essential oil (FEO) against the cytotoxicity and genotoxicity
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induced by our insecticide: Triflumurone (TFM), in both
renal and hepatic cultured cells.

We found that FEO reduced cell death caused by TFM in
the studied cells. In addition, MDA levels and ROS generation
were modulated using increased FEO concentrations. The use
of FEO, a plant rich in antioxidants against the toxic effects
caused by xenobiotics using in vivo and in vitro models,
was established [48]. In our work, we have proved that the
pretreatment of HEK-293 and Hep G 2 cells with different
concentrations of FEO (100, 150 and 200 uM) protected cells
against oxidative stress and genotoxicity induced by TFM.
In this case, after treating cells with TFM only, we found a
decrease in the activity of catalase and SOD. In the presence of
fennel essential oil, the activities of these two enzymes were
restored to their normal levels. In addition, by combining
FEO (100, 150 and 200 uM) with TFM, we found a reduction
in mitochondrial transmembrane potential as well as repair
of DNA damage induced by TFM. On the other hand, FEO
protected neuronal cells (WG1-7) against toxicity induced
by hydrogen peroxide (Mizuno et al, 2015). Preventive
effects of FEO in vivo were also elucidated. Indeed, its anti
cytotoxic and anti genotoxic against cyclophosphamide in
mice has been demonstrated. The re-establishment of CAT,
SOD, GSH activities and MDA level to their baseline level was
noted [49]. Likewise, Alamoudi et al. (2017) [48] reported
the ability of FEO to suppress toxic effects in albino rats
treated with sodium valproate, an anticonvulsant and mood
stabilizer drug.

In this context, we showed previously that, on human
intestinal cells (HCT116), the FEO prevents cytoxicity and
genotoxicity caused by TFM [50]. According to bibliographic
data, fennel extracts contain several polyphenolic compounds
[51], characterized by their antioxidant properties [52,53].
These antioxidant activities are involved in the adsorption
and neutralization of free radicals, the deactivation of
singlet and triplet oxygen or the decomposition of peroxides
[54,55]. In conclusion, regardless of the cell line used, TFM
is found to be highly toxic. This toxicity passes essentially
via an oxidizing stress causing cytotoxic and genotoxic
damage. Indeed, cytotoxicity has been elucidated by the
dose-dependent decrease in cell viability, the production
of MDA, the induction of Hsp 70 and the disruption of the
antioxidant enzymatic cell defense system. Genotoxicity was
demonstrated by the fall in mitochondrial transmembrane
potential, the disturbance of the Bax / Bcl-2 balance and
finally the DNA fragmentation leading to mitochondrial
apoptosis.

In addition, we found that liver cells were the most
sensitive to exposure to TFM. Therefore, the liver seems to
be the target and privileged organ of TFM compared to the
kidney. Fennel essential oil reversed completely the toxicity
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induced by TFM (Figure 9).

4 Y

Figure 9: FEO mechanism of action against TFM-induced
toxicity.
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