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The implication of ROS production on
triflumuron-induced oxidative stress
and genotoxicity in human colon
carcinoma (HCT-116) cells
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Abstract
The aim of this study is to evaluate the cytotoxic and the genotoxic effects of triflumuron (TFM) on human colon car-
cinoma cells (HCT-116). Indeed, TFM is used to protect vegetables, fruits, and domestic animals against a large spectrum
of parasites causing animal and human disorders. However, studies revealing its toxicity and its mode of action in
mammalian systems remain very limited. We monitored our work with the cytotoxicity assay starting with the cell viability
test, the ROS generation, the malondialdehyde (MDA) production, the DNA fragmentation, and the measurement of
some antioxidant enzymes activities such as catalase, superoxide dismutase, and the glutathione S-transferase. Also, we
measured the mitochondrial transmembrane potential. We showed that TFM induced a dose-dependent cell death. This
decrease in cell viability was accompanied by a significant reduction in the mitochondrial membrane potential. We also
have shown that TFM induced oxidative stress as revealed by the generation of reactive oxygen species, the increase of the
MDA levels, and the activation of the antioxidant enzymes. Moreover, our results indicated that TFM induced DNA
damage in HCT-116 cells as monitored by the comet assay. We demonstrate, for the first time, the cytotoxic and the
genotoxic potentials of TFM on human cultured cells.
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Introduction

Excessive use of pesticides in the agricultural sector can

cause chemical contamination leading to the loss of plant

and animal lives.1 Indeed, pesticides can pose problems for

human health since pesticide residues are frequently

detected in different compartments of the environment

(surface water, groundwater, soil, etc.) and in products

intended for human and animal food.2,3

Numerous epidemiological studies suggest that pesti-

cides may be involved in the induction of cancer, neurode-

generative diseases, fertility, and reproductive disorders.3–7

That is why it is necessary to look for new products with
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higher selectivity for the target organisms and lower toxi-

city for human and for the environment.

Insect growth regulators (IGR) are among these new

compounds. They act on the growth and development of

insects. In fact, IGR were introduced following the appear-

ance of insect’s resistance to pyrethroids and organopho-

sphate insecticides.8 Among the IGR, the class of

benzoylureas (disrupting molt) interferes with the insect’s

exoskeleton causing then its death.9

Benzoylurea insecticides are widely used for crop pro-

tection, especially fruits and vegetables and could be clas-

sified such as insecticides of fourth generation having high

selectivity, low acute toxicity for mammals, and high bio-

logical activity.10 In this context, we focused our interest in

this study on triflumuron (TFM), a benzoylurea insecticide

that is used worldwide. TFM shows interesting properties

such as high selectivity, high biological activity, and low

toxicity for animals.11 TFM is used to protect crops (apples,

tomatoes, trees, cotton, and potato) and domestic animals

against a broad spectrum of parasites.12

Regarding the molecular level, TFM acts by inhibiting

the synthesis of chitin which is a linear polymer composed

of N-acetylglucosamines.13 Thus, by blocking the transport

of N-acetylglucosamine through the epithelial membrane,

TFM could act as a general stressor making the insect more

susceptible to diseases. By consequence, this facilitates the

entry of pathogenic fungi into the insect by the weakening

of their cuticle which accelerates their death.14

Particularly, TFM was used to control Tuta absoluta, a

tomato leaf miner. Tomato is the first horticultural crop in

Tunisia with a production area of 25,000 ha and a total

harvest of 1.1 million metric tons.15 To manage Tuta abso-

luta, a mixture of insecticides with different modes of

action is used, such as spinosad, indoxacarb, pyrethroids,

and TFM because organophophorate (OPTs) and carba-

mates are no more effective due to insect resistance.

Furthermore, TFM is used also against locusts in the Sahel

zone.16

Like all other pesticides, TFM is known for its toxic

effects to mammals and especially to aquatic organisms

and invertebrates. For example, in rats, dogs, and rabbits

the administration of these compounds causes spasms, skin,

and respiratory irritation resulting in sneezing and in sev-

eral eye damages.17,18 Repeated administration of TFM is

also known to cause hemolytic anemia19 and reproductive

toxicity.20

Also, benzoylurea insecticides are known by their ovi-

cidal activity. Indeed, the treatment of insects of the genus

Aedes albopictus with TFM inhibits the occlusion of eggs.

Also, an abnormal morphology of the egg shell has devel-

oped.20 In addition, TFM acts on the offspring of insects,

especially at the time of pupal formation. Like most IGRs,

it causes malformations of pupae from treated females21

and causes death of the embryo.22 It causes high rates of

abortion in infected insects.23 Insects from the pupae of

treated females die hatching or a few days later.21

Moreover, oral administration of TFM to male Wistar

rats for 28 days resulted in elevated hemoglobin accompa-

nied by an increase in the number of reticulocytes.19

In human, the ingestion of an unspecified BPU caused

toxic methemoglobinemia. The hospitalized patient mani-

fested cyanosis, low oxygen saturation, and chocolate-

brown colored blood, the methemoglobin concentration

was 59.3%. Following treatment with ascorbic acid, there

was evidence of hemolysis.24

Moreover, those symptoms were confirmed in humans.

Recently, Ning et al.25 reported that in Hep G2 cells, TFM

was able to promote the metastasis of human liver cancer

cells and that hypoxiainducible factor-1a is potentially

responsible for these changes.

Thus, we aimed to evaluate the cytotoxicity and the

genotoxicity induced by this insecticide on human colon

carcinoma cells (HCT-116), being one of the target cells

exposed to this pesticide following the ingestion of con-

taminated products.

Materials and methods

Chemicals

TFM was supplied by Sigma-Aldrich (St Louis, Missouri,

USA). 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenylte-

trazolium bromide (MTT), cell culture medium (RPMI

1640), fetal calf serum, phosphate-buffered saline (PBS),

trypsin-EDTA, penicillin and streptomycin mixture, and L-

glutamine (200 mM) were from GIBCO-BCL (UK). 2,7-

Dichlorofluorescein diacetate (DCFH-DA) was supplied by

Molecular Probes (Cergy-Pontoise, France). Low melting

point agarose and normal melting point agarose were pur-

chased from Sigma. All other chemicals used were of ana-

lytical grade.

Cell culture and treatment

HCT-116 were cultured in RPMI, supplemented with 10%
featal bovin serum (FBS), 1% L-glutamine (200 mM), 1%
mixture of penicillin (100 IU/mL) and streptomycin (100

lg/mL), at 37�C with 5% CO2.

Cell toxicity assay (MTT assay)

The MTT assay (a tetrazolium salt reduction assay) provides

sensitive measurements of the normal metabolic status of

cells, particularly that of the mitochondrion, where measure-

ments reflect early cellular redox changes.26 HCT-116 cells

(2.5 � 104 cells/well in 96-well plates) were incubated at

37�C for 24 h with different concentrations of TFM (100,

200,400,600,800and1000mM).Anegativecontrol contain-

ing untreated cells was also evaluated. After treatment, the

plates were incubated with the MTT solution (final concen-

tration of 0.5 mg/mL) for 3 h. The dark-blue formazan crys-

tals formed in intact cells were dissolved with DMSO,and the

absorbance at 570 nm was measured with a
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spectrophotometer microplate reader (Bioteck, Elx 800,

France).Theresultswereexpressedas thepercentageofMTT

reduction relative to the absorbance’s measured from nega-

tive control cells. All assays were performed in triplicate.

FDA/BET marking

The fluorescent probe fluorescein diacetate (FDA) and the

ethidium bromide (BET) were used to assess cell mortality.

FDA/BET labeling allowed the distinction between live and

dead cells. Indeed FDA and BET are two chloroforms that

enter into the cells except that for the FDA it will be con-

verted and cleaved only by esterases of living cells. To do

this, cells were seeded in six-well plates (7.5�10 6 cell/well)

and treated with the different concentrations of TFM (100,

200, 400, 600, 800 and 1000 mM). After 24 hexposure, cells

were trypsinized and centrifuged (5 min at 3000 r/min). The

pellet was resuspended in 100mL of the medium. Thus, 10mL

FDA (10mg/mL) and 10mL BET (100mg/mL) were added to

the mixture. Then the contents are spread on a slide and cells

were visualized using a fluorescence microscope, and on

100 cells, we count the number of living and dead cells.

ROS determination and oxidative stress status

Reactive oxygen species (ROS) are markers of oxidative

status. Indeed, in case of cellular stress, it has an increased

production of these ROS that interact with DNA, lipids, and

proteins. The intracellular amounts of ROS were measured

by a fluorometric assay with DCFH-DA used extensively to

monitor oxidation in biological systems as a well-established

compound to detect and quantify intracellular compounds

produced such as superoxide radical, hydroxyl radical, and

hydrogen peroxide (H2O2).27,28 The conversion of the non-

fluorescent (DCFH-DA) to the highly fluorescent 2,7-

dichlorofluorescein (DCF)product (�max¼522nm)happens

in many steps. The fluorescent probe, after diffusing in the

cell membrane, is hydrolyzed by intracellular esterases to

nonfluorescent dichlorofluorescein (DCFH), which is

trapped inside the cells then oxidized to fluorescent DCF

through the action of peroxides in the presence of ROS.29

HCT-116 cells were seeded on 24-well culture plates

(Polylabo, Strasbourg, France) at 105 cells/well for 24 h of

incubation. After cells were incubated with different concen-

trations of TFM, for 24 h at 37�C. H2O2 (20mM) was used as a

positive control. After incubation, cells were treated with

20-mM DCFH-DA. Intracellular production of ROS was

measured after 30-min incubation at 37�C by fluorometric

detection of DCF oxidation on a fluorimeter (Biotek FL

800�)with anexcitation wavelengthof485nmandemission

wavelength of 522 nm. The DCF fluorescence intensity is

proportional to the amount of ROS formed intracellularly.

Lipid peroxidation measurement

The measurement of lipid peroxidation was determined

according to Ohkawa et al.30 by the measurement of the

level of malondialdehyde (MDA) which is an ultimate frag-

ment of the degradation of the polyunsaturated fatty acids

of the lipidic membrane.

To do this, cells were plated in six-well plates at 7.5 �
105 cells/well and treated with the different concentrations

of TFM for 24 h of incubation. A positive control using

H2O2 (20 mM) has been realized. Then, cells were collected

in coded test tubes. Samples were mixed with 0.1 mL of

1.15% potassium chloride, 0.2 mL of 8.1% sodium-dode-

cylSulfate (SDS), 1.5 mL of 20% acetic acid adjusted to pH

3.5, and 1.5 mL of 0.8% thiobarbituric acid. The obtained

mixture was vortexed and heated at 95�C for 2 h. After

cooling to room temperature, a volume of 5 mL of mixture

of n-butanol and pyridine (15:1, v:v) was added to each

sample, and the mixture was shaken vigorously. A centri-

fugation (4000 r/min for 10 min) allowed isolating the

supernatant fraction. Finally, the absorbance was measured

at 546 nm. The concentration of MDA was determined

according to a standard curve.

Protein extraction

To obtain cell lysates, HCT-116 cells were seeded in six-

well plates (106 cells/well) and then treated with TFM for

24 h. Thus, cells were recovered in PBS, centrifuged and

collected in cold lysis buffer solution for 30 min. A cen-

trifugation makes it possible to obtain the protein extracts.

Protein concentrations were determined in cell lysates

using Protein Bio-Rad (France) assay.31

Measurement of SOD activity

Superoxide dismutases (SODs) are ubiquitous metalloen-

zymes that catalyze the disproportionation of superoxide

ions into H2O2 and molecular oxygen. The measurement

of SOD activity was carried out according to the method

described by Markland and Marklund,32 by following the

autoxidation 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 autoxidation

inhibition. The SOD activity is expressed as U/mg protein.

Measurement of CAT

Catalases (CATs) are enzymes that intervene in the defense of

the cell against oxidative stress by eliminating oxygen species

(H2O2). To measure the activity of this enzyme, 780 mL of

phosphate-buffered solution, 20 mL of each sample, and 200

mL of H2O2 (the substrate of the enzyme) were placed in a

quartz cuvette. Then, the optical density was measured at 240

nm for an interval of time of 1 min.33 The activity of CAT was

calculated using the molar extinction coefficient (0.04 mM�1

cm�1). The results were expressed as mmol/min/mg protein.

Measurement of GST

The activity of this enzyme was determined by the formation

of a chromophore, the 1-glutathione-2,4-dinitrobenzene

Timoumi et al. 3



from 1-Cl-2,4 dinitrobenzene (CDNB), which was followed

spectrophotometrically at 340 nm. To do this, in a cuve, a

mixture of 830 mL of phosphate buffer, 50 mL of CDNB, 100

mL of glutathione reduced (glutathion [GSH]), and 20 mL of

each sample were realized. The absorbance was determined

at 340 nm for an interval of 1 min.34

MMP assay

The uptake of the cationic fluorescent dye rhodamine 123

has been investigated to estimate the mitochondrial mem-

brane potential (MMP).35 In a typical experiment, cells

seeded in 96-well culture plates were treated for 24 h with

TFM (100, 200, 400, 600, 800 and 1000 mM) then rinsed

with PBS and 100 mL of rhodamine 123 (1 mM) in PBS was

added on the plates. Cells were incubated (37�C, 5% CO2)

for 15 min. Next, the PBS solution containing un-absorbed

rhodamine 123 was removed and replaced by fresh PBS. The

uptake rhodamine 123 was measured by fluorimetric detec-

tion with an excitation wavelength of 488 nm and an emit-

ting wavelength of 525 nm. The results were expressed as

the percentage of uptaken rhodamine fluorescence relative

to the fluorescence measured from negative control cells.

DNA damage assessed by the comet assay

To measure DNA damage, caused by a toxic agent, in indi-

vidual mammalian cells, the comet test was considered. For

this, six-well plates were used to seed HCT-116 cells at 7.5�
105 cells/well. After 24 h of incubation, cells were cultured in

the presence of TFM (100, 200, 400, 600, 800 and 1000 mM)

and H2O2 (20 mM) which served as a positive control. Cells

already recovered in PBS were mixed with low melting agar-

ose, and the mixture was then spread on a microscope slides

covered with normal agarose. Thus, the slides were put in an

alkaline lysis buffer solution for 1 h at 4� C. Then, electro-

phoresis step (30 min, at 25 V, 300 mA) was done before

neutralizing slides using a Tris buffer solution for 15 min.

After drying the slides, a staining with ethidium bromide (20

mg/mL) allowed to quantify the DNA damage using a fluor-

escence 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 electrophor-

esis 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.36 The total score

was evaluated according to the following equation:

Total score ¼ ð% of cells in class 0� 0Þ
þ ð% of cells in class 1� 1Þ
þ ð% of cells in class 2� 2Þ
þ ð% of cells in class 3� 3Þ
þ ð% of cells in class 4� 4Þ

Statistical analysis

Each experiment was done three times separately and data

were expressed as the mean + standard deviation of the

means. One-way ANOVA was used to assess differences

among the groups followed by Dunnett’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

TFM induces cell death in HCT-116

After treating HCT-116 cells with the increasing concen-

trations of TFM (100, 200, 400, 600, 800 and 1000 mM) for

24 h, the MTT test which is a cell viability test has been

carried out. We showed that TFM significantly decreased

cell viability (p < 0.05) with a value of IC 50 around

400 mM (Figure 1(a)).

Using another cell viability test, FDA/BET labeling, our

results were presented in Figures 1(b) and 2(c). Thus, after

cells exposure to different TFM concentrations (200, 400

and 800 mM), cell morphology was changed, visualized

with an optical microscope (Figure 1(b)). After mixing

cells with the fluorochromes, living cells appeared in green,

while dead ones appeared in orange. Finally, cells were

visualized using a fluorescence microscope (Figure 1(c)).

In both cases, cells were photographed using a digital cam-

era (original magnification 200�).

Measurement of ROS production

The concentration range already used was tested to verify

the proportion of the oxidative stress induced by TFM in

the HCT-116 cells. Thus, the generation of ROS was mea-

sured via the production of fluorescent DCF. Our results

showed that TFM is able to increase the level of ROS in the

cellular model used in a dose-dependent manner (Figure 2).

Induction of lipid peroxidation

After exposure of HCT-116 cells to different concentra-

tions of TFM for 24 h, the MDA assay was performed. Our

results showed that TFM is able to induce lipid peroxida-

tion. Indeed, the level of MDA increased from 0.057 +
0.0069 mmol MDA/mg of protein in the untreated cells to

0.198 + 0.0023 mmol MDA/mg of proteins in cells treated

with the highest concentration of TFM (Figure 3).

Effect of TFM on antioxidant enzymes activities

To evaluate the effect of TFM on the activities of antiox-

idant enzymes, we measured the activity of CAT, SOD, and

glutathione S-transferase (GST). Our results showed that

TFM is able to increase the activities of these enzymes in

HCT-116 cells, in a dose-dependent manner. Indeed, the

4 Toxicology Research and Application



Figure 1. Cytotoxic effect of triflumuron on HCT-116 cells after 24-h treatment. Cells were treated with different concentrations.
Cell viability was determined using the MTT assay and expressed as percentages of viability (a). Data are expressed as the mean + SD of
three independent experiments. Values are significantly different (p < 0.05) from control. Cell morphology changes were visualized
using optical (b) and fluorescent (c) microscope. Then cell were photographed using a digital camera (original magnification �200).
MTT: 3-[4,5-Dimethylthiazol-2-yl]-, 2,5- diphenyltetrazolium bromide; SD: standard deviation; HCT-116: human colon carcinoma.

Figure 2. Levels of relative fluorescent DCF production after
exposure of HCT-116 cells to different triflumuron concentra-
tions for 24 h. H2O2 (20 mM) was used as a positive control. Data
are expressed as the mean + SD of three independent experi-
ments. Values are significantly different (p < 0.05) from control.
*p < 0.05, statistically significant compared to the control group.
**p < 0.01, statistically significant compared to the control group.
***p < 0.001, statistically significant compared to the control
group. DCF: 2,7-dichlorofluorescein; SD: standard deviation;
H2O2: hydrogen peroxide; HCT-116: human colon carcinoma.

Figure 3. Induction of lipid peroxidation in HCT-116 cells, after
24 h of incubation with triflumuron measured by the production
of MDA. H2O2 (20 mM) was used as a positive control. Data are
expressed as the mean + SD of three independent experiments.
Values are significantly different (p < 0.05) from control. *p < 0.05,
statistically significant compared to the control group. **p < 0.01,
statistically significant compared to the control group. ***p <
0.001, statistically significant compared to the control group.
MDA: malondialdehyde; SD: standard deviation; H2O2: hydrogen
peroxide; HCT-116: human colon carcinoma.
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activities of these enzymes passed from 113.80 + 4.28

(USOD/mg of proteins), 64.26 + 3.58 (mmol/min/mg of

proteins), and 0.271 + 0.0036 (mmol/min/mg of proteins)

in the untreated cells to 303.10 + 6.03 (USOD/ mg of

proteins), 201.64 + 3.23 (mmol/min/mg of proteins), and

1.48 + 0.18 (mmol/min/mg of proteins) in cells treated

with TFM at 1000 mM, respectively, for SOD, CAT, and

GST (Figure 4(a), (b) and (c)).

Measurement of mitochondrial transmembrane
potential (��m)

The measurement of mitochondrial transmembrane poten-

tial (��m) after cell exposure to TFM was carried out

using rhodamine 123. Indeed, ��m is proportional to upta-

ken rhodamine 123.37 Results of this test are indicated in

Figure 5, where it has been found that the tested concentra-

tions have significantly decreased this potential, indicating

then the depolarization of mitochondria.

TFM induces DNA damage

DNA damages were analyzed using the alkaline comet

assay. After treatment of HCT-116 cells with different con-

centrations of TFM for 24 h, we noticed a marked increase

in the DNA damages. These damages are classified into

five classes from 0 to 5 (Figure 6(a)). Indeed, as shown

in Figure 6(b), the total score passed from 53 + 8.48 in

the control cells to 264+12.72 when cells were treated

with TFM at 1000 mM. H2O2 (20 mM)-treated cells (posi-

tive control) induced 298.4+14.24 of the total score of

DNA damage. Moreover, after 24 h of TFM cell exposure

to 200, 400, 600 and 1000 mM. These damages are classi-

fied into five classes from 0 to 4 (Figure 6(b)).

Discussion

Pesticides are molecules used to protect humans and their

environment against attacks caused by harmful vectors.10

Due to their increased use in many areas such as agricul-

ture, industry, and traditional medicine, pesticides cause

adverse effects on human health and threaten ecosystems.38

In this context, several studies have revealed the role of

pesticides in the occurrence of numerous pathologies,

namely cancer, neurodegenerative, and cardiac disor-

ders.4,39,40 In this article, we investigated the mechanisms

Figure 4. Effects of triflumuron on antioxydant enzyme
activities such as catalase (a), superoxide dismutase (b) and
glutathion S-transferase (c), after incubation of HCT-116 cells
with the tested concentrations of TFM for 24 h. Data are
expressed as the mean + SD of three independent experi-
ments. Values are significantly different (p < 0.05) from con-
trol. *p < 0.05, statistically significant compared to the control
group. **p < 0.01, statistically significant compared to the
control group. ***p < 0.001, statistically significant compared
to the control group. HCT-116: human colon carcinoma;
SD: standard deviation; TFM: triflumuron.

Figure 5. Triflumuron induces a loss of mitochondrial trans-
membrane potential on HCT-116. Cells were treated with TFM at
the indicated concentrations for 24 h. Data are expressed as the
mean + SD of three independent experiments. Values are sig-
nificantly different (p < 0.05) from control. *p < 0.05, statistically
significant compared to the control group. **p < 0.01, statistically
significant compared to the control group. ***p < 0.001, statisti-
cally significant compared to the control group. HCT-116: human
colon carcinoma; TFM: triflumuron; SD: standard deviation.
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by which TFM, a benzoylurea insecticide belonging to the

IGRs, was used.18 TFM inhibits the synthesis of chitin, the

major constituent of the insect cuticle causing consequently

its death.35 However, studies highlighting the toxicity

mechanism of TFM remain very limited.

The aim of the present study is to evaluate the mechan-

ism of action of TFM-induced cytotoxicity in cultured

HCT-116 cells which are intestinal human cells that repre-

sent the first barrier to meet for any toxic substance.

Our results indicated that exposure of HCT-116 cells to

increased concentrations of TFM induces a dose-dependent

cell death as revealed by MTT test. Moreover, cells label-

ing with FDA/BET showed that by increasing TFM

concentrations, cell morphology was changed and cell mor-

tality was increased, which is in agreement with the results

founded using the MTT assay (data not shown).

In fact, the tested concentrations represent 0.035, 0.071,

0.14, 0.21, 0.28, and 0.35 mg/mL, respectively, for 100,

200, 400, 600, 800, and 100 0 mM, of the environmental

doses detected in TFM residues. TFM was detected in crops

with values of 0.04 mg/kg and 0.03 mg/kg respectively in

pear and wool.41,42 Moreover, TFM was detected in toma-

toes with value ranged from 0.5 mg/kg to 2.1 mg/kg.43

These results support the toxicity of benzoylurea pesti-

cides. Indeed, another study demonstrated that Lufenuron,

belonging to this family, causes toxic effects on aquatic

Figure 6. (a) Induction of DNA damages in HCT-116 cells, following treatment with triflumuron at 100, 200, 400, 600, 800, and 1000
mM. H2O2 (20 mM) was used as a positive control. DNA stand breaks were detected by the standard comet assay. Data are expressed as
the mean + SD of three independent experiments. Values are significantly different (p < 0.05) from control. *p < 0.05, statistically
significant compared to the control group. **p < 0.01, statistically significant compared to the control group. ***p < 0.001, statistically
significant compared to the control group. (b) Different classes of DNA damages quantified by the comets test and visualized using
fluorescent microscope after a 24-h cell exposure to different TFM concentrations. Then cell were photographed using a digital camera
(original magnification �200). HCT-116: human colon carcinoma; TFM: triflumuron; SD: standard deviation.

Timoumi et al. 7



species where hemorrhages were observed in eyes, fins, and

lids of fish exposed to this pesticide. Moreover, the histolo-

gical analyses revealed that the gills structure have

changed.44

Besides, we found that TFM-induced cell death was

associated with a significant decrease in the MMP after

24 h of treatment, which suggest the involvement of mito-

chondrial pathway in cell apoptosis caused by TFM since

the mitochondrial membrane depolarization is able to cause

the release of cytochrome c followed by caspases activation

and therefore the activation of the intrinsic apoptotic 45,46.

Moreover, oxidative stress has been proposed as a

mechanism linking to pesticides exposure, increasing the

risk for the development of diseases such as cancer and

neurodegenerative diseases. In addition to the increase in

the production of free radicals, exposure to pesticides can

also affect antioxidant capacity and defense mechanisms,

as well as increase the lipid peroxidation.47,48 In agreement,

we observed, in HCT-116 cells, that TFM induces the pro-

duction of ROS and stimulates the activities of antioxidant

enzymes such as CAT, SOD, and GST. Moreover, the level

of MDA, one of the major oxidation products of peroxi-

dized polyunsaturated fatty acids, was greatly increased

following cell treatment with TFM. These results confirm

the ability of benzoylphenyl urea pesticides to induce oxi-

dative stress in mammalian systems. In this context, diflu-

benzuron (DFB) was described as an inductor of lipid

peroxydation in Caco-2 cells. The same study showed that

DFB was able to increase CAT, SOD, and Gpx activi-

ties.49,50 DFB was also found cytotoxic toward Balb/c

3T3 cells leading to cell transforming activities.49 In addi-

tion, DFB was found to be cytotoxic by decreasing cell

viability in CHOK1 cells49 and Hep G2 cells51 using the

MTT assay and the neutral red test. Besides, Lufenuron was

also able to increase the levels of MDA generation and to

disrupt the antioxidant parameters in the liver of exposed

mice.52 Our findings are in agreement with other research

studies which showed that chlorfluazuron, a benzoylureas

insecticide, induced cytotoxicity revealed via the MTT test

in renal (HEK 293) and hepatic (Hep G2) human cells.53 In

addition, our previous study showed that TFM induced

toxicity on a murine model after a short exposure.54 In this

study, we demonstrated that TFM is able to increase the

levels of both carbonyl proteins and MDA as well as it

altered the enzyme activities of antioxidant systems.54

Similarly, the genotoxic effect of TFM was demonstrated

in the bone marrow cells of male Balb/C mice.55 Also,

cytoxicity and genotoxicity of TFM on hepatic and renal

human cells were well clarified.56

Pesticides can be at the origin of genotoxic alterations. If

a xenobiotic reacts with nuclear DNA, it may cause muta-

genic and carcinogenic effects to the exposed organisms.

Interestingly, our study clearly indicates that TFM induces

significant DNA damage in HCT-116 cells. Therefore, the

TFM-induced cell death in intestinal cells in this study can

be due to the increase in oxidative stress accompanied by

mitochondrial dysfunction and DNA fragmentation.

In conclusion, TFM is considered as a potential tool for

the control of disease vectors in public health and agricul-

ture. However, its uses should be controlled in order to

avoid the health problems that may arise from unconscious

human uses.
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49. Bayoumi AE, Pérez-Pertejo Y, Zidan HZ, et al. Cyto-

toxic effects of two antimolting insecticides in mamma-

lian CHO-K1 cells. Ecotoxicol Environ Saf 2003; 55:

19–23.

50. Ilboudo S, Edwin F and Virginie R. In vitro impact of five

pesticides alone or in combination on human intestinal cell

line Caco-2. Toxicol Rep 2014; 1: 474–489.

51. Delescluse C, Ledirac N, de Sousa G, et al. Cytotoxic effects

and induction of cytochromes P450 1A1/2 by insecticides in

hepatic or epidermal cells: binding capability to the Ah recep-

tor. Toxicol Lett 1998; 96–97: 33–39.

52. Perocco P, Colacci A and Grilli S. In vitro cytotoxic and

cell transforming activities exerted by the pesticides cya-

nazine, dithianon, diflubenzuron, procymidone, and vin-

clozolin on BALB/c 3T3 cells. Environ Mol Mutagen

1993; 21: 81–86.

53. Deivanayagam C, Asokan S and Rajasekar S. The study of

lipid peroxidation, liver enzymes and antioxidantstatusinlu-

fenuron treated mice, mus musculus species. Int J Chem Tech

Res 2014; 6: 5321–5328.

54. Timoumi R, Amara I, Neffati F, et al. Acute triflumuron

exposure induces oxidative stress responses in liver and

kidney of Balb/C mice. Environ Sci Poll Res 2019; 26:

3723–3730.

55. Timoumi R, Amara I, Ayed Y, et al. Triflumuron induces

genotoxicity in both mice bone marrow cells and human

colon cancer cell line. Toxicol Mech Methods 2020; 21:1–33.

56. Timoumi R, Amara I, Ben Salem I, et al. Triflumuron induces

cytotoxic effects on hepatic and renal human cell lines.

J Biochem Mol Toxicol 2020; 30: e22504.

10 Toxicology Research and Application



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


