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Abstract

Background: Organophosphates and Pyrethroids are the most widely used pesticides worldwide and are known to
have significant toxicity on the nervous system of the target pest. Assessment for combined toxicity of Organophos-
phate and Pyrethroid on Sf9 (Spodoptera frugiperda) cells is less explored. The present study demonstrates and com-
pares the two organochemicals whose trade names are Ammo and Profex, for its cytotoxic potential on the insect Sf9
cells. Ammo and Profex were selected as the test chemicals as toxicity of these insecticides at molecular and cellular
level is poorly understood.

Results: The results of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide assay demonstrated that
Ammo and Profex exhibited significant cytotoxicity to Sf9 cells in a time- and dose-dependent manner. In our study,
the 1Cs value was obtained by MTT assay and the sub-lethal concentrations (ICsy/5-17.5 pg/ml, ICs4/49-35 pg/m,
and 1Csy/5—70 pg/ml for Ammo and 1Cyy/55-20 pg/ml, 1Cs4/40-40 pg/ml, and 1Cs,/5-80 pg/ml for Profex) were selected
for further tests. Acridine orange/ethidium bromide staining proved the apoptotic cell death on exposure of both
the insecticides confirming its toxic potential. Furthermore, antioxidant status was assessed using DCF-DA staining
and both the insecticides resulted into an increased reactive oxygen species (ROS) generation. A dose- and time-
dependent significant (p < 0.05) alterations in lipid peroxidase (LPO), glutathione (GSH) and catalase (CAT) activity
were observed.

Conclusion: The results showed that both Ammo and Profex triggered apoptosis in Sf9 cells through an intrinsic
mitochondrial pathway via the generation of ROS. Of the two insecticides, Ammo was found to be more toxic com-
pared to Profex. The present study is important to evaluate the environmental safety and risk factors of Organochemi-
cals’exposure to crops and livestock.
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system. It has been reported that excessive use of these
insecticides in the public health and agriculture leads to

Background
Organophosphate (OP) insecticides are among the most

common class of pesticides that are mainly used to con-
trol the insect pest populations. They are the group of
insecticides whose key target is to inhibit Acetylcho-
line esterase (AChE) which is responsible for hydrolysis
of Acetylcholine. The OPs phosphorylate the hydroxyl
group of a serine residue on AChE in the central nervous
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environmental pollution causing a number of acute and
chronic poisoning events (Lukaszewicz-Hussain, 2010).
However, the prolonged use of insecticides has been
known to reduce its effectiveness among the target insect
pests. Thus, the need to search for novel insecticides with
better efficacy or a new mode of action becomes evident.

Nowadays, mixed pesticides are in great demand for
agricultural use because of their efficiency, convenience,
and rapid actions (Zhou et al,, 2011). One of the pesti-
cides widespread in use is the combination of Organo-
phosphate and Pyrethroid due to its low mammalian
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toxicity, less persistence, and rapid biodegradability in
the environment (Singh et al., 2018). In the mixture of
OP and Pyrethroid, OP inhibits the detoxification of
Pyrethroid and increases the combined toxicity (lyya-
durai et al., 2014). Together, OP and Pyrethroid account
for approximately 70% of the world market (Smagghe
et al., 2009).

There is an increasing need for rapid and easily inter-
preted in vitro assays for screening the possible toxicity of
pesticides (Eddleston et al., 2008; Papoutsis et al., 2012).
The eventual purpose is to achieve an alternative system
that allows for rapid testing of insecticides and to enable
the accurate prediction of toxic efficacy at the whole ani-
mal level (Smagghe et al., 2009). Cell-based systems have
proved to be useful for assessing toxicity and specific risk
on target organs under chemical exposure, thereby offer-
ing high-level amalgamation on relations of chemicals
with intact cells (Polldkova et al., 2012; Yun et al., 2017).
Therefore, cell-lines are considered as the perfect instru-
ment for examining cellular toxicity. Many in vitro stud-
ies have demonstrated the toxicological effects of OPs on
non-neural cells, which may be through a pathway other
than their action on the central nervous system. Sf9 cell
line, established initially from the pupal ovarian tissue of
S. frugiperda, is an excellent model to study insecticide
cytotoxicology and programmed cell death (Zhong et al.,
2016).

Two insecticides, namely Ammo, and Profex, were
selected in the present study to carry out the compara-
tive assessment for their cytotoxic effects on insect Sf9
cell line. Ammo is a combination of Triazophos and Del-
tamethrin, and Profex is a combination of Profenofos and
Cypermethrin. Cytotoxic effects of Organophosphate
and Carbamate insecticides have been reported, such
as oxidative stress, alteration of mitochondria function
(Ahmed & Zaki, 2009; Maranet al., 2010). Toxic effects
of Pyrethroids toward the cells include DNA damage,
inhibition of mitochondrial complex I, and induction of
reactive oxygen species (ROS) accumulation (Naravaneni
& Jamil, 2005; Patel et al., 2007) leading to cell mortality
(Yang et al., 2016).

The mechanism by which pesticides cause damage
involves multiple reaction pathways (Elhalwagy & Zaki,
2009). Both the increased production of reactive oxygen
species and attenuation of the antioxidant barrier of the
organism are likely to induce oxidative stress (Lukasze-
wicz-Hussain, 2010). Furthermore, studies with varying
durations of exposure to Organophosphate or Pyrethroid
pesticides have postulated that insects have evolved a
complex antioxidant mechanism to overcome the toxic
effects of ROS (Mittapali et al., 2007; Suh et al., 2010).
The antioxidant defense is primarily constituted by the
enzymatic actions, which include glutathione peroxidase
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(GPX), catalase (CAT), superoxide dismutase (SOD), and
ascorbate peroxidase (Barbehenn, 2002).

In this context, the present study is designed to evalu-
ate the cytotoxic effects of Ammo and Profex on insect
S9 cell line. The insecticides were selected as there is a
lacuna for its toxic effect on Sf9 cell line and moreover,
in vitro model is now considered to be the standard pro-
cedure to evaluate the toxic potential of newly synthe-
sized pesticides.

Methods

Cell culture conditions

S9 was procured from NCCS, Pune, India, and was cul-
tured in Grace’s insect medium (IML001, Himedia, India)
supplemented with 10% FBS (RM1112, Himedia, India),
5 ml insect grace’s medium at 28°-30 °C. The medium
was replaced with fresh culture media every 2—3 days.

Cell viability assay

The MTT assay was performed to find out the IC;, value
and was based on the procedure described by Yu et al.
(2016). In this assay, the yellow tetrazolium salt MTT was
used as a substrate and reduced into purple formazan by
mitochondrial succinate-dehydrogenase in viable cells
only. Sf9 cell suspensions (1 x 10° cells/ml) were seeded
onto a 96-well culture plates (100 pL per well). After
24 h of incubation, varying concentration of Ammo (Tri-
azophos 35%+ Deltamethrin 1%; Sudarshana company,
India) and Profex (Profenofos 40% + Cypermethrin 4%;
Nagarjuna company, India) were added (50, 100, 200,
300, 400 and 500 pg/ml) for 24, 48 and 72 h, and 0.1%
DMSO was used as the control. Four hours before the
assay, 10 pl of MTT (5 mg/ml in PBS) solution (TC191,
HiMedia, India) was added to each well. To dissolve
formazan crystals, the media in each well was replaced
with 100 pl of DMSO (Himedia, India). The optical den-
sity was measured using a microplate reader at 570 nm
with a reference wavelength of 630 nm.

Cell morphology assessment

For cell morphology, modified protocol of Yang et al
(2016) was followed. Sf9 cells (1.5 x 10° cells/ well) were
plated in 6 well plates (TPC6, Himedia, India). After 24 h,
cells were treated with the selected test chemicals for 12,
24 and 48 h. Cell morphological characteristics, such as
cell shrinkage or swelling, membrane blebbing, were
observed using inverted light microscope (Metzler M,
India).

Apoptosis analysis by acridine orange/ethidium orange
(AO/EB) staining

The dual staining of acridine orange and ethidium bro-
mide was used to measure live cells from apoptotic and
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necrotic cells (Li et al., 2013). The cells (1 x 10° cells)
were harvested and washed three times with PBS (pH
7.4) after being incubated with sub-lethal concentration
17.5, 35 and 70uL (LD, MD, HD) of the two test chemi-
cals for 48 h. Cells were then stained with 20 pl of AO
and EB (to a final concentration of 100 pg/ml for both)
and incubated for 15 min at 37 °C in dark and washed
three times with PBS (pH 7.4). The morphology of the
treated cells was examined by fluorescent microscope
(Floid cell imaging station (Invitrogen, USA)) with the
excitation and emission wavelengths set 300 and 590 nm,
respectively.

Intracellular ROS assay

The production of intracellular ROS was measured
by oxidation of DCF-DA. Before the use, H2DCF-DA
(D6883, Sigma-Aldrich, USA) stock solution was pre-
pared in DMSO under a sterile condition in laminar flow
hood and 1 x 10° cells were plated in the six-well plate.
Cells were then treated with the sub-lethal concentra-
tion—HD, MD, LD for both the chemicals. After 48 h of
treatment, the cells were centrifuged at 1000g for 5 min.
Then, the cells were washed twice with PBS (pH 7.4).
Cells were then incubated with DCFH-DA dye at 37 °C
for 30 min to allow the fluorescent probe’s diffusion into
the cells and its subsequent hydrolysis to non-fluores-
cence dichlorofluorescein (DCFH) under the action of
intracellular esterase. Intracellular ROS generation was
measured by fluorescence microscopy (Floid cell imaging
station (Invitrogen, USA)) with the excitation and emis-
sion wavelengths set 488 and 528 nm, respectively (Yu
etal., 2016).

Antioxidant’s activity

ROS antioxidant enzyme activity in Sf9 cells was assessed
in order to check the cytotoxic effects of the selected
insecticides. The activity of antioxidants such as lipid
peroxidase, glutathione-S-transferase and catalase was
checked after (48 h) exposure to the sub-lethal concen-
trations (LD, MD, HD) of Ammo and Profex. Lipid per-
oxidase (LPO) levels were analyzed using the method of
Beuge and Aust (1978). Glutathione levels were analyzed
using the method of Beutter et al. (1963). Catalase activ-
ity was analyzed using the method of Sinha (1972).

Data analysis

Microsoft excel was used to determine the IC;, values
from the dose response curve. Means of antioxidant
activity were subjected to analysis of variance (ANOVA)
with Minitab software package. Significance was
observed at p <0.05 with the means compared using post
hoc Tuckey’s HSD test at p <0.05.
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Results

The cytotoxic effects of Ammo and Profex

The viability of Sf9 cells treated with the increasing
concentrations of organophosphates (Ammo and Pro-
fex) for 24, 48, and 72 h was assessed by MTT assay.
The values obtained from MTT assay of 48 h of treat-
ment with Ammo and Profex were used to find out the
percentage (%) cell viability. The results showed that the
Organophosphates inhibited cell vitality in a dose- and
time-dependent manner at concentrations ranging from
50 to 500 pg/ml (Fig. 1la, b) for both the insecticides.
The IC;, value for Ammo treatment at 48 h for Sf9 cells
was 350 pg/ml (Fig. 1a), and that for Profex was 400 pg/
ml (Fig. 1b). Toxicity bioassays showed that Ammo was
more toxic for Sf9 (IC;,=350 pug/ml) compared to Pro-
fex for Sf9 (IC;,=400 pg/ml). However, to observe the
alterations, three sub-lethal concentrations low, medium
and high doses for Sf9 were selected for Ammo and Pro-
fex respectively (Table 1) for further studies.

Morphological alteration in Sf9 cells treated with Ammo
and Profex

Sub-lethal treatment of Sf9 cells with Ammo and Profex
resulted into a distinct alteration in the cell morphology
compared to control and was found to be dose and time
dependent (Fig. 2a, b). Maximum alterations, such as cell
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Fig. 1 Dose-response curve for the effect of Ammo and Profex on
Sf9 cells. Viability of Sf9 cells subjected to varying concentration of
Ammo (a) and Profex (b) treatment for 48 h was determined by MTT
assay. Results are presented as Mean £ SEM, where n=3, **p <0.05 as
determined by One-way ANOVA
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Table 1 IC;, value and sub-lethal concentrations obtained
after 48 h of exposure to Ammo and Profex, where ICsy/5
Inhibitory Concentration represents high dose (HD), Inhibitory
Concentration 1C5/10 represents medium dose (MD) and
Inhibitory Concentration 1C5,/20 represents low dose (LD)

Inhibitory concentration Ammo(pg/ml) Profex(pg/ml)

ICs, 350 400
ICs0/5 (HD) 70 80
ICs/10 (MD) 35 40
IC,/20 (LD) 175 20

12 hours 24 hours 48 hours

(@)

LD

HD

—

(b)

LD

MD

HD
v v

Fig. 2 Sf9 cell morphology after treatment with Ammo (a) and
Profex (b) for 12, 24 and 48 h. Arrow indicates the change in Sf9
cell morphology such as cell shrinkage, fragmentation after 48 h of
treatment with HD. Here, C = control, LD = low dose, MD = medium

dose and HD =high dose. Bar=50 pm
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shrinkage and cell fragmentation, were observed at 48 h
for both the insecticides.

AO/EB staining

As maximum morphological alterations were observed
at 48 h, the rate of apoptosis on Sf9 cells were ana-
lyzed qualitatively as well as quantitatively using AO/
EB fluorescent DNA binding dye at 48 h. The mean val-
ues of fluorescence recovery are represented in Fig. 3a,
where the range of fluorescence is found to increase in
time- and dose-dependent manner. The AO/EB stain-
ing results obtained are presented in Fig. 3b. The cells
stained in green fluorescence represent AO staining
while that in red/orange fluorescence exhibits EB stain-
ing. Treatment of Ammo and Profex resulted into a dose-
and time-dependent alterations compared to control.
The early apoptotic cell bodies displayed a bright green
nucleus with condensed or fragmented chromatin and
the late apoptotic cells characterized by condensed and
fragmented orange chromatin. The cells initiating apop-
tosis also displayed shrinkage, rounding, and blebbing
of the nuclear membrane. Of the two insecticides, Sf9
cells treated with Ammo show more significant cytotoxic
impacts than Profex.

Intracellular ROS

The intracellular ROS level was analyzed qualitatively as
well as quantitatively by fluorescence microscopy after
incubation of Sf9 cells treated with Ammo and Profex
with DCFH-DA (Fig. 4a, b). The mean values of fluo-
rescence recovery are represented in Fig. 4a, where the
range of green fluorescence is found to increase in a
time- and dose-dependent manner. A dose-dependent
increase in the ROS was observed in the Sf9 cells exposed
to the LD, MD and HD of the test chemicals, suggesting
that Ammo and Profex could induce ROS accumulation
in Sf9 cells (Fig. 4b). Of the two test chemicals, Ammo
exposure resulted into a relatively higher fluorescence
than that of Profex.

Antioxidant’s activity

The values obtained for the antioxidant enzyme assays
are given in Table 2. The level of lipid peroxidase and
Glutathione was found to increase significantly (p <0.05)
on exposure to sub-lethal concentrations of Ammo and
Profex after 48 h (Table 2). On the other hand, the CAT
activity was found to decrease in Sf9 cells after exposure
to insecticides.

Discussion

Ammo and Profex, a combination of Organophosphate
and Pyrethroid, are the most commonly used insecti-
cides in the agricultural fields (Rice, Wheat, Maize, and
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Fig. 3 Results of acridine orange/ethidium bromide assay for Sf9 cells after treatment with sub-lethal concentrations (Low Dose, Medium Dose
and High Dose) of Ammo and Profex. a Depicts the fluorescence (mean = SE) in Sf9 cells after treatment with sub-lethal doses of Ammo and

Profex for 48 h and stained with AO/EB. (p < 0.5%, p <0.05**). b Show Sf9 cell treated with Ammo in an increasing concentrations of LD =17.5 pug/ml|,
MD =35 pg/ml and HD =70 ug/ml and Profex with LD =20 pg/ml, MD =40 ug/ml and HD =80 pg/ml in comparison to Control. Here, the yellow
arrow indicates early apoptotic cells and the blue arrow indicates Late apoptotic cells

Cotton) of India (Singh et al., 2018; Khanday & Dwivedi,
2018). Organophosphates such as Triazophos and Pro-
fenofos as single compound are well explored for its tox-
icity potential, however in combination with Pyrethroids
such as Deltamethrin and Cypermethrin are lacking. In
the present study, IC,, values obtained by MTT assay
revealed that of the two compounds, Ammo (350 pg/ml)

was more toxic compared to Profex (400 pg/ml), which
might probably be due to Ammo’s active components
such as Triazophos and Deltamethrin which are reported
to be highly toxic by various scientists (Kothalkar et al.,
2015; Lal & Jat, 2015; Tomlin, 2009). Earlier studies con-
ducted on relative toxicity of insecticides on insect pest
have reported Triazophos to be more toxic compared to
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Fig. 4 Effects of sub-lethal concentrations of Ammo and Profex for the generation of ROS in Sf9 cells were determined by DCFH-DA staining. a
Depicts the fluorescence (mean = SE) in Sf9 cells after treatment with sub-lethal concentrations of Ammo and Profex for 48 h and stained with
DCF-DA. (p<0.5%, p<0.05**) and b show Sf9 cell treated with Ammo in an increasing concentrations of LD=17.5 ug/ml, MD =35 pg/ml and

HD =70 pg/ml and Profex with LD = 20 pg/ml, MD =40 pug/ml and HD =80 pg/ml in comparison to control. Green fluorescence represents the
intracellular ROS formed. Here, the yellow arrow pointing toward bright green nucleus indicates increased ROS level, cell membrane blebbing, and
nuclear fragmentation

other compounds (Abou-Taleb et al., 2010; Balakrishnan,  which the cell growth inhibition rate of Sf9 cells was
1998; Bao et al, 2009; Martin et al, 2003). Furthermore, reported with various OP and Pyrethroids (Additional
the MTT results revealed a time- and dose-dependent file 1: Table S1).

inhibition of Sf9 cell viability. Our results are in agree- Sub-lethal exposure of Ammo and Profex resulted into
ment with earlier reported work (Saleh et al, 2013) in a dose- and time-dependent morphological alterations
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Table 2 Values obtained for the level of LPO, GSH and CAT activity with the sub-lethal concentrations of Ammo and Profex after 48 h

of exposure to Ammo and Profex

Dose LPO GSH CAT

Ammo Profex Ammo Profex Ammo Profex
Control 1943.58+0.1 183847412 84402 76.5+0.02 1650+ 1.03 1773.17+16
Low Dose 24582402 2366.23+£1.02 91.384+0.02 104.5+£0.02 78540.03** 1550.34£0.02
Medium Dose 2805.2£0.1* 254562+ 1.03* 110.7940.01 119.9+£1.03* 76144 £0.2%* 133002+16
High Dose 3005.124+0.01%* 2810.21£1.04% 179.84 +0.04%* 125.7 £1.02%* 702£0.1%* 1120.14£1.5%

p<0.5% p<0.05%

such as cell shrinkage, nuclear degradation, increase in
cell granularity in the Sf9 cells and was more profound
with Ammo (Figs. 2a, b, 3b, 4b). Cell shrinkage and loss
of cell sphericity indicate advancement for apoptosis
(Zhang et al., 2016), which is accompanied by membrane
blebbing, dissipation of the mitochondrial transmem-
brane potential, Cyt c¢ release, DNA fragmentation and
phosphatidylserine translocation (Plenchette et al., 2004;
Wang et al., 2014). The altered dose-dependent mor-
phology of the Sf9 cell line thus confirms that they are
undergoing apoptosis, which was further authenticated
by qualitative estimation using AO/EB staining. AO/EB
staining with both the compounds confirmed the Sf9
cell line undergoing Apoptosis. Zhang et al. (2015) dem-
onstrated similar results in Drosophila melanogaster S2
cells undergoing apoptosis on exposure to Fipronil. Thus,
it can be concluded that both the insecticides are capable
of inducing apoptosis in the Sf9 cells.

Apoptosis is an important homeostatic mechanism
in cells that is characterized by cell shrinkage and con-
densation of nuclear chromatin (Johnson et al., 2000).
AO/EB analysis results indicated that the proportions
of apoptotic cells increased with increasing concen-
trations of both the compounds after 48 h of exposure.
At the same time, a series of morphological changes
including cell shrinkage and condensed and fragmented
nuclei were observed. Thus, these preliminary observa-
tions suggest that Ammo and Profex induce the death
of Sf9 cells through apoptotic pathways. Our results are
in agreement with earlier work where various OPs and
Pyrethroids have been reported to alter the morphology
of cell lines (Karami-Mohajeri & Abdollahi, 2013; Huang
et al,, 2015; Zhang et al., 2016; Mandi et al., 2020).

Intracellular ROS functions as a trigger of signalling
molecules to initiate downstream events regulating cell
differentiation, cell cycle, and apoptosis (Yu et al., 2016).
However, excessive ROS production would impair and
oxidize DNA and consequently result in the dysfunction
of these molecules within cells leading to apoptosis (Li-
Bo et al.,, 2012). ROS induces cardiolipin peroxidation in

the mitochondrial inner membrane causing cytochrome-
¢ release by breaching hydrostatic interactions (Chen
et al,, 2010; Huang et al., 2013). Thus, the results obtained
in the present research using DCFH-DA dye, which is a
colorimetric and fluorimetric probe was used for detec-
tion of oxidative species. A consistent dose-dependent
increase in the production of ROS with increasing sub-
lethal concentrations of both chemicals indicates that the
dysfunction of mitochondria is probably inducing cell
apoptosis via the generation of ROS. Therefore, to dem-
onstrate the effect of Ammo and Profex in the genera-
tion of ROS, we first carried out the qualitative analysis of
intracellular ROS. Our results are in agreement with pre-
viously reported studies where oxidative stress has been
confirmed to involve in pesticide-induced cytotoxicity
in SH-5Y5Y cells (Rabideau and Rabideau, 2001); in SF9
cell line (Saleh et al., 2013); in Tn5B1-4 cells (Luan et al.,
2017); in UCR-Se-1 (Adamski et al., 2005); in Drosophila
S2 cells (Zhang et al., 2015). Similar in vitro studies have
shown the activation of intrinsic pathway of apoptosis in
a p53 independent way on exposure to chlorella extract
likes 2-chloroadenosine, resveratrol (Amin, 2009).
Oxidative stress by increased production of reac-
tive oxygen species has been implicated in the toxicity
of many pesticides (Bagchi et al., 1995; El-Demerdash,
2011). To confirm the role of Ammo and Profex in the
production of ROS, the antioxidant defense system
against the ROS in Sf9 cells was checked. The results
revealed a significant increase (p<0.05) in the GSH
activity ensuing from the upregulation of reactive oxy-
gen species on exposure to organochemicals. However,
a substantial decrease in the CAT activity was observed
in the Sf9 cells due to the overproduction of ROS under
the oxidative stress generated by the OP. The probable
mechanism by which the OP has expressed such activ-
ity is by inhibiting the activity of Sodium/Potassium
ATPases, which in turn impairs cellular respiration
and leads to an enhanced level of oxygen free radical
(Adamski et al., 2005). The results confirm the role of
active components such as Triazophos and Profenofos
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in enhancing the level of reactive oxygen species by
inducing toxicity in Sf9 cells. Phosalone has been
reported to have a pronounced effect on LPO, resulting
in a decreased activity of CAT in vitro (Altuntas et al.,
2003). Overproduction of ROS is known to induce oxi-
dative stress unless it gets scavenged with endogenous
antioxidants (Amin et al., 2006). Thus, overproduction
of ROS would lead to the depletion of antioxidants or
to the direct action of OP on the peroxidation reaction.
OPs such as chlorpyrifos and diazinon have also proved
to increase intracellular levels of ROS and LPO, which
is modulated by intracellular GSH (Giordano et al.,
2007). Thus in affirmation with the earlier studies, our
present study confirms that both the OPs (triazophos
and profenofos) irrespective of different active com-
pounds have resulted in the generation of ROS. In addi-
tion, the level of LPO estimated in the Sf9 cells shows a
significant (p <0.05) increase in the LPO level, directly
proportional to the increase in ROS. Similar results
were obtained by Basu where in rat’s hepatic cells were
found to induce non-enzymatic and enzymatic lipid
peroxidation exposure to CCl4 (Carbon tetrachloride).
CCl4 induced toxicity was found to enhance Lipid per-
oxidation by ROS, antioxidative nutrients, and various
other factors that alleviate the biological membranes
and cell structure in basal and pathological conditions
(Basu, 2003). Lipid peroxidation is thus considered an
essential indicator of oxidative damage of cellular com-
ponents due to excessive generation of ROS, leading to
several biological effects ranging from the alteration in
signal transduction to gene expression and apoptosis
oxidative stress development (Kannan & Jain, 2004).

Conclusion

In our study, both the OPs evoked ROS production
within the Sf9 cells, which ultimately prompted cellular
damage and triggered cell death. The Sf9 cells undergo
ROS-mediated apoptosis. Therefore, it can be concluded
that there is an existence of mitochondrial-depend-
ent intrinsic pathway of apoptosis in the Sf9 cell line,
prompted by two selected chemicals that are the com-
bination of Organophosphate and Pyrethroid. However,
further investigation is required to reveal the mitochon-
drial mechanisms and regulation of caspase activation
during apoptosis. The present study was conducted in
order to provide a basic knowledge for toxicity potential
of chemicals at cellular level. Also, it is important to eval-
uate the environmental safety and risk factors of selected
chemicals. Results suggest that both chemicals are highly
toxic, which may cause detrimental effects on the sur-
rounding environment and the non-target species.
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