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ARTICLE INFO ABSTRACT

Keywords: Previous research has shown that deltamethrin, a Type-II pyrethroid, increases fat accumulation in adipocytes
Deltamethrin and Caenorhabditis elegans. The underlying mechanisms on how deltamethrin promotes fat accumulation,
PYlfethl’Oid ) however, are unknown. The aim of the current study was therefore to determine the possible mechanisms
Adipogenesis through which deltamethrin increases fat accumulation in mouse 3T3-L1 adipocytes and C. elegans. Deltamethrin
QRMEtI:gss (10 uM) significantly increased fat accumulation, and the expression of adipogenic regulators, such as CCAAT/

enhancer-binding protein (C/EBPa) and fatty acid synthase (FAS). Deltamethrin significantly decreased the
phosphorylation of AMP-activated kinase a (AMPKa), while it increased protein expression of endoplasmic
reticulum (ER) stress markers in 3T3-L1 adipocytes and C. elegans. The activation of AMPK with 5-aminoimi-
dazole-4-carboxamide ribonucleotide (AICAR) or the inhibition of ER stress with 4-phenylbutyrate (4-PBA)
abolished the effects of deltamethrin on adipogenesis. Further study reveals that 4-PBA recovered the decreased
AMPK phosphorylation induced by deltamethrin. These results suggest that deltamethrin promotes adipogenesis

through an ER stress-AMPKa mediated pathway.

1. Introduction

Pyrethroid insecticides are synthetic derivatives of naturally oc-
curring pyrethrins, which are widely used in agriculture and house-
holds for the control of pests. Due to their relatively low mammalian
toxicity (Armstrong et al., 2013; Yoon et al., 2008), pyrethroid in-
secticides, a relatively new class, are regarded as safe compared to
carbamates/organophosphates. Pyrethroids have been intensively used
in Europe and the United States since the early 1980s (Kim et al., 2010),
and significant amounts of pyrethroid metabolites have been detected
in the urine of humans, including pregnant women and children in
recent years (Berkowitz et al., 2003; Morgan et al., 2007; Naeher et al.,
2010). By the mid-1990s, pyrethroids occupied about 23% of the global
insecticide market; this decreased to around 15% in 2015 (Xiao et al.,
2017b).

Pyrethroids are divided into two classes according to their structure
and toxic effects (Gammon et al., 1981). Type I compounds have no
cyano group on the methylene carbon of the phenoxybenzyl alcohol,

and they can cause tremors or skin parathesia. Type II compounds
contain a cyano group, and their toxic symptoms include salivation and
hyperexcitability (Kim et al., 2008). As excitoxins, pyrethroids achieve
their toxicity by preventing the closure of voltage-sensitive sodium
channels (VSSC) in nerve cells (Choi and Soderlund, 2006). Deltame-
thrin is a type II pyrethroid, and their LDsq varies from 30 mg/kg body
weight (in an oily vehicle) to 5000 mg/kg body weight (in an aqueous
vehicle) (Shen et al., 2017). The elimination half-life of deltamethrin
was 38.5 h in rats when administered orally, and 33.0 h if administered
intravenously (Anadon et al., 1996). Deltamethrin was reported to ac-
cumulate in various tissues, including plasma, brain, fat, skin and
muscle (Berkowitz et al., 2003; Morgan et al., 2007; Naeher et al.,
2010).

Emerging evidence, including our previous studies, suggests a re-
lationship between exposure to insecticides that cause membrane de-
polarization and the development of obesity (Kim et al., 2014, 2016;
Mangum et al., 2015; Park et al., 2013; Sun et al., 2016a, 2017, 2018a;
Xiao et al., 2017a, 2018). Deltamethrin was previously reported to
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enhance adipogenesis and decrease the phosphorylation of AMP-acti-
vated protein kinase-a (AMPKa) in mouse 3T3-L1 adipocytes and C.
elegans (Shen et al., 2017), although the underlying mechanisms re-
mained to be determined.

AMPK is a master regulator of energy metabolism and lipid synth-
esis. Activation of AMPK has been reported to inhibit adipogenesis with
reduced expression of CAATT element binding protein-a (C/EBPa) and
Fatty acid synthase (FAS) (Habinowski and Witters, 2001). ER stress
also known as the unfolded protein response (UPR) has also been linked
with obesity and UPR activation contributes to adipogenesis (Basseri
et al., 2009). The aim of the current study was therefore to determine
the role of ER stress in deltamethrin-induced AMPK inactivation,
leading to enhanced adipogenesis in 3T3-L1 adipocytes and the C. ele-
gans model.

2. Materials and methods
2.1. Materials

Mouse 3T3-L1 preadipocytes were provided by the Shanghai Cell
Bank of the Chinese Academy of Sciences (Shanghai, China). Fetal bo-
vine serum (FBS), Dulbecco's modified Eagle's medium (DMEM), in-
sulin, methylisobutylxanthin, dexamethasone, dimethyl sulfoxide
(DMSO), 5-aminoimidazole-4-carboxamide ribonucleotide (AICAR,
>98%), and sodium phenylbutyrate (4-PBA, =98%) were obtained
from Sigma-Aldrich Co. (St. Louis, MO, USA). Deltamethrin [Cyano(3-
phenoxyphenyl)methyl 3-(2,2-dibromovinyl)-2,2-dimethylcyclopropa-
necarboxylate] (=99%) was purchased from AccuStandard (New
Haven, Connecticut, USA). Radioimmuno-precipitation assay (RIPA)
buffer supplemented with 1% protease and phosphatase inhibitor was
purchased from Beyotime Biotechnology Inc. (Shanghai, China). Rabbit
antibodies to AMPKa, phosphorylated AMPKa (pAMPKa), FAS, C/
EBPa, adiponectin, binding immunoglobulin protein (Bip), CCAAT-
enhancer-binding protein homologous protein (CHOP), activating
transcription factor 6 (ATF6), inositol-requiring enzyme 1 o (IRE1a), X-
box binding protein 1s (XBP1s), glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH), and horseradish peroxidase-conjugated goat anti-
rabbit IgG were from Cell Signaling Technology (Beverly, MA, USA).
Rabbit antibodies of phosphorylated IRE1a were obtained from Abcam
(Cambridge, MA, USA). All the C. elegans strains and Escherichia coli
OP50 used in the current study were obtained from Caenorhabditis
Genetics Center (CGC), University of Minnesota, City, USA. Strains used
include SJ4005 [zcIs4 (phsp-4::GFP)]; AM141[rmIs133 (unc-
54p::Q40::YFP)]. Household Clorox bleach (The Clorox Company,
Oakland, CA, USA) was used for synchronizing the worms.
Fluorodeoxyuridine (FUdR) and carbenicilin were purchased from
Sigma-Aldrich Co. (St. Louis, MO, USA).

2.2. 3T3-L1 culture

3T3-L1 preadipocytes were cultured as previously described (Park
et al., 2013; Peng et al., 2019¢). 3T3-L1 preadipocytes were maintained
in DMEM supplemented with 10% FBS at 37 °C until confluence. Adi-
pocyte differentiation was initiated with DMEM containing 10% FBS
and a mixture of dexamethasone (1uM), methylisobutylxanthin
(0.5mM), and insulin (1 ug/mL). On day 2, the medium was switched
to DMEM with 10% FBS and insulin. From day 4, cells were maintained
in DMEM plus 10% FBS, and the medium was changed at 2-day inter-
vals. Cells were treated with deltamethrin (1 and 10uM), AICAR
(40 uM) or 4-PBA (10 mM) from day O as indicated in each figure le-
gend. The deltamethrin, AICAR and 4-PBA concentrations used in the
current study were based on previous publications (Basseri et al., 2009;
Shen et al., 2017; Sun et al., 2016a, 2017) and had no cytotoxicity on
3T3-L1 adipocytes as determined by MTT assay (Fig. 1S).
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Fig. 1. Deltamethrin treatment increased triglyceride accumulation in 3T3-L1
adipocytes. Cells were treated with deltamethrin for 8 days (from day 0).
Numbers are mean + S.E. (n = 4). Means with different letters were sig-
nificantly different at P < 0.05.

2.3. Measurement of cell cytotoxicity

MTT-based cell viability test was performed to determine the cy-
totoxicity of deltamethrin, AICAR, and 4-PBA. Briefly, 3T3-L1 cells
were seeded in 96-well plates at a density of 1 x 10°cells/mL. Cells
were treated with deltamethrin, AICAR (40 uM) or 4-PBA (10 mM) for 8
days. The medium was then replaced with 5mg/mL MTT in DMEM
(without phenol red) for 4hat 37 °C. After incubation, and 3 times
wash with phosphate-buffered saline (PBS), formazan crystals dissolved
in DMSO were measured with Multiskan FC microplate reader (Thermo
Fisher Scientific, Waltham, MA, USA) at 570 nm.

2.4. Triglyceride quantification

Cells were washed three times with phosphate-buffered saline (PBS)
and harvested by scraping in PBS supplemented with 1% Triton-X after
8 days of differentiation. Homogenous samples were obtained from
cells after sonication. The triglyceride (TG) and protein contents were
quantified with kits from Nanjing Jiancheng Bioengineering Institute
(Nanjing, Jiangsu Province, China). TG content was normalized with
protein concentration.

2.5. Immunoblotting

Cells were lysed with RIPA buffer supplemented with protease and
phosphatase inhibitor and immunoblotting was performed as pre-
viously described (Peng et al., 2019b; Sun et al., 2018b). Primary rabbit
antibodies were diluted following the recommendation of producers.
Horseradish peroxidase conjugated goat anti-rabbit IgG was used as the
secondary antibody. Detections were performed on an image station
Tanon 5500 (Shanghai, China) with ECL Substrate Kit from Beyotime
Biotechnology Inc. (Shanghai, China). Image and results were analyzed
with Image J software (Schneider et al., 2012).

2.6. C. elegans culture

C. elegans were cultured using standard methods as previously de-
scribed (Peng et al., 2019a; Sun et al., 2016b). Nematode growth
medium (NGM), M9-buffer solution, and S-complete solution were
prepared as previously reported (Shen et al., 2017; Sun et al., 2016b).
Briefly, after a synchronous worm population was acquired, synchro-
nized L1 worms were cultured in 12-well plates at 25 °C treated with
0.1% DMSO as control, or 25 uM deltamethrin, determined based on
preliminary experiments that 10 uM deltamethrin only mildly increased
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Fig. 2. Effects of deltamethrin on protein levels of adipogenic regulators. A. representative picture; B. Adiponectin; C. C/EBPa, CAATT element binding protein-a; D.
FAS, Fatty acid synthase; E. pAMPKo/AMPKa, phosphorylated AMP-activated protein kinase-a over AMPKa. Cells were treated with deltamethrin (10 uM) for 8 days

(from day 0). Numbers represent mean + S.E. (n = 3-4). *p < 0.05, vs. control.

the hsp-4 expression by 9.6% (P = 0.06) (Fig. 2S).

2.7. Fluorescence microscopy

Before imaging, worms were immobilized in 2 mM levamisole, and
mounted on a slide with 3% agarose using a cover slip. After prepara-
tion of the slides, fluorescent images were taken using a Nikon Eclipse
Ti-U Inverted Microscope (Micro Video Instruments, Avon, MA). The
average GFP intensity of SJ4005 worms was measured for ER stress
response, and the average number and size of polyglutamine yellow
fluorescence protein (YFP) inclusions were scored for AM141 worms.
For each treatment, about 30 worms were used. Analysis of the images
was performed using the ImageJ software developed by the National
Institute of Health (NIH).

2.8. Statistical analyses

The PROC MIXED procedure was utilized to analyze data with the
SAS software (version 9.3, SAS Institute Inc., Cary, NC, USA).
Differences between each treatment in Figs. 1, 3, 5 and S1 were ana-
lyzed using one-way ANOVA (Tukey's multiple-range test). Two-way
ANOVA along with a LS means statement was used in Figs. 3 and 5.
Significance of differences was defined at the P < 0.05 level.

3. Results

3.1. Deltamethrin increased triglyceride content and protein expression of
regulators controlling adipogenesis in 3T3-L1 adipocytes

Consistent with the previous report (Shen et al., 2017), deltamethrin
(10uM) treatment significantly increased TG content by 91%

(P = 0.0001) compared to the control in this cell-based model (Fig. 1).
Deltamethrin also significantly increased the protein expression levels
of adiponectin, C/EBPa and FAS (Fig. 2A & D), meanwhile reduced the
phosphorylation of AMPKa compared to the control (Fig. 2A & E).
These results suggest that deltamethrin induced adipogenesis and re-
duced the activation of AMPKa in 3T3-L1 adipocytes.

3.2. Influence of AMPKa activation on adipogenesis induced by
deltamethrin

We further investigated the influence of AMPKa activation on in-
creased adipogenesis induced by deltamethrin. AICAR is a potent AMPK
activator that is phosphorylated to generate 5-amino-4-imidazole-
carboxamide ribotide (ZMP). ZMP mimics AMP and stimulates AMPK
phosphorylation in the cell (Merrill et al., 1997). As shown in Fig. 3A-B,
there was a significant interaction between AICAR and deltamethrin
treatment (P = 0.0094) on AMPK phosphorylation. AICAR increased
AMPK phosphorylation both in the absence (71%, P = 0.0014) or the
presence of deltamethrin (300%, P < 0.0001), suggesting that AICAR
successfully activated AMPK in the current system. There was a sig-
nificant interaction between AICAR and deltamethrin treatment on fat
accumulation (P = 0.0002). AICAR treatment alone decreased fat ac-
cumulation (53%, P = 0.0036), while 10 uM deltamethrin treatment
alone increased fat accumulation (100%, P < 0.0001), as shown in
Fig. 3C. When cells were treated with AICAR and deltamethrin to-
gether, the enhanced fat accumulation by deltamethrin was abolished
by AICAR treatment (P < 0.0001) (Fig. 3C). These results suggest that
deltamethrin induced fat accumulation via the AMPKa-dependent
pathway.
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Fig. 3. AICAR (5-Aminoimidazole-4-carboxamide ribonucleotide) abolished the
increased fat accumulation induced by deltamethrin. A. representative picture;
B. pAMPKa/AMPKa, phosphorylated AMP-activated protein kinase-a over
AMPKa; C. Triglyceride content. Cells were treated with deltamethrin (10 uM)
or AICAR (40 uM) for 8 days (from day 0). Numbers represent mean + S.E.
(n = 3). Means with different letters were significantly different at P < 0.05.

3.3. Deltamethrin treatment stimulated ER stress in 3T3-L1 adipocytes

BiP, a molecular chaperone in the lumen of ER, binds to newly
synthesized or misfolded proteins and helps in the subsequent folding,
oligomerization, or degradation of these proteins (Cnop et al., 2012).
ATF6 is an ER-stress-regulated transmembrane transcription factor that
activates the transcription of ER molecular chaperones. Upon ER stress,
BiP dissociates with ATF6, and allows the translocation of ATF6 to the
Golgi, which then localizes into the nucleus to activate UPR target
genes, including adipogenic genes (Ho et al., 2018; Shen et al., 2002).
Reduction of ATF6 expression resulted in impaired expression of key
adipogenic genes and reduced fat accumulation (Lowe et al., 2012).
Deltamethrin (10 uM) treatment significantly increased the protein

Food and Chemical Toxicology 134 (2019) 110791

expression of BiP and ATF6 compared to the control (140% & 100%,
P =0.0100 & 0.0038, respectively, Fig. 4A-C). IREla is another ER-
resident transmembrane protein containing a luminal domain and a
cytoplasmic portion with a protein kinase domain. Upon ER stress,
IREla undergoes trans-autophosphorylation and leads to the post-
transcriptional splicing of X-box binding protein (XBP1) from XBP1s,
which then translocate to the nucleus and increase the synthesis of li-
pids and ER chaperones (Xiao et al., 2017b). The phosphorylation of
IREla and the expression of XBP1s were significantly increased after
deltamethrin treatment compared to the control (38% and 50%,
P = 0.0057 and 0.0011, respectively, Fig. 4A & DE). CHOP expression
is markedly increased in response to ER stress through IRE1-and ATF6-
dependent transcription induction (Nishitoh, 2011). Consistently, the
expression of CHOP was also markedly increased by deltamethrin
treatment (50%, P = 0.0085, Fig. 4A & F). These results suggest that
deltamethrin induced ER stress in 3T3-L1 adipocytes.

3.4. The chemical chaperone, 4-phenylbutyrate, inhibited adipogenesis
induced by deltamethrin in 3T3-L1 adipocytes

4-PBA, a well-established chemical chaperone and inhibitor of ER
stress, was reported to inhibit adipogenesis and reduce weight gain in a
diet-induced obesity mouse model (Basseri et al., 2009). As shown in
Fig. 5A-C, there were significant interactions between deltamethrin and
4-PBA on BiP and CHOP (P < 0.0001 for both). As shown in Fig. 5A-D,
In the presence or absence of deltamethrin, 4-PBA reduced the ex-
pression of pIRE1 (56% and 57%, P < 0.0001 and P = 0.0129, re-
spectively), BiP (71% and 86%, P < 0.0001 and P = 0.0004, respec-
tively) and CHOP (70% and 79%, P < 0.0001 and P = 0.0008,
respectively), suggesting the alleviation of ER stress by 4-PBA. More-
over, deltamethrin-induced fat accumulation, C/EBPa, FAS over-ex-
pression (P < 0.0001 for all three) and AMPK phosphorylation decline
(P = 0.0004) were abolished by 4-PBA co-treatment as shown in
Fig. 5A & E-H. The results indicate that deltamethrin regulates fat ac-
cumulation and AMPK phosphorylation via ER stress-mediated
pathway.

3.5. Deltamethrin treatment induced ER stress in C. elegans

We further determined the influence of deltamethrin on ER stress in
C. elegans. C. elegans have no mesoderm-derived adipose cells, instead
the fat are primarily stored in their intestinal and skin-like epidermal
cells (Mullaney and Ashrafi, 2009). In this vein, we investigated the
induction of ER stress response with a SJ4005 strain with an hsp-
4p::GFP reporter. Hsp-4 is the homolog of mammalian ER chaperone
BiP, which is used as a general marker of ER stress response in C. elegans
(Wang and Kaufman, 2012). During ER stress, hsp-4 expression is up-
regulated and the GFP intensity in SJ4005 worms is higher in the gut
and hypodermis than those without ER stress (Hou et al., 2014). The
expression of the hsp-4 GFP reporter was thus measured to determine
ER stress response in C. elegans. In this experiment, a 4-h treatment of
3 mM dithiothreitol (DTT), an ER stress inducer, was used as a positive
control (Yorimitsu et al., 2006). As shown in Fig. 6A &C, treatment with
25uM deltamethrin increased the ER stress response significantly by
44% compared to the control (P = 0.0215). Since the induction of ER
stress in C. elegans is usually associated with the accumulation of un-
folded and misfolded proteins, the effect of deltamethrin on protein
misfolding was also examined using a C. elegans polyglutamine model
(Angeli et al., 2014). Due to a lack of C. elegans polyglutamine ag-
gregates GFP strains in adipose tissue, we studied the influence of
deltamethrin on polyglutamine aggregates in C. elegans muscle with the
C. elegans transgenic strain AM141 expressing Q40:YFP in its body wall
muscle cells (Angeli et al., 2014) as expression of polyglutamine stretch
leads to the formation of aggregation that can be visualized by fluor-
escent microscopy (Morley et al., 2002). Our results showed that
treatment with 25 puM of deltamethrin had no significant effect on the
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Fig. 4. Effects of deltamethrin on protein levels of ER stress markers. A. representative picture; B. BiP, binding immunoglobulin protein; C. ATF6, activating
transcription factor 6; D. pIREla/IREla, phosphorylated inositol-requiring enzyme 1 a over IREla; E. XBP1s, X-box binding protein 1s; and F. CHOP, CCAAT-
enhancer-binding protein homologous protein. Cells were treated with deltamethrin (10 uM) for 8 days (from day 0). Numbers represent mean + S.E. (n = 3-4). *
P < 0.05, vs. control.

average number of polyglutamine aggregates (Fig. 6B & D), but sig- deltamethrin induced ER stress in C. elegans intestine, hypodermis and
nificantly increased the average size of polyglutamine aggregates by muscle.
500% (P < 0.0001, Fig. 6B & E). These results suggest that
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4. Discussion

The current study suggests that AMPKa and ER stress are involved
in increased adipogenesis induced by deltamethrin. This is consistent
with the observation that deltamethrin potentiate adipogenesis via an
AMPK-dependent mechanism (Shen et al., 2017), and further expands
our understanding that ER stress is involved in increased adipogenesis
induced by deltamethrin.

AMPK is a master regulator which has a critical role in the regula-
tion of energy balance and lipid metabolism (Bijland et al., 2013). It is
known that activation of AMPK inhibits adipogenesis by decreasing the
expression of C/EBPa, PPARy and late adipogenic markers, such as FAS
and ACC (Habinowski and Witters, 2001). Our current results indicate
that deltamethrin augments fat accumulation through post-transla-
tional regulation of AMPK, which is consistent with the previous report

that deltamethrin might potentiate adipogenesis in C. elegans (Shen
et al., 2017).

ER stress has also been linked to obesity and insulin resistance in
many previous studies (Basseri et al., 2009; Hotamisligil, 2005;
Hummasti and Hotamisligil, 2010; Ozcan et al., 2004). There are three
different ER stress pathways with three different ER stress transducers:
PERK, IREla, and ATF6. These transducers bind to ER chaperones such
as BiP under normal conditions. However, under ER stress conditions,
BiP dissociates from IRE1, PERK, and ATF6, activating these ER stress
transducers (Ron and Walter, 2007). ATF6 is located in the ER mem-
brane and is closely related to lipid biosynthesis (Bommiasamy et al.,
2009; Cnop et al., 2012). IREla is activated by autophosphorylation
(Ron and Walter, 2007), which subsequently results in the translation of
XBP1s (Cnop et al., 2012). The IREla-XBP1s pathway has also been
reported to be indispensable for adipogenesis (Sha et al., 2009).
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Previously, it was reported that permethrin (a Type I pyrethroid) in-
duced ER stress, such as the enhanced phosphorylation of IRE1 and the
increased expression of BiP, CHOP and XBP1s (Xiao et al., 2017b). Our
current results are consistent with these previously reported findings in
that deltamethrin treatment likewise increased the expression of BiP,
ATF6, XBP1s, CHOP and the phosphorylation of IRE1 in adipocytes.
The effect of deltamethrin in causing ER stress was further confirmed in
the C. elegans model where deltamethrin increased Hsp-4 expression
and the aggregation of polyglutamine. We further observed that 4-PBA
inhibited both deltamethrin-induced adipogenesis and AMPK phos-
phorylation as previously reported in skeletal muscle (Bohnert et al.,
2016), suggesting that deltamethrin regulates adipogenesis via an ER
stress-AMPK mediated pathway. However, more experiments about 4-
PBA, AICAR and their combinational effect in C. elegans would be
needed further to strengthen the current findings. Given that it is not
clear if deltamethrin regulates adipogenesis through ATF6 or the IRE1-
XBP1s pathway; this also need to be further explored in the future.
Pyrethroids are known to act on VSSC (voltage-sensitive sodium
channels), causing the prolongation of sodium ion influx, and leading to
plasma membrane depolarization (Narahashi, 1992). The depolariza-
tion of the plasma membrane will open both low- and high-voltage-
activated voltage-sensitive calcium channels (VSCC) and allow calcium
ion influx (Scamps et al., 2004). Recently, it was also reported that
voltage-dependent intracellular calcium transients were caused by the
entry of calcium ions through both plasma VSCC and calcium ion re-
lease from intracellular stores of the ER via calcium-induced calcium
release (CICR) mechanisms (Scamps et al., 2004). ER calcium release
has been reported to trigger ER stress and the UPR due to mis-folding of
proteins because chaperones require high calcium levels to properly
function (Berridge, 1995; Xu et al., 2017). Based on increased ER stress
markers and previous reports that pyrethroid insecticides increased

intracellular levels, it is possible that deltamethrin induced ER stress via
ER calcium release mechanisms; this needs to be further explored in the
future.

The toxicity symptom of deltamethrin includes hyperexcitability,
paresthesia, tremor, salivation, etc. (Shen et al., 2017). The acceptable
daily intake (ADI) of deltamethrin was 0-0.01 mg/kg bw/day in a 1-
year study in dogs treated with capsule, a 2-year study in the diet in
dogs, and two 2-year studies in the diet in rats (Shen et al., 2017). There
is very limited information about the blood concentration of deltame-
thrin; however, it was reported that deltamethrin residues in human
blood, ranging from undetectable to 2-79 uM (Ahmed Azmi and Naqvi,
2011). Thus, the deltamethrin concentration used in the current study
might be relevant for human exposure.

In summary, the current study suggests that deltamethrin promoted
adipogenesis via an ER stress-AMPK mediated pathway in adipocytes
and is significant in providing a potential link between insecticide ex-
posure-deltamethrin in particular-and impaired adipocyte functions.
Nonetheless, our current results are limited to cell and C. elegans
models. Thus, further mice and epidemiological studies are necessary to
further elucidate the significance of the current study.
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