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a  b  s  t  r  a  c  t

Insecticide  use  is the  prevailing  control  tactic  for the  mosquito  Aedes  aegypti,  a vector  of several  human
viruses,  which  leads  to  ever-increasing  problems  of  insecticide  resistance  in  populations  of this insect
pest  species.  The  underlying  mechanisms  of  insecticide  resistance  may  be  linked  to  the  metabolism  of
insecticides  by  various  cells,  including  oenocytes.  Oenocytes  are  ectodermal  cells  responsible  for  lipid
metabolism  and  detoxification.  The  goal  of  this  study  was  to evaluate  the  sublethal  effects  of  deltamethrin
on  survival,  behavior,  and  oenocyte  structure  in the  immature  mosquitoes  of insecticide-susceptible
and  resistant  strains  of  A. aegypti.  Fourth  instar  larvae  (L4)  of both  strains  were  exposed  to  different
concentrations  of deltamethrin  (i.e.,  0.001,  0.003,  0.005,  and  0.007  ppm).  After  exposure,  L4 were  sub-
jected  to behavioral  bioassays.  Insecticide  effects  on  cell  integrity  after  deltamethrin  exposure  (at  0.003
or  0.005  ppm)  were  assessed  by processing  pupal  oenocytes  for  transmission  electron  microscopy  or
TUNEL  reaction.  The  insecticide  resistant  L4  survived  all the tested  concentrations,  whereas  the  0.007-
ppm  deltamethrin  concentration  had  lethal  effects  on  susceptible  L4. Susceptible  L4  were  lethargic  and
exhibited  less  swimming  activity  than  unexposed  larvae,  whereas  the  resistant  L4  were  hyperexcited

following  exposure  to 0.005  ppm  deltamethrin.  No  sublethal  effects  and no significant  cell  death  were
observed  in  the  oenocytes  of  either  susceptible  or resistant  insects  exposed  to  deltamethrin.  The  present
study  illustrated  the  different  responses  of susceptible  and  resistant  strains  of A.  aegypti  following  expo-
sure to sublethal  concentration  of  deltamethrin,  and  demonstrated  how  the  behavior  of  the  immature
stage  of  the  two  strains  varied,  as  well  as  oenocyte  structure  following  insecticide  exposure.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

The mosquito Aedes aegypti is of great importance to public
ealth as one of the main vectors of numerous arboviruses, includ-

ng those causing dengue and the urban yellow fever viruses (Braga
nd Valle, 2007). To date, vector control is the principal method
f preventing dengue and other diseases. Among the methods for
he control of mosquito vectors, including those employed for A.
egypti control, the use of insecticides, such as deltamethrin, is

idespread (Rose, 2001). However, the development of resistance

o deltamethrin in vector populations has been reported (Gayathri
nd Murthy, 2006; Perera et al., 2008).

∗ Corresponding author.
E-mail address: gmartins@ufv.br (G.F. Martins).
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001-706X/© 2016 Elsevier B.V. All rights reserved.
Insecticide resistance in insect vectors, including mosquitoes,
occurs because of a strictly genetic mechanism. The main mutations
affect the target proteins of insecticides, which may  also be related
to insecticide metabolism, and this may  result in the reduction in
insecticide exposure or uptake and sequestration of the insecti-
cide away from the targeted proteins. The main pyrethroid sites of
action are the neuron voltage-gated sodium channels (Narahashi,
1996, 2002; Soderlund, 2012), which affect the peripheral and
central nervous system, stimulating cells to produce repetitive
discharges and eventually causing paralysis and the knock down
effect (Braga and Valle, 2007; Santos et al., 2007). However, there
are mechanisms of resistance to pyrethroids that reduce neuronal
sensitivity to the insecticide; one such mechanism is known as

knockdown resistance (KDR) (Soderlund and Bloomquist, 1990).
The KDR leads to approximately a 10- to 20-fold decrease in the
sensitivity of the sodium channel insecticide (Davies et al., 2007a).

dx.doi.org/10.1016/j.actatropica.2016.02.021
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Fig. 1. Survival curves for L4 of pyrethroid-susceptible A. aegypti (A) and resistant
N.B. Marriel et al. / Act

n the house fly Musca domestica, for example, a change in a single
ucleotide in the sodium channels results in a KDR mutation (Ingles
t al., 1996; Knipple et al., 1994; Miyazaki et al., 1996; Williamson
t al., 1993, 1996). In some cases, mutations represent a 100-fold
ncrease in pyrethroid resistance what is known as super-KDR
esistance (Davies et al., 2007a). Mutations in the sodium channel
re responsible for KDR and have been documented in several agri-
ultural pest and disease vector insects (Davies et al., 2007b; Dong,
007). The selective pressure of insecticides, their frequency of use,
nd the inheritability of resistance to them contribute to the spread
f insecticide resistance among insect populations, compromising
ontrol efforts (Hemingway and Ranson, 2000; Li et al., 2007).

The behavior of insects, as well as all animals, is governed by
nteractions between neurons and between the nervous system,
nd the environment. There are neurotoxic insecticides (such as
eltamethrin, a type II pyrethroid) that act at specific sites in the

nsect nervous system while interacting with the sodium chan-
els in neurons (Narahashi, 1996; Ray and Fry, 2006). Therefore,
eurotoxic insecticides can affect the behavior of insects even at

ow concentrations (Guedes et al., 2016; Haynes, 1988). Sublethal
xposure to insecticides can also alter predator-prey interactions
Clements and Newman, 2002; Dell’omo, 2002; Guedes et al.,
016; Teplitsky et al., 2005; Van Gossum et al., 2009), and inter-
ere with development, survival, and mobility, as observed in A.
egypti (Tomé et al., 2014). In addition, various activities, such as
eeking refuge, evasion, breathing, foraging, and locomotion, can
e affected when insects are exposed to neurotoxic insecticides
Brackenbury, 2001; Guedes et al., 2016; Janssens and Stoks, 2012).

Insect behavioral responses to insecticides are diverse and may
e related to insect mobility (Davidson, 1953; Guedes et al., 2016;
aubruge and Amichot, 1998; Lockwood et al., 1984), and these
ehavioral responses can be evaluated by excito-repellency tests
Roberts et al., 1997). Irritability by contact exposure takes place
hen adults of A. aegypti are directly exposed to insecticides,

uch as deltamethrin, and the mosquitoes quickly escape from
nsecticide-contaminated areas, which can have significant effects
n the effectiveness of mosquito control and disease transmission
Kongmee et al., 2004). Therefore, other effects of deltamethrin
hould be evaluated to understand mosquito biology, including the
ehavioral effects of insecticide exposure.

The metabolism of xenobiotics is one of the main detoxification
echanisms of pesticides in insects. Several insect tissues and cells

re involved in the detoxification processes, including the integu-
ent, midgut, fat bodies, and oenocytes. Oenocytes are cells of

ctodermal origin that are allegedly involved in insect protection
gainst insecticides (Clark and Dahm, 1973; Lycett et al., 2006).
herefore, as detoxification enzymes present on oenocytes are
otentially induced by chemical stress, these cells are a promising
arget to elucidate insecticide action and insect response to insec-
icide exposure. Herein we report on a comparative study of two
opulations (one susceptible and the other resistant to pyrethroids)
f the yellow fever mosquito A. aegypti. The goals of our study were
o determine their survival, larval behavior, and (pupal) oenocyte

orphology following exposure to various sublethal concentra-
ions of deltamethrin.

. Material and methods

.1. Mosquitoes

Fourth instar larvae (L4) and pupae of A. aegypti were obtained

rom two different strains: the pyrethroid-susceptible PPCampos
train (Campos dos Goytacazes), and the pyrethroid-resistant F2
iapoque strain (Rio de Janeiro). Mosquitoes were maintained

n the insectary of the Department of General Biology, Federal
(B)  strains subjected to increasing sublethal concentrations of the pyrethroid insec-
ticide deltamethrin. Survival curves of different colors different by Holm-Sidakı́s
test (P > 0.05).

University of Viç osa (Viç osa, MG,  Brazil) under controlled tem-
perature (25 ± 2 ◦C), relative humidity (60 ± 2%), and photoperiod
(12:12 L:D).

2.2. Survival

One hundred L4 of both populations were maintained in 500-
mL glass containers with 200 mL  of water and 5 mg  of turtle
food (ReptoLife) and were subjected to different concentrations
of deltamethrin (0.001, 0.003, 0.005, and 0.007 ppm). The con-
trol group underwent the same treatment, except for exposure to
the insecticide. Deltamethrin (25 g ia L−1 emulsifiable concentrate,
Bayer CropScience, São Paulo, SP, Brazil) was  diluted with distilled
water to obtain the desired concentrations. After exposure, the lar-
vae were kept in the same environment, monitored, and evaluated
until emergence of all adults 12 days following exposure. The sur-
vival curves were estimated by the Kaplan-Meyer design using the
software SigmaPlot v. 12.0 (Systat, Jan Jose, CA, US).

2.3. Swimming behavior
For the behavioral assays, six independent replicates were
performed as follows: six glass vials containing 25 L4 of both
strains – pyrethroid susceptible and resistant – were exposed to
0.003 and 0.005-ppm of the pyrethroid insecticide deltamethrin.
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Fig. 2. Linear regressions illustrating the variation of pixels over time in susceptible
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unexposed individuals of the resistant strain had a constant survival
A) and resistant (B) L4 Aedes aegypti at 1, 3, 5, 7, 9, and 24 h after the exposure to
.003 or 0.005 ppm deltamethrin.

nexposed individuals of the two strains were used as separate
ontrols. Exposed and unexposed individuals were monitored at
ifferent time intervals (1 h, 3 h, 5 h, 7 h, 9 h, and 24 h after insec-
icide exposure). L4 were transferred briefly to arenas consisting
f Petri dishes placed on a white surface and containing 20 mL  of
istilled water. After each recording, larvae were returned to their
espective vials (Tomé et al., 2014).

The locomotion activity of the larvae in the arena was  recorded
or 15 min  by an automated video monitoring system equipped
ith a CCD camera (ViewPoint Life Sciences Inc., Montreal, Canada)

onnected to a computer. The recorded parameter in each arena
as the level of activity, measured in pixels. For each replicate,

he control and treatment groups were randomly placed and inter-
persed in four different positions to prevent any possible position
ffects, for example, subtle differences in light intensity or temper-
ture gradient (Tomé et al., 2014).

.4. Oenocytes

Oenocytes were dissected from pupae of the two  strains (treat-
ent and control) whose L4 were previously treated with 0.003 and

.005 ppm deltamethrin. To obtain large amounts of cells, oeno-
ytes were dissected from pupae 48 h after insecticide exposure.
t this stage, the oenocytes are loosely clustered cells that have
ot yet spread within the fat body, making them easier to isolate
Martins et al., 2011c). With the aid of a stereoscope microscope,

upae were dissected on glass slides in phosphate buffer (PBS 0.1 M,
H 7.2). The clusters of oenocytes were collected with the aid of a
icropipette (1–10 �L) and fixed (Martins et al., 2011c).
ica 158 (2016) 88–96

2.5. Transmission electron microscopy (TEM)

Dissected oenocytes (treatment and control) were transferred
to microcentrifuge tubes containing 1 mL  of 2.5% glutaraldehyde in
2% sucrose and 0.1 M cacodylate buffer pH 7.2 for at least 2 h. After
fixation, cells were washed three times in PBS, and post-fixed in 1%
osmium tetroxide for 2 h in the dark. The cells were then placed
in LRWhite resin (London Resin Company Ltd.) in gelatin cap-
sules. Before each solution exchange, the microtubes containing the
oenocytes were subjected to a short spin (up to 5000 rpm) to obtain
pellets (Martins et al., 2011c). Ultrathin sections were stained with
uranyl acetate and lead citrate for 15 and 8 min, respectively. The
material was analyzed under the TEM Zeiss EM109 at the Núcleo
de Microscopia e Microanálise at Universidade Federal de Viç osa
(NMM/UFV), or at the Plataforma de Microscopia Eletrônica Rudolf
Barth do Instituto Oswaldo Cruz (FIOCRUZ, RJ) under the TEM JEOL-
JEM-1011.

2.6. TUNEL reaction

Oenocytes were dissected and transferred to previously cleaned
glass slides and allowed to rest for 30 min  for cell adhesion at room
temperature. Adherent cells were fixed with 4% paraformalde-
hyde (pH 7.4) for 30 min, washed three times with PBS, and
stored in distilled water at 4 ◦C (Martins et al., 2011c). For the
detection of cleavage of the nuclear DNA, fixed oenocytes were sub-
jected to TUNEL (the terminal deoxynucleotidyl transferase dUTP
nick end labeling) reaction for 1 h at 37 ◦C using the kit In Situ
Cell Death Fluorescein (Roche Molecular Biochemicals, Mannheim,
Germany) according to the manufacturer’s instructions. The slides
with adhered cells were mounted in Mowiol antifading medium
(Fluka, Steinheim, Germany), analyzed, and photographed using
the fluorescence microscope Zeiss plus Axiostar with CCD cam-
era AxioCam MRM  at NMM/UFV. For the negative control for the
TUNEL reaction, one slide with oenocytes of each experimental
group (total of 4) was  incubated without the transferase enzyme.

2.7. Statistical analyses

Larval activity data of the two  strains were subjected to
repeated measure analyses of variance to determine the effects
of deltamethrin concentrations. Differences were evaluated by
Fisher’s exact test (PROC ANOVA; SAS Institute, 2008). Survival
curves were compared using the Holm-Sidak’s test using SigmaPlot.

3. Results

3.1. Survival

The survival of A. aegypti was recorded for susceptible and resis-
tant strains subjected to different concentrations of deltamethrin
(0.001, 0.003, 0.005, and 0.007 ppm). According to Kaplan-Meyer
estimators, the survival of the susceptible strain differed sig-
nificantly among the tested concentrations (�2 = 301.97, df = 4;
P < 0.001) (Fig. 1). For the susceptible strain, 100% of exposed lar-
vae died at 0.007-ppm deltamethrin by seven days after exposure.
Thus, 0.007 ppm is a lethal concentration and prevents the insecti-
cide susceptible larvae from reaching the adult stage. For the other
concentrations, the insecticide-susceptible individuals exhibited
different survival rates (Fig. 1A).

The resistant strain responded differently to the deltamethrin
than did the susceptible strain. Both deltamethrin-exposed and -
rate of 100%, being unaffected by the four concentrations (�2 = 3.78,
df = 4; P = 0.43) (Fig. 1B). Deltamethrin concentrations of 0.003 ppm
and 0.005 ppm were chosen for subsequent sublethal assessments
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f behavior and pupal oenocytes of A. aegypti because they led to
he average and highest mortality values obtained, respectively.

.2. Swimming behavior

Behavior of insecticide-susceptible and resistant L4 was
ecorded at 1, 3, 5, 7, 9, and 24 h after deltamethrin exposure.
epeated measures performed for locomotor activity of L4 indi-
ated significant differences between treatments and controls
control vs. deltamethrin concentrations: F2,15 = 125.54, P < 0.0001),
ime after exposure (Wilk’s � > 0.11; F > 16.69; df num/den = 5/11;

 < 0.0001), and interactions between sources of variation (Wilk’s
 > 0.05; F > 7.36; df num/den = 10/22; P < 0.0001) for the suscepti-
le strain. Repeated measures analyses also indicated significant
ifferences between treatments (control vs. deltamethrin con-
entrations: F2,15 > 17.28, P < 0.0001), time after exposure (Wilk’s

 > 0.33; F > 4.32; df num/den = 5/11; P = 0.02), and interaction
etween the sources of variation (Wilk’s � > 0.08; F > 5.33; df
um/den = 10/22; P = 0.0005) for the resistant strain.

For both insecticide-susceptible and resistant strains, linear
egressions were not significant (P > 0.005); therefore, there was
o time-dependent variation in locomotor activity for exposed and
nexposed individuals. Although there was no variation over time,
he activity (measured in pixels) of susceptible L4 was lower in
he deltamethrin-exposed insects than in the unexposed insects
Fig. 2A). In resistant L4, hyperexcitation was observed 24 h after
xposure with 0.005 ppm deltamethrin in comparison to the con-
rol. On the other hand, resistant L4 treated with 0.003 ppm showed

 decrease in activity (Fig. 2B). Apparently, the unexposed indi-
iduals of the resistant strain exhibit higher activity than do
he susceptible individuals. However, when the experiment was
epeated for the same parameters to compare the susceptible and
esistant controls, there were no significant differences between
heir activity levels.

.3. Cell damage

There were very few oenocytes positive (∼1.5% of cells) for the
UNEL reaction in either susceptible (Fig. 3A–F) or resistant indi-
iduals (Fig. 3G–L). Approximately 600 cells were analyzed for each
train, and there were no differences regarding positive cells (with

 green fluorescent nucleus) of L4 treated with the concentrations
f 0.003 ppm or 0.005 ppm.

.4. Transmission electron microscopy

Pupal oenocytes of susceptible or resistant individuals exhib-
ted no changes in their ultrastructure compared to their respective
nexposed controls (Figs. 4 and 5). These cells had extensive mem-
rane invaginations (Figs. 4 A, 5 B) and electron-dense cytoplasm,
ith lipid droplets in the cytoplasm and mitochondria (Figs. 4 A–F

nd 5 A–F). Oenocytes have the characteristics of a metabolically
ctive cell, with a central nucleus and a well-developed nucleolus,
nd predominant non-condensed chromatin (Figs. 4 B,C,F, and 5
,C,F). Some treated cells (at 0.005 ppm deltamethrin) of the two
trains had damaged mitochondria (Figs. 4 H and 5 H) and nuclei
Fig. 4G). In these cases, the complete disorganization of the nuclear
hromatin and membrane was observed, and there were changes
n the morphology of mitochondrial cristae (Figs. 4 G–H; 5 H).

. Discussion
The high mortality of susceptible A. aegypti L4 after deltamethrin
xposure at different concentrations is in accordance with the
bservations of Tomé et al. (2014), who showed the lethal effects
f deltamethrin in the same population and stage, suggesting
ica 158 (2016) 88–96 91

that this insecticide can be very toxic to the mosquito larvae.
In general, despite the potentially low pyrethroid penetration
through the larval integument, the pyrethroid could be quickly
absorbed via the digestive tract after ingestion or via the respira-
tory tract (Soderlund et al., 2002). After absorption, the insecticide
caused immediate paralysis and mortality (knock down) (Santos
et al., 2007). Unlike susceptible individuals, all of the resistant-
individuals exposed reached the adult stage. The deltamethrin is
effective and broadly recommended as adulticide in the control of A.
aegypti (WHO, 2005; Kumar et al., 2011). However, this pyrethroid
insecticide is also effective as a larvicide with reported effects on
mosquito development and behavior (e.g., Gayathri and Murthy,
2006; Perera et al., 2008; Tomé et al., 2014). Although we  did
not identify the mechanism involved in mosquito resistance, it
has been broadly confirmed that resistance in A. aegypti popula-
tions may  be associated with mutations in sodium channels or by
enhanced detoxification of xenobiotics (Kumar et al., 2002; Martins
et al., 2009; Montella et al., 2007; Rodríguez et al., 2005; Saavedra-
Rodriguez et al., 2007).

The exposure of susceptible A. aegypti L4 to 0.003 or 0.005 ppm
deltamethrin led to reduced locomotor activities when compared
with those of the unexposed controls. This lethargic effect was
probably associated with the neurotoxic mechanism of action of
pyrethroids (Narahashi, 1996; Ray and Fry, 2006). The lethargic L4
had difficulty in swimming, which in turn could lead to the impair-
ment of their foraging activity. In addition, because of the difficulty
in swimming and moving, L4 may  be more frequently attacked by
predators and would have difficulty in searching for refuge, thereby
decreasing their chances of survival (Brackenbury, 2001; Janssens
and Stoks, 2012). For example, it was  observed that the pyrethroid
treatment of Culex pipiens molestus larvae compromised their alarm
response to predators, increasing the likelihood of larval mortality
caused by predation (Reynaldi et al., 2011).

The behavior responses related to the pyrethroid resistant
strain of A. aegypti differed from those observed in the susceptible
strain. The resistant L4 exposed to 0.003 ppm deltamethrin exhib-
ited reduced locomotor activity when compared to the respective
control; however, they did not demonstrate the lethargic effect
observed in susceptible L4. Moreover, resistant L4 exhibited hyper-
excitability when compared with the control 24 h after exposure to
0.005 ppm deltamethrin. In addition to acting on the sodium chan-
nels of nerve cells, the type II pyrethroids, such as deltamethrin,
may  also interact with the �-aminobutyric acid (GABA) recep-
tors, an important inhibitory neurotransmitter in the central
nervous system, as observed in Anopheles gambiae adults treated
with deltamethrin (Bradberry et al., 2005; Santos et al., 2007;
Taylor-Wells et al., 2015; Velisek et al., 2006). GABA leads to hyper-
polarization of the post-synaptic terminal, and hyperexcitation in
resistant L4 probably may  be a consequence of the blockage of GABA
receptors by deltamethrin (Macdonald and Olsen, 1994).

Not surprisingly, the negative effects of exposure to
deltamethrin were more evident for the susceptible individuals of
A. aegypti, once the insecticide impaired swimming movements
of the L4. On the other hand, in the resistant individuals, the
treatment led to hyperexcitability, which apparently did not have
significant negative implications because all of the exposed L4
were moving normally, with no difficulty swimming or foraging.

The A. aegypti oenocytes allegedly participate in the detoxifi-
cation of exogenous molecules by expressing protein transcripts
of the cytochrome P450 superfamily (over 8%) (Martins et al.,
2011a) or by the superexpression of cytochrome P450 reductase
enzyme in A. gambiae and Drosophila melanogaster (Lycett et al.,

2006). Our work focused on the analysis of possible side effects
of deltamethrin in the oenocytes caused by their alleged role in
xenobiotic detoxification (Martins et al., 2011a; Lycett et al., 2006).
However, no significant cell damage was  detected using the TUNEL
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Fig. 3. Pupal oenocytes of A. aegypti deltamethrin susceptible (A–F) and resistant (G–L) strains subjected to TUNEL reaction: (A, B, G, and H): clusters of oenocytes (oe)
o : clust
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f  control (unexposed individuals) with no nuclear fluorescence (*). (C, D, J, and I)
f  oenocytes from treated individuals with 0.005 ppm deltamethrin. The nucleus
ars  = 20 �m.

ssay and TEM analysis. There were few TUNEL-positive cells in
he pupae of susceptible and in the resistant individuals in compari-
on to their respective unexposed controls. Oenocyte ultrastructure
emained unaltered in exposed individuals of the two strains
ompared with unexposed controls. Even in exposed individuals,
he cells maintained their original characteristics and preserved

etabolically active cells with the cytoplasm filled with translucent
esicles, which correspond to the accumulation of lipids (Gutierrez
t al., 2007) and invaginations of the plasma membrane, which
re responsible for the increase of the cell surface (Martins et al.,
011a,b).

To obtain a larger amount of oenocytes, the cells were dissected
rom pupae, where they were grouped, more conspicuous, and
ither loosely integrated or not integrated into fat body (Martins
t al., 2011c). The deltamethrin exposure started at L4, and the

ndividuals were continuously exposed to insecticide until pupa-
ion and dissection of oenocytes. It was not possible to search
or any deltamethrin effect on larval oenocytes because they
ers of oenocytes after 0.003 ppm deltamethrin treatment. (E, F, K, and L): clusters
nocytes with DNA damage (arrows) are green-fluorescent. Arrows indicate cells.

disappear during pupation. Therefore, any eventual indirect effect
on oenocytes formation should appear later, once oenocyte differ-
entiation occurs de novo during pupation (Wigglesworth, 1933).
Deltamethrin exposure appears to affect cells differently. In this
case, different targets (oenocytes or the nervous system) were
not affected in the same way. Contrary to the expected results,
deltamethrin exposure did not lead to oenocyte death in the sus-
ceptible strain, or even altered oenocyte ultrastructure, indicating
that cell integrity is not related to insecticide resistance. Further-
more, serious impairment was observed of motor activities of the
susceptible strain and hyperexcitation in resistant L4 treated with
0.005 ppm deltamethrin.

5. Conclusion
Deltamethrin damage to DNA integrity and oenocyte ultrastruc-
ture was  very limited in the immature larva of both susceptible and
resistant strains of A. aegypti. This confirmed that there were no
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Fig. 4. Transmission electron micrographs of pupal oenocytes of A. aegypti of the insecticide-susceptible strain. (A and B): Oenocytes (e) of the control (unexposed individuals).
(C,  D, and E): oenocytes of individuals exposed to 0.003 ppm deltamethrin. (F, G, and H): oenocytes of individuals exposed to 0.005 ppm deltamethrin. (A): Four grouped
oenocytes with membrane invaginations (in). (I): intercellular space. (B, C, and F): General view of oenocytes with no sign of cell damage with a large nucleus (n) with
non-condensed chromatin (nc), a translucent cytoplasm filled with vesicles resembling lipid droplets (L), and mitochondria (M). (D): Details of intact mitochondria in a cell
of  an individual exposed to 0.003 ppm deltamethrin. Arrows indicate the rough endoplasmic reticulum. (E): cell cortex with membrane invaginations (in). (G–H): Abnormal
nucleus (n) and mitochondrion (m)  in cells of treated individuals with 0.005 ppm deltamethrin. Note the changes in the patterns of chromatin and nuclear membrane and
mitochondrial crests.
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Fig. 5. Transmission electron micrographs of pupal oenocytes of the insecticide-resistant strains of A. aegypti. (A and B): oenocytes (e) of control (unexposed group). (C, D,
and  E): oenocytes of an individual exposed to 0.003 ppm deltamethrin. (F, G, and H): oenocytes of an individual exposed to 0.005 ppm deltamethrin. (A, C, and F): General
view  of oenocytes with no sign of cell damage with a large nucleus (n) with non-condensed chromatin (nc), a translucent cytoplasm filled with vesicles resembling lipid
droplets (L), and mitochondria (M). (B): Invaginations (in) of the cell membrane. (D): mitochondria of intact cells of an individual exposed to 0.003 ppm deltamethrin. (E):
Lipid  droplets (L). (G): mitochondria in intact cells of an individual exposed to 0.005 ppm. (H): Abnormal mitochondria (m)  with abnormal crests in a cell of an individual
exposed to 0.005 ppm deltamethrin.
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