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Abstract Diflubenzuron (DFB) is a larvicide widely
used to control Aedes aegypti populations as an alterna-
tive to organophosphates (OPs), with a specific mecha-
nism of action for insects by inhibiting their chitin syn-
thesis. However, DFB is used extensively in urban and
rural environments, having the aquatic environment as
the major receptor. Thus, the present study aimed to
investigate the toxicity of DFB-based formulation and
compare it with the toxicity of the OP temephos (TMP)-
based formulation, a larvicide still used to control
A. aegypti, on freshwater fishes Oreochromis niloticus
and Hyphessobrycon eques. Organisms were submitted
to acute (48 h) and prolonged (7 days) exposures, in the
presence and absence of organic sediment, seeking in-
teractions between chemical and sediment. Histopatho-
logical analyses were performed on O. niloticus gills and
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liver. According to 48-h median lethal concentration
(LCs0), DFB- and TMP-based formulations were classi-
fied as harmful and toxic to fish, respectively, following
the Globally Harmonized System of Classification
(GHS). After prolonged exposure to sublethal concen-
trations, DFB-based formulation decreased H. eques
body weight at concentrations 272-fold lower than its
LCsp. Ultrastructural responses of O. niloticus indicated
edemas and aneurisms on gills, and hepatocyte hyper-
trophy and vascular congestion of the liver. TMP-based
formulation also induced pyknotic nuclei, which may
lead to irreversible necrosis. The addition of organic
sediment did not alter the larvicide toxicity, suggesting
that larvicides remained available to the organisms. Al-
together, these results suggest that as an insect-specific
pesticide, DFB still induces mortality and tissue damage
in fishes; thus, both larvicides pose risks to fishes.

Keywords Larvicides - Aedes aegypti - Mortality -
Tissue damage

1 Introduction

Aedes aegypti (Diptera, Culicidae) is a mosquito wide-
spread in the world, particularly in tropical and subtrop-
ical regions. This species plays an important role as the
main vector for the transmission of dengue disease, in
addition to the transmission of chikungunya, yellow
fever, and Zika infection, and such epidemic diseases
have rapidly spread worldwide. In a recent report, the
World Health Organization estimated 390 million cases
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of dengue infection yearly (WHO 2018). The global
concern has drastically increased the use of insecticides
to control the A. aegypti population and interrupt the
virus transmission. Brazil, the largest country in South
America with a predominant tropical area, faces a dra-
matic incidence of dengue, with more than 265,000
probable cases of infection reported in 2018 (Brazil
2019).

The organophosphate (OP) insecticides temephos
(TMP) and malathion, for instance, are widely used in
urban and domestic areas for A. aegypti control; how-
ever, there is a decreasing trend in OP usage due to their
mechanism of action on the cholinesterase system
(USEPA 2000, 2017). It results in the loss of available
acetylcholinesterase enzyme (AChE) so that the effector
organ becomes overstimulated by the excess of the
neurotransmitter acetylcholine (ACh) in the nerve end-
ing, and consequently causing random synapses, muscle
spasms, paralysis, and death (Fukuto 1990).

The non-specific mechanism of action of the OPs on
insects (Lim and Bolstad, 2018), in addition to the
increasing resistance of the vector to OPs (Grisales
et al. 2013; Bellinato et al. 2016; Viana-Medeiros et al.
2017; Goindin et al. 2017), have stimulated the search
for insecticide classes with mechanisms of action more
selective to insects (Mulla 1995). Insect growth regula-
tors (IGR) have been shown to be a promising alterna-
tive due to their specific mechanism of action on insects
and their potential low toxicity to non-target organisms.
Diflubenzuron (DFB) is an IGR belonging to the class
of the benzoylphenylurea exhibiting the intoxication
mechanism by inhibiting chitin synthesis, thus
preventing insect molting (Sanchez-Bayo 2011). This
pathway is present in insects and crustaceans, although
some studies have shown that DFB can also affect
fishes’ (Souza et al. 2011; Zaidi and Soltani 2011;
Olsvik et al. 2013) and mammals’ health (Barros et al.
2014). However, studies designed to evaluate environ-
mental concentrations of DFB and TMP in aquatic
ecosystems are out of date and limited to aerial applica-
tion in agriculture, marshes, and forest sites (Lores et al.
1985; Fischer and Hall 1992; Molina et al. 1995; Pierce
et al. 2000).

Once the extensive use of larvicides becomes envi-
ronmentally unsafe to aquatic ecosystems through runoff
water from agricultural lands and urban areas or by direct
application, these larvicides provide risks of environ-
mental intoxication for several aquatic organisms (Hurst
et al. 2007, Guimaraes et al. 2007, Tilak and Kumari
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2009, Ba-Omar et al. 2011, Singh 2013, Olsvik et al.
2013 and so on). Regarding the studies investigating the
DFB and TMP effects to the aquatic environment, there
is a lack of information of their toxicological potential.
Considering the extensive use of these insecticides in
public health and agriculture and the risk posed to non-
target organisms, the present work aimed to investigate
and compare the toxicity of DFB and TMP to the fishes
Oreochromis niloticus and Hyphessobrycon eques after
short (48 h) and prolonged (7 days) exposure. We also
investigated whether the presence of organic sediment
would change the toxicity of larvicides to the fishes. The
endpoints assessed were lethality and sublethality, using
histopathological analyses of gills, once the contact be-
tween contaminants and gills can alter their filaments
and respiratory lamellae (Guimardes et al. 2007; Ba-
Omar et al. 2011), and livers, as the main site of
metabolization and biotransformation of xenobiotics
(Singh 2013).

2 Materials and Methods
2.1 Chemicals

The commercial formulations of DFB (CAS no. 35367-
38-5, wettable powder formulation Champion® 25%
active ingredient (a.i.), Champion Farmoquimico Ltda,
Brazil) and TMP (CAS no. 3383-96-8, sand granule
formulation Fersol® 1% a.i., Fersol Industria e
Comércio S/A, Brazil), were kindly provided by the
Ministry of Health of Brazil. Stock solutions of
diflubenzuron were prepared in distilled water followed
by successive dilutions in dechlorinated tap water for
nominal exposure concentrations. Temephos was direct-
ly weighted and diluted in dechlorinated tap water for
each nominal exposure concentration. Additional prop-
erty information of the active ingredients are shown in
Table 1.

2.2 Organic Sediment

Organic sediment was collected from the topsoil in a
natural area that had never received pesticide application
and had not been subject of residues from human activ-
ities. The sediment was sieved and the chemical and
textural compositions are shown in Table 2.
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Table 1 Properties of diflubenzuron and temephos (adapted from
Lewis et al. 2016)

Properties Diflubenzuron Temephos
Log kow (pH 7, 20 °C) 3.89 495
Y life in water (pH 7)
Hydrolysis 96 day 10 day
Photolysis 80 day 2 day
Y life in soil (20 °C) 3.2 day 30 day

2.3 Test Organisms

Organisms used in the subsequent tests were O. niloticus
fingerlings (average weight of 2 g+0.5) and H. eques
adults (average weight of 0.9 g+ 0.1), obtained from the
Aquaculture Center of the Sdo Paulo State University
(CAUNESP) (Jaboticabal, Brazil). Homogeneous
batches of fishes were transferred to the Laboratory of
Ecotoxicology and Occupational Health of the Sao Paulo
State University (UNESP) (Jaboticabal, Brazil) and ac-
climated for 10 days in a 250-L water tank. Fishes were
fed daily with commercial feed (Polinutri®, crude pro-
tein 32%). The oxygenation and water renewal were kept
constant and debris were removed daily. Acclimated
laboratory conditions were maintained constant along
all tests (27 +2 °C, 16/8 h of light/dark photoperiod).

2.4 Toxicity Tests

Tests were performed according to the OECD guideline
203 ( 1992) to fish acute toxicity test, with adaptations to
acute (48-h) and prolonged (7-day) exposure. Based on
preliminary tests (data not shown), we exposed
O. niloticus fingerlings and H. eques adults to a gradient
of concentrations of DFB and TMP formulations
(Table 3). Dechlorinated tap water was used as negative
control.

In short, after a 15-d acclimation period in 500-L
tanks, fishes were randomly selected for larvicidal ex-
posures in the presence and absence of sediment. Fishes
were distributed into glass aquariums filled with 2 L
dechlorinated tap water, and let them re-acclimate dur-
ing 24 h. Thereafter, larvicides were carefully added into
the aquariums to 3 L final volume of test solutions. In
tests with sediment, before the tests begin, 900 g of dry
sediment were added into aquariums filled with 2 L
dechlorinated tap water and allowed to decant during
24 h. Thereafter, tests were carried out as described

Table 2 Physical and chemical analyses of the organic sediment

Chemical composition Physical composition

pH (CaCl,) 53 Clay (g/kg) 578
OM (g/dm) 12.0 Slime (g/kg) 200

P (mg/dm) 11.0 Fine sand (g/kg) 141

K (mmol./dm) 1.3 Coarse sand (g/kg) 81

Ca (mmol/dm) 19.0 Textural class clayey
Mg (mmol/dm) 9.0

H + Al (mmol./dm) 20.0

SB (mmol./dm) 29.3

T (mmol./dm) 49.3

V (%) 59.0

OM: organic matter, H + Al: hydrogen + aluminum, SB: sum of
bases, T: cation exchange capacity, V: percentage of base saturation

above. Tests were performed in a static system (no
solutions renewal).

The 48-h exposures of H. eques and O. niloticus were
carried out without feeding and mortality was recorded
daily. At the end of the exposure period, at least three
surviving O. niloticus per treatment and control were
euthanized by immersion bath with benzocaine (Sigma-
Aldrich) and gills and livers were collected for histo-
pathological analysis. Tests were performed in three
independent replicates, each replicate consisting of 3
glass aquariums containing 3 fishes each (n =9 organ-
isms x 3 replicates).

The 7-day exposures of H. eques were carried out
with constant oxygenation; fishes were fed every 2 days,
followed by debris siphoning, and mortality recorded.
The organisms were weighed before starting the tests
and at the end, and fish body weight was evaluated by
subtracting the final weight from the initial weight. Tests
were performed in three independent replicates, each
replicate consisting of 5 glass aquariums containing 5
fishes each for the 7-day exposure (n = 15 organisms X 3
replicates).

During the experiments, the abiotic parameters (tem-
perature, conductivity, dissolved oxygen, and pH) were
continuously monitored (data not shown).

2.5 Tissue Collection and Processing
After collection, gills and livers of O. niloticus were
immediately fixed in formaldehyde 10% buffered (PBS

buffer, 0.1 M, pH 7.2). After 24 h, tissue samples were
washed in PBS buffer and submitted to dehydration in
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Table 3 Exposure concentrations of diflubenzuron and temephos-based formulations (mg active ingredient/L) used in 48-h and 7-d toxicity

tests

Hyphessobrycon eques

Oreochromis niloticus

Acute Prolonged

Acute Prolonged

Diflubenzuron
No sediment
With sediment

Temephos

1,5,10, 12, 14, 16
2,6,11,13, 15,17

No sediment
With sediment

5,7,9,11,13, 15
5, 10, 15, 20, 25, 30

0.02, 0.04, 0.20, 0.40
0.05, 0.09, 0.50, 0.90

0.08, 0.16, 0.80, 1.60
0.06, 0.13, 0.65, 1.30

0.07,0.13,0.67, 1.34
0.08, 0.15, 1.22, 4.40

1,3,5,10, 14, 16
2,5,12,18,22,31

5,10, 15, 20, 25, 30
5,10, 15, 20, 25, 30

0.07, 0.10, 0.50, 1.00
0.08, 0.10, 1.50, 3.00

graded ethanol series, diaphanization, and inclusion in
Histosec® (Merck, Germany). Semi-thin sections
(4.0 um) were obtained by automatic microtome
(Leica, RM-2155) and stained with hematoxylin-eosin
(H.E.), following the method described by Carraschi
et al. (2012). Slides with gill and liver tissues were
analyzed and photographed under a light microscope
(Leica 5000MB coupled with camera DP10).

2.6 Data Analysis

GraphPad Prism 5.01 software (GraphPad Software,
San Diego, California, USA) was used for statistical
analysis. One-way ANOVA was applied with a signifi-
cant level of 5% and Dunnett’s test was used to compare
differences between controls and treatments and deter-
mined the lowest observed effect concentration (LOEC)
values. The median lethal concentration (LCsq) and
confidence intervals (upper and lower limits, respective-
ly UL and LL) were calculated by the trimmed
Spearman-Karber method (Hamilton et al. 1977). In
addition, the potential aquatic toxicity classification of
DFB- and TMP-based formulations was determined
according to the criteria of the Globally Harmonized
System of Classification guidance on hazards to the
aquatic environment (GHS 2017).

3 Results and Discussion
3.1 Toxicity Tests
In the present study, the larvicide DFB- and TMP-based

formulations were individually evaluated on two fresh-
water fishes H. eques and O. niloticus in the presence
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and absence of sediment. Both larvicides induced fish
mortality after acute exposure in a dose-dependent man-
ner (suppl. data), and the TMP-based formulation was
slightly more toxic than the DFB-based formulation to
both fish species. The LCsq of the TMP-based formula-
tion was in the range of 5-7 mg a.i./L, and the LCs, of
the DFB-based formulation was at 10-12 mg a.i./L
(Table 4).

The presence of organic sediment did not significant-
ly alter the lethal toxicity of both larvicide formulations
to the fishes (Table 4). Despite the hydrophobicity of
DFB and TMP molecules, which would allow them to
be easily adsorbed in sediment due to their high adsorp-
tion coefficient (Swann et al. 1983), our results indicated
that DFB- and TMP-based formulations were not sig-
nificantly absorbed in order to decrease the toxicity to
the tested organisms, suggesting a similar bioavailability
between the toxicity tests with and without sediment.

Comparing our results of acute toxicity with data
from literature, we found several ranges of toxicity of
inhibitors of chitin synthesis-based pesticides (Souza
et al. 2011; Medeiros et al. 2013) and OP-based pesti-
cides (Selvi et al. 2005, Zhang et al. 2010, Uner et al.
2010, Ba-Omar et al. 2011, Kavitha and Rao 2009, Patil
and David 2010, Singh et al. 2018) to fishes (Table 5).
Data summarized by Fischer and Hall (1992) showed
that DFB 96-h LCs for fish species ranged from 40 to
660 mg/L after exposure to 25%-WP formulation.
Souza et al. (2011) also reported the 96-h LCs, of
DFB-based formulation Dimilin® of 151.98 mg/L to
fish Poecilia reticulata. Aquatic invertebrates showed to
be hundred times more susceptible to DFB than fishes
during acute exposures. The 48-h LCsy DFB reported
for D. magna ranges from 0.06 to 16 pg/L, categorizing
the larvicide as extremely toxic to the species due to the
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Table 4 Estimated LOEC (+ standard deviation) and LCs, (confidence interval) values for diflubenzuron- and temephos-based formula-

tions (mg active ingredient/L) after fish exposure for 48 h and 7 days

Hyphessobrycon eques

Oreochromis niloticus

48 h—LCsg 48 h—LOEC 7 days—LOEC 48 h—LCsg 48 h—LOEC
Diflubenzuron
No sediment 10.91 (8.52-13.69) 50+£1.0 0.04+0.33 10.04 (7.37-11.56) 50£2.1
With sediment 11.51 (7.68-16.42) 6.0+ 1.5 0.09+0.19 15.43 (7.50-10.94) 50+1.0
GHS risk Harmful Very toxic Harmful
Temephos
No sediment 7.30 (6.77-7.88) 7+2.6 1.6+2.5 7.11 (4.87-11.55) 10+£1.5
With sediment 9.99 (8.37-11.92) 10 £3.5 13+1.7 5.82 (4.73-7.15) 10 £ 0.9
GHS risk Toxic - Toxic

GHS risk was determined according to the criteria of the Globally Harmonized Classification System guidance on hazards to the aquatic
environment (GHS 2017). 48-h—LOEC obtained from mortality. 7-day—LOEC obtained from mortality to temephos and body weight loss
to diflubenzuron-based formulations. “—” Temephos-based formulation was not classified by GHS in 7-day exposure due to mortality

mechanism of DFB toxicity of disruption of chitin for-
mation (Fischer and Hall 1992; EPA 1997; Souza et al.
2011; Abe et al. 2014). Based on our results of the acute
toxicity for fish, TMP-based formulation is classified as
toxic to aquatic life (1 <LCsy<10 mg/L) and DFB-
based formulation as harmful to aquatic life (10<
LCs50< 100 mg/L), according to the GHS guidance on
hazards to the aquatic environment (GHS 2017).

The variety in the toxicity of larvicides reported in
the literature to fish species has also been linked to
different formulations of pesticides, which plays a
role for the toxicity characterization (Mesnage et al.
2015; Cruz et al. 2016). The presence of adjuvants,
for example, would enable and enhance the pesticide
activity, despite that they are considered inert dilu-
ents (Mesnage et al. 2015). Thus, the knowledge
about the formulation toxicity is fundamental for
decision-making, concerning the monitoring of pos-
sible environmental effects. Our experiments were
conducted to estimate the effects of formulated prod-
uct as encountered in reality, and not the technical-
grade larvicides.

DFB-based formulation also decreased the body
weight of H. eques after 7-day exposure (Fig. 1). The
LOEC values for body weight loss were in the range of
40-90 pg a.i/L (Tables 3 and 4), weighing about 60 up
to 80% less than fishes from the control group. This
concentration range is up to 6.25-fold lower than the
maximum concentration of DFB recommended by the
Ministry of Health of Brazil to control A. aegypti larvae
in urban areas. To date, there is a lack of information on

the residual amount of DFB reaching the aquatic envi-
ronment. Once the intensive use DFB-based formula-
tions to control A. aegypti populations has extensively
increased, it might reach the aquatic environment main-
ly through runoff water from urban areas or direct ap-
plication on water, which becomes environmentally un-
safe to aquatic ecosystems. According to the GHS guid-
ance of classification of hazards to the aquatic environ-
ment (GHS 2017), DFB-based formulation is very toxic
to H. eques (LOEC <0.1 mg/L) with long-lasting effects
(Table 3). Fishes Gambusia affinis exposed during
28 days to lower concentrations of DFB-based formu-
lation (16—72 ng a.i./L, WP formulation Dimilin® 25%
a.i.) did not change length and body weight (Zaidi and
Soltani 2011), showing that lower concentrations of
DFB could not pose a concern to the fish species.

In contrast, some fishes exposed to low concentra-
tions of TMP-based formulation during 7 days died until
the end of the test, precluding the body weight measure-
ment (Fig. 1), and the GHS classification for prolonged
exposure to aquatic life. The LOEC values to mortality
were in the range of 1.3—1.6 mg a.i/L for H. eques
(Tables 3 and 4), up to 30% higher than the maximum
concentration of TMP recommended by the Ministry of
Health of Brazil to control A. aegypti larvae in urban
areas. Other studies have reported that low concentra-
tions of different TMP-based formulations (Abate 100E
10% a.i. and Abate® 50 EC 50% a.i.) also showed
sublethal effects, such as lamellar damage (1 mg a.i./L)
(Ba-Omar et al. 2011) and erratic swimming (0.33 mg
a.i./L) (Hurst et al. 2007).

@ Springer
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Table 5 One-way ANOVA results for H. eques and O. niloticus exposed to diflubenzuron- and temephos-based formulations after 48-h and

7-day exposure

Factor Diflubenzuron Temephos
F p value F p value
H. eques
Mortality
48 h Fig14y=52 p<0.001 F14y=16 »<0.001
48 h with sediment Feaay=13 »<0.001 Fea4=19 »<0.001
7 days - - Fu0=11 p=0.001
7 days with sediment - - Fu10=9.4 p=0.002
Body weight
7 days F4,40)=9.6 »<0.001 * *
7 days with sediment F4:40)=6.6 p=0.012 * *
O. niloticus
Mortality
48 h Fe14=20 »<0.001 Fe14y=39 »<0.001
48 h with sediment F6:14y=110 »<0.001 Fa4y=24 »<0.001

“~” No effect observed; * not determined due to high mortality

3.2 Histopathological Analyses

The effects of DFB- and TMP-based larvicide formula-
tions were evaluated on gills and livers of O. niloticus
after acute exposure in the absence of sediment, in order
to investigate lesions or alterations at the tissue level.
Both larvicides induced alterations in gill and liver cells,
but TMP were more aggressive to the liver tissue, lead-
ing to cell necrosis.

3.3 Gill Histopathology

Light micrographs of O. niloticus gills tissue are de-
scribed in Fig. 2. The histopathological analysis from
fishes of the control group showed an organized gill
tissue in arches supporting the primary lamellae. The
secondary lamellae originated from the primary showed
mucous and pillar cells supporting it, with interlamellar
spaces between them comprising chlorite and lining
cells. In fishes exposed to treatments from 3 mg a.i./L
of DFB and 10 mg a.i./L of TMP-based formulations,
gill tissue showed a breakdown of the epithelial cell
system, with edemas in the epithelial cells and blood
congestion (aneurism) inside the lamellae (Fig. 2 b—c). It
is worth pointing out that TMP-based formulation
caused significant mortality at this concentration
(10 mg a.i./L), whereas the DFB-based formulation
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induced mortality at concentrations 3-fold higher
(10 mg a.i./L) than concentrations able to induce such
histopathological changes in gills, showing an early
warning effect of its lethal toxicity.

Such histopathological events have previously been
reported in fish Aphanius dispar exposed to the com-
mercial TMP 50 EC (Abate® 4-E, 50% a.i.) at | mga.i./
L, aggravating at 5 mg a.i./L with hypertrophy and
lamellar fusion and at 25 mg a.i./L with cartilage de-
struction (Ba-Omar et al. 2011). Guimardes et al. (2007)
also reported edema in the secondary lamellae, lamellar
fusion, cell hypertrophy, and vascular congestion in
O. niloticus exposed to 0.25 mg a.i./L of the OP tri-
chlorfon. In the particular case of edemas, these events
might be associated with a physiological process in
response to toxicants that result in an enlargement of
the distance between blood and water, and may lead to
insufficient oxygen supply of the blood (Barillet et al.
2010). Tilak and Kumari (2009) have found a relation-
ship between the toxicity of the OP dichlorvos to fish
Ctenopharyngodon idella and the decrease of the oxy-
gen consumption, due to damages in the epithelium of
gill tissue and the depletion of gas exchange, causing a
disorder in the respiratory system.

Breakdown of pillar cells was also observed in fishes
exposed to 3 mg a.i./L of DFB-based formulation, alter-
ing the direction of the lamellae in relation to the water
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Fig.1 Effects of diflubenzuron (DFB) and temephos (TMP)-based
formulations on Hyphessobrycon eques after a 7-day exposure in
the presence (red bars) and absence (black bars) of sediment. a
Body weight loss (%) of H. eques exposed to DFB-based formu-
lation. b Mortality (%) of H. eques exposed to TMP-based formu-
lation. Values represented per mean + SEM (n =45 organisms per
treatment). The asterisk denotes Dunnett’s test, p < 0.05, for differ-
ences between exposed and control groups within each treatment

flow, which decreases the oxygen absorption (Fanta
et al. 2003). As a result of this event, aneurisms were
also observed (Fig. 2c). Gill aneurysm is a severe

pathology resulting from the collapse of the pillar cell
system and it can impair the vascular integrity and cause
disruptions of the lamellar epithelium and subsequent
hemorrhage (Hinton and Lauren 1990). A lamellar an-
eurysm is related to a serious and irreversible pathology
in fish gills (Nascimento et al. 2012).

3.4 Liver Histopathology

Light micrographs of O. niloticus liver tissues are de-
scribed in Fig. 3. The histopathological analysis from
fishes of the control group showed central veins that
branch out and originate from the blood vessels, respon-
sible for the irrigation of the whole organ, and capillary
sinusoids originated from the irrigation vessels. The
hepatocytes had a slightly hexagonal shape, with central
basophil nucleus and acidophil cytoplasm, organized
through the capillary sinusoids with cordonal aspect.
Within the hepatic tissue, hepatopancreatic exocrine
was also observed, bordering the central veins (Fig. 3a).

Histopathological changes in liver tissue of
O. niloticus exposed to 3 mg a.i./L of DFB and
5 mg a.i./L of TMP-based formulations included hepa-
tocyte hypertrophy with displacement of the nucleus to
the periphery of the cell, which occurs due to the in-
crease in the number of organelles, such as the smooth
endoplasmic reticulum and Golgi complex that are re-
sponsible for the metabolism of toxins (Ba-Omar et al.
2011; Carraschi et al. 2012). Fishes exposed to
10 mg a.i./L of DFB and 15 mg a.i./L of TMP-based
formulations also showed vascular congestion inside the

Fig. 2 Cross-sections of Oreochromis noliticus gills. a Control
group, CVS: central venous sinus, PL: primary lamellae, SL:
secondary lamellae, EC: epithelial cells, PC: pillar cells, BC: basal

cells. b and ¢ Diflubenzuron (3 mg a.i./L), ED: edema, AN:
aneurism. D: temephos (10 mg a.i./L), ED: edema (400x amplifi-
cation, color HE)
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Fig. 3 Cross sections of Oreochromis noliticus liver tissues. a
Control group, CV: central vein, arrow: hepatocytes. b
Diflubenzuron (10 mg a.i./L), asterisk: hypertrophy of the

sinusoid capillaries (Fig. 3 b, ¢), when fish mortality was
also significant.

These events, therefore, can be associated with de-
fense mechanisms against surrounding toxicants, since
the liver is the main site of detoxification process. The
alterations occurred in attempt to eliminate the insecti-
cide during the detoxification process. The capacity of
the fish liver to detoxify DFB has been previously re-
ported (Olsvik et al. 2013). Zaidi and Soltani (2011)
indeed reported that fishes Gambusia affinis exposed to
the commercial formulation of DFB Dimilin (25% a.i.
wettable powder) increased the activity of the detoxifi-
cation enzyme glutathione s-transferase in the liver at
78 ng a.i./L after 28 days of exposure, indicating that
DFB is metabolized and detoxified by liver cells. The OP
profenofos also increases the glutathione s-transferase
activity in Oreochromis mossambicus fish, and induces
the lipid peroxidation, suggesting that reactive oxygen
species-induced oxidative damage could be one of the
main toxic effects of the OP (Kavitha and Rao 2009).

In contrast to the reversible effects observed, TMP-
based formulation at 30 mg a.i./L induced pyknotic
nuclei, an extreme irreversible situation that organelles
do not support the amount of toxins, condensing chro-
matins and causing necrosis of the tissue (Fig. 3¢). Such
events (hepatocytes hypertrophy, displacement of the
nucleus to the periphery of the cell, vascular congestion,
and pyknotic nuclei) have been previously reported in
fishes Cyprinus carpio after 24 and 72 h of exposure to
0.4 mg a.i./L of the OP dimethoate (Singh 2013).

Therefore, the health effects of IGR and organophos-
phates deserve careful consideration. The ultra-structural
changes in gill and liver tissues of O. niloticus exposed to
DFB- and TMP-based formulations showed that those
larvicides induce effects on tissue structure addressing
physiological stress conditions, such as the detoxification
process in the liver cells, and damage in the gill tissue
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hepatocytes. ¢ Temephos (15 mg a.1./L), asterisk: hypertrophy of
the hepatocytes, PN: pyknotic nucleus, VC: vascular congestion
(400x amplification, Color HE)

hampering the oxygen consumption. DFB and TMP-
based formulations showed to be acutely harmful and
toxic, respectively, to the aquatic life. In an ecological
point of view, the larvicides can compromise the fish
interactions in the environment and impair survival at
concentrations likely to be found in an environmentally
realistic scenario, mainly after prolonged exposure to
sublethal doses. These results might be useful to guide
monitoring and mitigation programs to protect human
health and the environment from the adverse effects of
hazardous substances.

4 Conclusions

The present work provides additional insights into the
toxic potential of DFB- and TMP-based larvicide for-
mulations in fish H. eques and O. niloticus. DFB- and
TMP-based formulations are acutely harmful and toxic
to the fish species, respectively. After prolonged expo-
sure to low concentrations (p1g/L order), the larvicides
can compromise fish health, and consequently interac-
tions into the environment are threatened. DFB- and
TMP-based formulations also induce stress conditions
at the cellular level linked to physiological changes,
such as an increase of detoxification processes in liver
cells, and damage in the gill tissue hampering oxygen
consumption. This combined approach affords an inte-
grative analysis of DFB- and TMP-based larvicides on
freshwater fish, useful for assessing environmental risk
to fish species and in monitoring and mitigation pro-
grams to protect human and environmental health.
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