
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=lesb20

Journal of Environmental Science and Health, Part B
Pesticides, Food Contaminants, and Agricultural Wastes

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/lesb20

In vivo mutagenic effects and oxidative stress
parameters evaluation of cypermethrin and
benzoate of emamectin and their mixtures in
female mice

Wagner Bragante, Valéria Dornelles Gindri Sinhorin, Marina Mariko Sugui,
Ana Paula Simões da Cunha, Weslley Bressan dos Santos & Adilson Paulo
Sinhorin

To cite this article: Wagner Bragante, Valéria Dornelles Gindri Sinhorin, Marina Mariko Sugui,
Ana Paula Simões da Cunha, Weslley Bressan dos Santos & Adilson Paulo Sinhorin (2022): In
vivo mutagenic effects and oxidative stress parameters evaluation of cypermethrin and benzoate of
emamectin and their mixtures in female mice, Journal of Environmental Science and Health, Part B,
DOI: 10.1080/03601234.2022.2045841

To link to this article:  https://doi.org/10.1080/03601234.2022.2045841

Published online: 03 Mar 2022.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=lesb20
https://www.tandfonline.com/loi/lesb20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/03601234.2022.2045841
https://doi.org/10.1080/03601234.2022.2045841
https://www.tandfonline.com/action/authorSubmission?journalCode=lesb20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=lesb20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/03601234.2022.2045841
https://www.tandfonline.com/doi/mlt/10.1080/03601234.2022.2045841
http://crossmark.crossref.org/dialog/?doi=10.1080/03601234.2022.2045841&domain=pdf&date_stamp=2022-03-03
http://crossmark.crossref.org/dialog/?doi=10.1080/03601234.2022.2045841&domain=pdf&date_stamp=2022-03-03


In vivo mutagenic effects and oxidative stress parameters evaluation of
cypermethrin and benzoate of emamectin and their mixtures in female mice

Wagner Bragantea, Val�eria Dornelles Gindri Sinhorina , Marina Mariko Suguia, Ana Paula Sim~oes da Cunhaa,
Weslley Bressan dos Santosb, and Adilson Paulo Sinhorina

aPrograma de P�os-graduaç~ao em Ciências Ambientais; Instituto de Ciências Naturais, Humanas e Sociais, Laborat�orios Integrados de
Pesquisa em Ciências Qu�ımicas (LIPEQ), Universidade Federal de Mato Grosso, Câmpus de Sinop, Brazil; bInstituto de Ciências da Sa�ude,
Universidade Federal de Mato Grosso, Câmpus de Sinop, Brazil

ABSTRACT
We evaluated the biological effects of ingestion by gavage, for 28days, of the pesticides cyper-
methrin (CP) and emamectin benzoate (EB) and their mixtures in female Swiss mice. The groups
were Control (water); CP; EB and three distinct concentrations of CP and EB mixture expressed in
mg/kg/day. The biological effects were analyzed in the complete blood count and plasma (alkaline
phosphatase (ALP), alanine aminotransferase (ALT) and creatinine); the biochemical parameters of
oxidative stress (substances reactive to thiobarbituric acid (TBARS); reduced glutathione (GSH);
catalase (CAT), superoxide dismutase (SOD) and glutathione-S-transferase (GST)), and bone marrow
cells obtained from the femur for the micronucleus (MN) test. In the heart, there was a reduction
in GSH in the groups (0.5þ 0.67 and 2.5þ 3.37), although in the brain this effect appeared for the
other groups, except EB. Brain TBARS increased in CP and in the group (2.5þ 3.37) and platelets
increased in the group (12.5þ 16.87). Genotoxic/mutagenic effects, showing a consistent increase
dose-dependent effect on micronucleus counting for in the female mice. After 28days of treat-
ment, we can observe that the pesticide mixtures promoted genotoxic damage and oxidative
brain damage in female mice, which can damage the health of these animals and possibly their
future offspring.
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Introduction

From the 1960s, Brazil became part of the countries that
adopted the concepts of the Green Revolution.[1]After more
than fifty years, the country has become one of the largest
agricultural producers on the planet, with 75,866,854 hec-
tares cultivated,[2] as well as the world’s largest consumer of
pesticides, reaching in 2015 the mark of 500,000 tons of
active ingredients per year.[3]

The exaggerated consumption of pesticides, combined
with Brazilian policies that allow the use of several mole-
cules prohibited in developed countries, ends up having ser-
ious impacts on the environment, society, and human
health, many of them irreversible.[4]

In addition to field agriculture professionals, due to the
simultaneous release of pesticides into the environment, the
general population is also exposed, allowing contamination
by inhalation, dermal contact, or ingestion.[5] Therefore,
studies that involve the evaluation of effects such as the
mutagenic, genotoxic and cytotoxic potential of pesticides
ended up becoming a priority area of research.[6]

EB is an insecticide that is part of the chemical group of
avermectins, framed in a mode of action 6 (MoA 6) by the
classification of the Insecticide Resistance Action

Committee.[7]It is an agonist of GABA (gamma-aminobuty-
ric acid), a neurotransmitter with an inhibitory effect on the
central nervous system and neuromuscular junctions,[8]and
it has been reported as very toxic, with great neurotoxic
potential, promoting oxidative damage in cells and
genotoxicity.[9]

CP is a synthetic insecticide belonging to the group of
type II pyrethroids, having a cyan group (CN) in the phe-
noxybenzyl portion,[10] framed to the mode of action 3
(MoA 3) by the classification of the Insecticide Resistance
Action Committee.[7]This pesticide act on the sodium chan-
nels of the axons[11]and promotes genetic damage, morpho-
logical, behavioral, biochemical, oxidative stress in a wide
range of species and is also considered highly toxic.[12]

Some studies demonstrated that the mixture of pesticides
can potentiate the effects caused by them in non-target spe-
cies[13] like human beings,[5] and to quantify such damages
there are very useful exams, tests, and trials such as the
blood count, the study of oxidative stress markers, and the
tests to evaluate the genotoxicity.[13,14]

Oxidative stress is a condition that results from an imbal-
ance between the amount of oxidizing and antioxidant com-
pounds in the biochemical processes of cells, in favor of the
excessive generation of free radicals or at the expense of
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their removal speed.[15]To measure this imbalance, bio-
markers for oxidative stress are investigated, such as super-
oxide dismutase (SOD), catalase (CAT), substances reactive
to thiobarbituric acid (TBARS), reduced glutathione (GSH),
and Glutathione-S-transferase (GST).[16]In addition, the
micronucleus (MN) test is an important tool in toxicological
genetics, a method for evaluating various types of cytogen-
etic damage,[17] enabling the rapid detection of damage
caused to the genetic material of organisms exposed to
environmental chemical contamination.[18]

Despite we can found studies that show pesticides harm
on female mice,[19] most of the works involving pesticides
use mainly male animals, and it is important to note that in
the natural environment the females, responsible for con-
ducting the pregnancy, are also exposed to these products.
Based on that, studies their offspring realized in the state of
Mato Grosso, Brazil observed that maternal exposure to pes-
ticides is associated with a higher incidence of congenital
malformations in the cities with high use of pesticides,[20,21]

as well as, the presence de different classes of pesticides in
breast milk human.[22]

So, based on the information set out above and knowing
that simultaneous exposure to different commercial pesti-
cides is common and that their mixture can enhance the
damage caused by isolated formulations, we decide unprece-
dentedly to study if the exposure by 28 days could alter the
blood parameters, oxidative damage, and the genotoxicity of
the mixture of commercial products containing emamectin
benzoate and cypermethrin, products commonly applied
together in crops, in female Swiss mice, comparing with the
effects of the same individual commercial formulations.

Materials and methods

Chemicals and reagents

The commercial products used in this study were cyper-
methrin Nortox 250 CEVR (250.0 g/L de (RS)-/–cyano-3-phe-
noxybenzyl (1RS, 3RS;1RS, 3SR)-3-(2,2–dichlorovinyl)–2-2-
dimethylcyclopropane carboxylate (cypermethrin), 602.5 g/L
of C9 pyrolysis chain (ciclosol) - Solvesso 100 and 120.0 g/L
of inert ingredients), registered with the Ministry of
Agriculture, Livestock and Supply (MAPA) under No. 3101,
Nortox SA, Arapongas, PR, Brazil; Proclaim 50VR WG (ema-
mectin benzoate, 50 g/kg and other ingredients 950 g/kg)
registered on the MAPA under No. 29817, Syngenta Crop
Protection Ltda, S~ao Paulo, SP, Brazil; GenuxalVR (cyclophos-
phamide, Baxter), Germany. All reagents were obtained
from Sigma-Aldrich (Cotia, S~ao Paulo, Brazil) and Merck
(Darmstadt, Germany).

Animals and experimental design

Adult female Swiss mice, with an average age of 10weeks
and weight of 30� 40 g, were purchased from the Central
Vivarium of UFMT, Campus Cuiab�a. This study was
approved by the Ethics Committee on the Use of Animals
under protocol number 23108.961189/2018-43. During the

entire period (acclimatization for 2weeks and experimental),
the animals remained under controlled conditions of tem-
perature (28 ± 2 �C), relative humidity (55 ± 10%), light cycle
(12 hours light/dark) in a vivarium cabinet (Insight, Ribeir~ao
Preto, S~ao Paulo, Brazil), and receiving commercial pelleted
feed and filtered water ad libitum.

The 56 animals were divided into 7 groups (n¼ 8 ani-
mals) treated via gavage (300mL/a day), always at the same
time, for 28 days. To choose the dose of pesticides and their
mixtures, the sub-chronic contamination test model was
used, with doses between the LD50 (lethal dose for 50% of
the population), and ADI (Acceptable Daily Intake Index),
both following the registration of products obtained from
MAPA, because it is a common type of exposure in preda-
tory animals, including human beings.[23–25]The dose of
cyclophosphamide (CPA, 75mg/kg) was adapted from the
work of Luiz et al.[26]

The experiment followed this outline: (Control) - The
animals were treated with water; (CPA) - The animals were
treated with water and on the 28th day they received CPA
intraperitoneally at a single dose of 75mg/kg b.w. of com-
mercial product/(this group was used only to the
Genotoxicity test); (CP) - The animals were treated with
16.87mg/kg b.w./day; (EB) - The animals were treated with
12.5mg/kg b.w./day; Combination of minor doses
(0.5þ 0.67) - The animals were treated with mixture of
EBþCP, respective doses of 0.5mg/kg b.w./day and
0.67mg/kg b.w./day; Combination of intermediate doses
(2.5þ 3.37) - The animals were treated with mixture of
EBþCP, respective doses of 2.5mg/kg b.w./day and
3.37mg/kg b.w./day; Combination of high doses
(12.5þ 16.87) - The animals were treated with mixture of
EBþCP, respective doses of 12.5mg/kg b.w./day and
16.87mg/kg b.w./day.

Except for the CPA group, the other animals received on
the 28th day via intraperitoneal saline solution in a volume
equivalent to the applied in the group (CPA).

Analysis of biochemical, hematological, and
genotoxicity parameters

Twenty-four hours after the end of the treatment period, the
animals were anesthetized intraperitoneally, with
ChlortamineVR (ketamine, 50mg/kg), RompunVR (xylazine,
20mg/kg), and AcepranVR (acepromazine, 20mg/kg) with a
solution containing the 3 substances prepared at the time of
use. Then, a cardiac puncture was performed to obtain
whole blood with heparinized syringes. After the blood was
withdrawn, the animals underwent cervical dislocation and
the tissues (liver, kidney, heart, and brain) and femur were
removed. The samples were frozen at �85 �C in an ultra-
freezer and on the day of each test, the samples were thawed
and subjected to subsequent analysis.

Whole blood samples were used to perform the complete
blood count (Leukocytes; Platelets; Red blood cells;
Hemoglobin; Hematocrit; Media corpuscular volume
(MCV), Media corpuscular hemoglobin (MCH) and Mean
corpuscular hemoglobin concentration (MCHC)) and were
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performed in a Clinical Analysis Laboratory. These samples
were analyzed on a biochemical analyzer (XT-18000 Sysmex,
Roche, Hitachi Ltd, Tokyo, Japan). This equipment uses the
method of detection of electrical resistance (impedance tech-
nology) with a hydrodynamic focus. Fluorescence flow
cytometry is used to measure leukocytes and to
count platelets.

In the plasma samples, the activity of alkaline phosphat-
ase (ALP) and alanine aminotransferase (ALT) and creatin-
ine dosage were analyzed using commercial kits (Labtest,
Diagnostics SA, Minas Gerais, Brazil).

In the evaluation of oxidative stress, for lipid damage in
the tissues, substances reactive to thiobarbituric acid
(TBARS) were determined by measuring malondialdehyde
(MDA) levels, a residue of lipid oxidation. Results were
expressed in nmol MDA/mg protein, following the curve of
calibration for MDA.[27]

The dosage of reduced glutathione (GSH), one of the
main non-enzymatic antioxidants present in cells, based on
the formation of anionic thiolate was determined at 412 nm
and compared with the standard GSH curve. Data were
expressed in mmol of GSH/mg protein.[28] Superoxide dis-
mutase (SOD) activity, which catalyzes the dismutation of
superoxide radicals in H2O2, was determined by the inhibition
of adrenaline oxidation. It was measured at 480 nm, expressed
in UI SOD/mg protein.[29] Catalase (CAT), an antioxidant
enzyme, which decomposes H2O2 produced by cell activity,
measured the decomposition of H2O2 at 240 nm. Results were
expressed in mmol H2O2/min/mg protein.[30] Glutathione-S-
transferase (GST) activity, belonging to a family of enzymes
that has the function of protecting cellular macromolecules
from the attack of reactive electrophiles and catalyzing the con-
jugation of GSH with a wide variety of exogenous and
endogenous compounds, was measured based on the forma-
tion of GS-DNB adduct and expressed in mmol GS-DNB/min/
mg protein.[31]The protein content of the tissues was deter-
mined according to Bradford[32] using bovine serum albumin
as a standard for the elaboration of the standard curve. These
samples were read at 595 nm.

To assess genotoxicity, the micronucleus (MN) test was
performed, removing cells from the bone marrow of the
femur, according to MacGregor et al.[33]

A formula was used to verify the percent harm reduction
as the mean frequency decrease of Micronucleated cells
using the formula:[34]

%ð Þ reduction ¼ frequency of MN in A – frequency of MN in Bð Þ x 100
frequency of MN in A – frequency of MN in Cð Þ

Where A corresponds to the positive control group; B
the group of analysis (a group that was observed the reduc-
tion of micronuclei) and C the negative control group.

Statistical analysis

Biochemical data were submitted to normality and homo-
geneity of variances test. When the results didn’t present
normal distribution or homogeneous variances, we realized
a non-parametric test (Kruskal-Wallis, post hoc Dunn’s test)
to verify the differences between the experimental groups.
On the other hand, if the data were parametric, we submit-
ted to one-way analysis of variance - ANOVA followed by
post hoc Tukey test.

The data were presented as mean ± standard deviation
(SD) and/or median and interquartile range. The frequency
of micronucleated cells in the different experimental groups
was assessed using the chi-square test.[35] A probability level
of P< 0.05 was considered significant.

Results

Complete blood count

As shown in Table 1, no significant differences were found
between treatments for red blood cell (RBC) count, hemo-
globin, hematocrit, as well as for MCV, MCH, MCHC (data
not shown). In the leukocyte count, it was observed that the
results in the mixture of commercial products (0.5þ 0.67)
and (2.5þ 3.37) were higher than CP and (0.5þ 0.67) were
higher than EB, not differing from the control.

In the platelet count, we found that the treatment with
the mixture in the highest doses showed results significantly
higher than the control, CP, and EB. The treatments with
minor and intermediate doses had values significantly higher
than the commercial product alone (EB).

Results of the biochemical analysis of plasma

According to plasma analysis, in Figure 1, no treatment
showed significant differences in ALP and creatinine.
Regarding ALT activity, the combination of high doses pre-
sented significant reduction when compared to the combin-
ation of minor doses.

Table 1. Complete blood count results for red blood cell (RBC), hemoglobin, hematocrit, leukocyte, and platelets from female mice exposed to a mixture of com-
mercial products containing emamectin benzoate (EB) plus cypermethrin (CP), and same individual commercial products.

RBC (millions/nm3) Hemoglobin (g/dL) Hematocrit (%) Leukocyte (%/mm3) Platelets (%/mm3)

CONTROL 6.87 ± 0.47 18.25 ± 2.45 53.98 ± 6.30 7467 ± 1353 223000 ± 93983
CP 7.01 ± 0.35 16.59 ± 3.83 49.25 ± 10.03 5838 ± 1405 230500 ± 142103
EB 7.17 ± 0.48 17.58 ± 2.40 52.16 ± 6.74 6417 ± 1322 158857 ± 73833
(0.5þ 0.67) 6.92 ± 0.48 17.25 ± 2.28 51.83 ± 6.77 9614 ± 2223# ## 505204 ± 170805##

(2.5þ 3.37) 6.86 ± 0.33 17.83 ± 2.63 53.25 ± 7.17 8400 ± 1335# 444357 ± 172721##

(12.5þ 16.87) 6.73 ± 0.21 17.14 ± 2.40 50.46 ± 7.14 8029 ± 1923 579600 ± 130977�# ##

ANOVA followed by post hoc Tukey test, P< 0.001; (N¼ 8). �Compared to control; #compared to CP; ##compared to EB.
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Results of the analysis of oxidative stress of renal tissue

Data obtained from kidney analysis presented no significant
differences between the treatments for catalase, GSH, and
TBARS (Fig. 2).

Results of the analysis of oxidative stress in
cardiac tissue

In the results of the analysis of cardiac tissues, as shown in Figure
3, catalase activity and TBARS levels were not altered with the dif-
ferent treatments. The concentration of GSH obtained in the
(0.5þ 0.67) and (2.5þ 3.37) combinations showed reduced val-
ues when compared to the control group and also (2.5þ 3.37)
presented reduction when compared to CP.

Results of the analysis of oxidative stress in liver tissue

SOD, GST, and GSH didn’t present significant differences
between treatments. On the other hand, the CAT activity
showed an increase in the (12.5þ 16.87) group when com-
pared to CP and (0.5þ 0.67), but for TBARS we observed
that the same group presented a reduction in their levels
(Fig. 4).

Results of the oxidative stress analysis in brain tissue

Regarding CAT activity, there were no significant differences
between treatments. For GSH, the results obtained in the
analysis show that the CP group and all treatments contain-
ing the pesticide mixtures had significantly lower values
than the control and the (2.5þ 3.37) and (12.5þ 16.87)
groups showed reduction when compared to EB. For the
TBARS levels, we observed that the CP and the mixture
(2.5þ 3.37) showed increased values than the control and
that the treatments (2.5þ 3.37) and (12.5þ 16.87) increased
TBARS levels when compared to (0.5þ 0.67). Also, there
was a reduction in TBARS levels of (0.5þ 0.67) group when
compared to CP, as shown in Figure 5.

Micronucleus (MN) test results

To evaluate the mutagenic activity of pesticides alone or in
mixtures, the frequency of micronucleated polychromatic

erythrocytes was observed in Table 2. There was a signifi-
cant increase in micronuclei in the groups treated with the
pesticide mixture (EBþCP), being an increased dose-
dependent, when compared to the control group and with
the products alone (CP and EB) for intermediate and
high doses.

Discussion

This investigation studied the effects of EB and CP pesti-
cides and their mixture at different doses in female mice
treated for 28 days. There are reports in the literature of
studies involving analyzes of blood parameters and oxidative
stress in the male rats and mice using these
pesticides.[36–38]However, our work provides information
regarding the use of the mixture of these pesticides compar-
ing their effects also with each alone and their possible
harmful effects in female mice, once since they can also be
affected by these substances and few studies investi-
gate females.

Pesticides and their mixtures did not cause changes in
blood parameters (red blood cells, hemoglobin, hematocrit,
MCV, MCH, MCHC, and leukocytes), which was already
expected according to Anvisa,[39] as they are among the
parameters used for the commercial release of pesticides and
similarly to studies realized by Aroonvilairat et al.[40]On the
other hand, our data diverge from other studies that also
tested mixtures containing deltamethrin and cadmium in
mice males,[41]and El-Sheikh and Galal,[37] which studied
the toxic effects of sub-chronic exposure of male albino rats
to emamectin benzoate for 28 days. Differently, platelets
increased in the group with the highest dose of the mixture
according to Aroonvilairat et al.[40], which also studied a
mixture of pesticides. In our study, we can observe that
among the hematological parameters evaluated, platelets
were the ones that suffered the most changes in the face of
different treatments, although leukocytes also showed
changes compared to pesticides alone. Such outcome varia-
tions may be due to pesticide and mixture used, doses
administered, treatment time, and the animal model used in
the investigation.

Pesticides used in this study for 28-days did not cause
kidney and liver damage, like creatinine and ALP and ALT
enzymes did not change, similar to results demonstrated by

Figure 1. Results of the plasma biochemical analysis from female mice exposed to a mixture of commercial products containing emamectin benzoate (EB) plus
cypermethrin (CP), and same individual commercial products. ALP (alkaline phosphatase); ALT (alanine aminotransferase); Creatinine. Kruskal-Wallis analysis followed
by post hoc Dunn’s test; P< 0.05; (N¼ 8). @Compared to (0.5þ 0.67).
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Aroonvilairat et al.[40] In the same way, there were no
changes in the redox status parameters in the liver and kid-
ney tissue, although we can only observe that the

combination of high doses showed opposite results for CAT
and TBARS when compared to the combination of minor
doses. Since catalase is an antioxidant that acts by degrading

Figure 2. Results of the analysis in renal tissue from female mice exposed to a mixture of commercial products containing emamectin benzoate (EB) plus cyper-
methrin (CP), and same individual commercial products. CAT (Catalase); GSH (reduced glutathione; ANOVA followed by post hoc Tukey test); TBARS (thiobarbituric
acid reactive substances). CAT and TBARS (Kruskal-Wallis followed by post hoc Dunn’s test); P> 0.05 (N¼ 8).

Figure 3. Results of the analysis in cardiac tissue from female mice exposed to a mixture of commercial products containing emamectin benzoate (EB) plus cyper-
methrin (CP), and same individual commercial products. CAT (Catalase); GSH (reduced glutathione); TBARS (thiobarbituric acid reactive substances; ANOVA followed
by post hoc Tukey test). Kruskal-Wallis followed by post hoc Dunn’s test; P< 0.05; (N¼ 8). �Compared to to control; #compared to CP.

Figure 4. Results of the analysis in liver tissue from female mice exposed to a mixture of commercial products containing emamectin benzoate (EB) plus cyper-
methrin (CP), and same individual commercial products. SOD (Superoxide dismutase); CAT (Catalase); GST (Glutathione-s-transferase); GSH (reduced glutathione);
TBARS (thiobarbituric acid reactive substances). Kruskal-Wallis followed by post hoc Dunn’s test; P< 0.05; (N¼ 8). #Compared to CP, @compared to 0.5þ 0.67.
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hydrogen peroxide, less of this compound will be available
for the formation of TBARS, which may justify the observed
readings. On the other hand, literature data using males as
an experimental model demonstrated hepatic biochemical
changes, as well as different doses and treatment time,[42,43]

and studies made by Manzoor et al.,[44] who demonstrated
the effects of cypermethrin on nephrotoxicity in mice, and
El-Ballal et al.,[45] after to evaluate hepatorenal toxicity of
the mixture of fipronil and emamectin benzoate in rats.

In brain tissue, we found no significant differences
between treatments for catalase activity. On the other hand,
the GSH concentration, a major non-enzymatic antioxidant,
decreased for practically all treatments and even in cardiac
tissue with combinations of lower and intermediate doses.
The decrease in the concentration of GSH may indicate a
high level of oxidative stress, which is very similar to that
found by El-Demerdash,[46] who evaluated the oxidative
stress in male rat brains exposed to a combination of
organophosphate and pyrethroids. On the other hand,
TBARS levels increased for CP and intermediate combin-
ation of EB plus CP. These results confirm, for example, the
toxic effects of cypermethrin on this tissue, as was found by
Mezni et al.[47] and Ali et al.[48] In the same way, Nasr
et al.[49] and Noshy and Azouz[50] observed effects similar to
ours using a combination of chlorpyrifos plus abamectin
and emamectin benzoate, respectively. Cypermethrin can
cross the blood-brain barrier to exert neurotoxicity[48] and
the lipophilicity of emamectin benzoate makes it easy to
penetrate cell membranes and produce considerable toxicity
in humans and animals.[36] Considering that the toxicity of
these pesticides implicates by increased production of react-
ive oxygen species and promotes oxidative stress,[49]our

results demonstrate that the brain was more responsive tis-
sue to the treatments, which may explain the effects found
in this study caused by pesticides and their combinations.

Regarding MN test, we observed a significant and growing
increase in micronuclei in the groups treated with the different
combination of pesticide when compared to the control and in
the highest dose when compared with the isolated products,
which may be related to the increase in the number of platelets
found in the results of blood count analyzes. As thrombocytosis
is common in acute and chronic inflammation[51], maybe the
dose of the mixture causes inflammation to increase the platelet
count demonstrating there was hematopoietic toxicity.

The groups treated with the isolated products (CP and
EB), under the conditions performed, do not suggest muta-
genic potential with a significant increase in micronuclei.
On the other hand, some studies have demonstrated micro-
nucleus induction and DNA damage in vivo and in vitro
models using cypermethrin.[52–54]

Regarding the results observed in the treatments with the
mixture of pesticides, in the literature, there are few studies
on the genotoxicity from the combination of these two
chemically different groups of used compounds, although
commercially formulated mixtures of insecticides are widely
used in agriculture. In this context, Zhang
et al.[55]investigated the toxic effect of the mixture of
b-cypermethrin and emamectin benzoate on the reproduct-
ive health of male mice and found that the rate of apoptosis
of murine testicular cells increased and that DNA damage
occurred with a prolonged duration of exposure.

Other studies have already evaluated the effects caused by
exposure to the pesticide mixture, observing genotoxic dam-
age induced by combination containing cypermethrin,[56,57]

such as Chauhan et al.,[58] which evaluated the cytogenetic
effects of the mixture of cypermethrin and quinalphos
(organophosphate) in mice by testing the micronucleus and
chromosomal aberration in bone marrow cells and observed
a synergistic effect of genotoxicity of the dose-dependent
mixture. Besides, Chauhan et al.[59] observed genotoxicity of
the mixture of cypermethrin and chlorpyrifos (organophos-
phate) in Swiss mice exposed for 60 days, orally, in dose-
dependent induction of micronuclei and chromosomal
aberrations.

Regarding the toxicity of combination with cypermethrin
and emamectin benzoate, Khan et al.[60] evaluated the

Figure 5. Results of the analysis in brain tissue from female mice exposed to a mixture of commercial products containing emamectin benzoate (EB) plus cyper-
methrin (CP), and same individual commercial products. CAT (Catalase); GSH (reduced glutathione); TBARS (substances reactive to thiobarbituric acid). Kruskal-Wallis
followed by post hoc Dunn’s test; P< 0.0001; (N¼ 8). �Compared to control, #compared to CP; ##compared to EB; @compared to 0.5þ 0.67.

Table 2. Frequency of micronucleated polychromatic erythrocytes (MN) of
bone marrow cells from female mice exposed to a mixture of commercial
products containing emamectin benzoate (EB) and cypermethrin (CP), and the
same individual commercial products.

Treatments Analized cells MN

Control 8000 168
CPA 8000 358��
CP 8000 177
EB 8000 183
0.5þ 0.67 8000 206�
2.5þ 3.37 8000 223�# ##

12.5þ 16.87 8000 390�# ##

Chi-square test, P< 0.01 and P< 0.05 (0.5þ 0.67); (N¼ 8). �Compared to con-
trol; �� compared to control; #compared to CP; ##compared to EB.
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synergistic interaction in the toxic potential of different mix-
tures of insecticides on Musca domestica L. observing an
increased effect between the mixtures of these two pesti-
cides. Thus, these toxicity and genotoxicity analyzes are of
paramount importance due to the scarcity of studies that
analyze the exposure of populations to several pesticides
simultaneously, which currently corresponds to the most fre-
quent reality.[61]

Besides, the exacerbated use of pesticides in crops associ-
ated with the exposure of people to these contaminants,
whether through inhalation, dermal contact, or ingestion,[5]

ends up reflecting in situations such as those seen by a
higher incidence of congenital malformations,[19,20] the pres-
ence of them in breast milk human,[21] and cancer.[62,63]

Although a chemical analysis was not performed to inves-
tigate whether there is any interaction between these pesti-
cides, this study contributed to investigating whether female
mice exposed for 28 days are affected by the toxicity of the
products alone or in mixtures, as is often used in agricul-
tural practice.

Conclusion

We can conclude that after 28 days of treatment with the
different combinations of CP and EB, we could see changes,
mainly in platelets and status redox in the animals’ brain
and the mutagenicity can be observed in a dose-dependent
manner for the mixtures and their joint action proved to be
more effective than the products alone when applied under
the experimental conditions in female mice.
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