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ABSTRACT

Purpose: to evaluate possible ototoxicity secondary to exposure to a combination of
pesticides (dichlorvos and cypermethrin based insecticides).

Methods: the Wistar rats were divided into 3 groups (12 animals per group): control
(water), positive control for hearing damage (cisplatin) and experimental (exposed
to dichlorvos and cypermethrin). The amplitude of distortion product otoacoustic
emissions was assessed before and after the exposure. Systemic toxicity signs were
also evaluated (clinical signs, weight gain and plasma cholinesterase). Wilcoxon
test analyzed the post-exposure amplitudes compared to pre-exposure and Kruskal
Wallis following Dunn’s post hoc tests analyzed the amplitudes’ variation. Normally
distributed variables were evaluated by Student’s t test.

Results: body weight and plasma cholinesterase values were similar comparing the
pre and post exposure in the experimental group. The control group did not manifest
significant amplitude reduction of otoacoustic emissions between the pre and
post evaluation. In the group exposed to cisplatin there was a significant reduction
in amplitudes at 12 kHz on the right (p = 0.006; Wilcoxon) and 4 kHz on the left
(p = 0.032; Wilcoxon). In the group exposed to pesticides, there was a significant
reductioninthe right earat4 kHz (p = 0.034; Wilcoxon) and 8 kHz (p = 0.019; Wilcoxon)
and in the left ear at 4 kHz (p = 0.007; Wilcoxon), 6 kHz (p = 0.023; Wilcoxon), 8 kHz
(p = 0.045; Wilcoxon) and 12 kHz (p = 0.028; Wilcoxon).

Conclusion: there was ototoxicity in the experimental group, without a relevant
systemic toxicity.
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INTRODUCTION

Pesticides are commonly used in public health and
agriculture' and the associations between organophos-
phates and pyrethroids are widely performed. However,
when associated, pesticides can lead to unpredictable
effects, considering the complexity of toxicological
interactions?. In general, pesticides are correlated with
more unfavorable outcomes, in relation to neurodevel-
opment, and their association with sensory functioning
has not been completely elucidated?.

Some studies indicate that exposure to pesticides
can cause impairment in hearing*® and in health, in
general’. Nevertheless, hearing injury is often multifac-
torial*® and may involve factors such as noise, vibration,
use of antibiotics, chemotherapy, and genetic factors.
It is difficult to elucidate the isolated cause of hearing
damage, considering all the etiologic agents knowné.

Organophosphates (OPs), such as dichlorvos, are
pesticides broadly used in agriculture as insecticides.
OPs inhibit cholinesterase, causing several intoxica-
tions. Pyrethroids are compounds synthetically derived
from chrysanthemum that prolong the inflow of sodium
and are closely related to hypersensitivity reactions.
Cypermethrin is a type Il pyrethroid, which has an alpha
cyan group and is more potent. Its mechanism of action
involves blocking nerve conduction, persistent depolar-
ization, reduction of the action potential amplitude and
depolarization in axonal conduction. There is also a
suppression of chloride channels related to the GABA
receptor®'2, In isolation, both substances caused
hearing damage in Wistar rats exposed sub-chronically
by inhalation. The choice of the sub-chronic route
in studies that evaluate the toxicity of pesticides is
essential, since this is a frequent route of intoxication in
humans and animals associated with numerous cases
of chronic or sub-chronic exposure®°.

Considering the multifactorial nature of hearing
loss, a study conducted in rats - exposed exclusively
to pesticides, isolating hearing loss etiologic factors as
ototoxic medications or noise - allows to characterize
the hearing damage due to exposure to pesticides,
as well as its mechanisms. Thus, it is relevant to study
exposure to pesticides, widely used, such as organo-
phosphates and pyrethroids, isolated and in combi-
nation. Therefore, the present study aims to evaluate
the auditory effects of the association of dichlorvos
and cypermethrin administered sub-chronically, via
inhalation, in Wistar rats.
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METHODS

The Federal University of Health Sciences of
Porto Alegre Ethics Committee on Animal Use, Brazil,
approved the experimental protocol under number
478/16. To reduce the risk of pain or suffering to the
animals, the protocol followed the procedures estab-
lished by the National Council for the Control of Animal
Experimentation. The experimental protocol was based
on the guidelines for sub-chronic inhalation toxicity
test, number 413, proposed by the Organization for
Economic Co-operation and Development' (OECD) for
the Testing of Chemicals.

Chemical agents

An organophosphorus insecticide containing
dichlorvos as active ingredient and a pyrethroid insec-
ticide containing cypermethrin as active ingredient
were associated. The pesticides were mixed with
distilled water (concentration of 1.48mg/L for dichlorvos
and at the concentration of 0.25mg/L for cypermethrin).
The chosen concentration corresponded to 1/10 of rat
inhalation LC50 (LC50 is the concentration that causes
the death of 50% of animals exposed to a certain
substance).

Cisplatin, an antineoplastic drug, was chosen as
a positive control for hearing damage (8mg/kg intra-
peritoneally, once a day, during 3 days). The drug was
mixed with physiological solution (10 mL of solution

per kg).

Animal Model

The animals chosen for the experimental protocol
were Wistar rats (Rattus norvegicus). The animals (36
male rats, aged 60 days, 300 = 509) received water and
food ad libitum, except during exposure, in a cycle of
12h light/dark (controlled conditions of the  vivarium).

Experimental

The experimental protocol was based on previous
studies®. The animals included in the experimental
protocol had distortion product otoacoustic emissions
(DPOAE) present in the frequencies of 4, 6, 8, 10 and
12 kHz. Furthermore, an otoscopy was performed by a
veterinarian and no signs of external ear pathology were
found in any of the rats. Inhalation exposure chambers
acoustically treated by an enclosure (avoiding noise)
were coupled to ultrasonic nebulizers as an inlet stream
and as an exhaust system an aspirator was coupled



to the chambers. Each chamber had 56 L of volume
and accommodated 4 animals following the volume
proposed by the OECD®™. To determinate the sample
size, a previous research'* that evaluated rats exposed
to cisplatin, an ototoxic substance, was analyzed and
considered.

For 5 days (adaptation period) the animals were
habituated to the instruments of auditory evaluation
and to exposure chamber using only air flow (for 1h
on day 1, 2h on day 2, 3h on day 3 and 4h on day 4).
Water vapor was used with the air flow on day 5 for 4
hours. The animals (N=36) were allocate at random to
three groups: negative control (n=12; animals exposed
to inhaled water vapor during 4h, 5 times a week, for
6 weeks), positive control (n=12; animals exposed to
8mg/kg intraperitoneal cisplatin, once a day, during 3
successive days) and experimental (n=12; animals
exposed to an inhaled association of the pesticides at
the concentration of 1.48mg/L for dichlorvos and at the
concentration of 0.25mg/L for cypermethrin, for 4h, 5
times/week, during 6 weeks).

Evaluations
Clinical signs and body weight

On exposure days the rats were assessed for
body weight and clinical signs, as tremor, dyspnea,
excitation, depression and piloerection.

Distortion product otoacoustic emissions (DPOAEs)

The distortion product otoacoustic emissions were
tested (4, 6, 8, 10 and 12 kHz) in the control and experi-
mental groups before (pre-exposure) and after (post-
exposure) the exposure period (0 and 42 days), and in
the positive control immediately before the 1st admin-
istration and 24 hours after the 3rd administration of
cisplatin. DPOAEs were performed without anesthetic.
DPOAEs were recorded using f1 and f2 tones as
acoustic stimuli at 65 and 55db sound pressure level. A
child size hearing probe was inserted into the external
acoustic meatus of the animal to perform the test.
DPOAEs were recorded in the control and experimental
groups before (pre-exposure) and after (post-exposure)
the exposure period (0 and 42 days), and in the
positive control previously the 1st administration and 24
hours after the 3rd administration. The DPOAEs were
assessed before and after exposure and the amplitude
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of response was compared between groups (control,
positive control and pesticides).

Euthanasia

Euthanasia was conduct 24 hours post the last
exposure to substances (cisplatin, pesticides or water).
Intraperitoneal sodium thiopental (40mg/kg) associated
with lidocaine (10mg/ml) was previously used as
anesthesia. The animals’ blood was collected from the
caudal vena cava and placed in an EDTA tube, centri-
fuged and the plasma was frozen and later analyzed to
determinate the plasma cholinesterase activity. Organs
(spleen, liver, heart, lungs and kidneys) were inspected
for macroscopic alterations.

Statistical Analysis

The DPOAE were analyzed by interquartile ranges
and median. Wilcoxon test analyzed the post-exposure
amplitudes compared to pre-exposure. Kruskal
Wallis following Dunn’s post hoc tests analyzed the
amplitudes’ variation (final amplitude minus basal).
Parametric data were presented by mean and standard
error of the mean. Normally distributed variables,
such as cholinesterase activity and body mass, were
evaluated by Student’s t test. The tests had a 95%
confidence interval.

RESULTS

Distortion product otoacoustic emissions

Regarding the pre- and post-exposure amplitudes,
the Wilcoxon test (Figure 1) did not demonstrate a
significant reduction for the frequencies analyzed in the
control group, confirming the robustness of the model.
For the same test, in the group exposed to cisplatin
there was a significant reduction in amplitudes pre
and post exposure at 12 kHz on the right (p = 0.006;
Wilcoxon) and 4 kHz on the left (p = 0.032; Wilcoxon).
In the group exposed to pesticides, there was a signif-
icant reduction in amplitudes pre and post exposure in
the right ear at 4 kHz (p = 0.034; Wilcoxon) and 8 kHz
(p = 0.019; Wilcoxon); in the left ear, there was a signif-
icant reduction at 4 kHz (p = 0.007; Wilcoxon), at 6 kHz
(p = 0.023; Wilcoxon), at 8 kHz (p = 0.045; Wilcoxon)
and at 12 kHz (p = 0.028; Wilcoxon).
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Figure 1. Median and interquartile ranges of DPOAE amplitudes pre (basal) and post (final) exposure to pesticides, cisplatin (positive
control for hearing damage) and water (control) — Wilcoxon test.
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According to the variation in amplitudes (final right and 6 and 8 kHz on the left ear (p <0.05, Kruskal
assessment minus initial assessment - Figure 2), in Wallis). Table 1 shows which groups were different
the association group there was a significant decrease from each other in frequencies analyzed according to
in the frequencies 8 kHz, 10 kHz and 12 kHz on the Dunn’s Post Hoc test.

Right Ear Left Ear

4kHz 6kHz 8kHz 10kHz 12kH:z 4kHz 6kHz 8kHz 10kHz 12kHz
40

f——
P

——— | #

——

— .
———— —

EZ}iTw ﬁ

-20

——
'_
e
'_
— ¥
o
f—— s %
_I
—i—
HE———
4
I
—i—

-40

-60

-80
m Control Cisplatin m Pesticides

Figure 2. Variation of the amplitudes (medians and interquartile ranges) between the pre and post-exposure period to control (water),
positive control (cisplatin) and pesticides.

Table 1. Kruskal-Wallis and Dunn’s post hoc tests results

Dunn’s Post Hoc

Ear Frequency Kruskal-Wallis Cor)l(trol Co::(trol Cisp):atin
Pesticides Cisplatin Pesticides
4kHz p=0.158
6kHz p=0.107
Right 8kHz p=0.014* p=0.012*
10kHz p=0.024* p=0.034*
12kHz p=0.011* p=0.008*
4kHz p=0.080
6kHz p=0.049* p=0.045*
Left 8kHz p=0.009* p=0.007*
10kHz p=0.370
12kHz p=0.075

Kruskal-Wallis test; *p<0,05
Dunn’s Post Hoc test; *p<0,05
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Systemic toxicity signs

No statistically significant change occurred in
plasma cholinesterase and body mass gain in the
association group. Transient clinical signs (during the
exposure period) were observed, including piloerection,
reduced activity, dyspnea and pruritus. In euthanasia,
there were no differences in the relative mass of the
organs or macroscopic changes.

DISCUSSION

The control and positive control groups behaved as
expected, once at the control (water) group there was
no reduction and the positive control (cisplatin) showed
reduction between their final DPOAEs amplitude values
compared to the initial one, which corroborates the
consistency of the experimental protocol. Thus, the
difference (final minus initial) presented by the pesti-
cides’ association group indicates that there is an alter-
ation in DPOAEs amplitude values due to sub-chronic
inhalation exposure to dichlorvos and cypermethrin
association.

Previous studies®'® carried out with the active
ingredients alone, using the same protocol, resulted
in decreased amplitudes in exposure to dichlorvos (8
kHz and 10 kHz bilaterally) and cypermethrin (8, 10
and 12 kHz bilaterally and 4 and 6 kHz on the right). In
the present study, the association of both was able to
decrease the amplitudes of DPOAEs between pre and
post exposure at 4 kHz and 8 kHz on the right and 4, 6,
8 and 12 kHz on the left.

The similarity between the amplitude variations (final
minus initial) between the association group and the
cisplatin group (p <0.05, Kruskal Wallis) also indicates
that the pesticides tested in association are compa-
rable to the ototoxic drug (positive control). Regarding
this variation, the decrease in the association group
compared to the control at 8 kHz on the right and 6 and
8 kHz on the left ear (p <0.05, Kruskal Wallis; p <0.05,
Dunn’s post hoc), and its similarity with the positive
control group is congruent with previous studies
that evaluated DPOAEs before and after exposure to
dichlorvos® and cypermethrin'® alone in Wistar rats. The
exposure to cypermethrin generated a reduction in the
amplitude variation in 10 and 12 kHz on the right and
in 8, 10 and 12 kHz on the left. Dichlorvos caused a
reduction in the amplitude variation in 10 kHz on the
right and 8kHz and 10 kHz on the left. Such results
indicate hearing damage secondary to exposure to
ototoxic agents, since they occur at high frequencies
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and were pointed out after assessment of DPOAEs, an
assessment sensitive to cochlea’s hair cells damage.

Regarding the ototoxic results manifested without
significant alterations in the clinical signs, as well as no
reduction in the plasmatic cholinesterase activity, repre-
senting absence of systemic toxicity, these findings are
similar to the ones evidenced in previous studies using
the same model®'°. The concentrations of pesticides
in those studies, as well as in the present study, corre-
sponded to 1/10 of the inhaled LC50 for rats, which
represents that even at low concentrations there was
damage to the DPOAEs, without clinical signs indicative
of toxicity or even changes in plasma cholinesterase. A
normal range of plasma cholinesterase levels was also
found in workers chronically exposed to organophos-
phates, suggesting relative resistance of higher nervous
system functions to mild chronic pesticide exposure'.

Although studies in humans have already suggested
the correlation between hearing damage and exposure
to pesticides''”, most research have limitations, once
human beings may be exposed to more than a factor
that contributes to this outcome, such as noise, vibration
and use of ototoxic drugs. The exact mechanisms of
cochlear function damage secondary to exposure to
pesticides are not yet well established, however, similar
changes induced by medications indicate that oxidative
stress might play a role in this issue and in toxicity in
humans and animals in general'®'®. The sensorineural
hearing loss mechanism associated with cisplatin
and aminoglycosides occurs due to damage to the
outer hair cells, and specific aminoglycosides, such
as gentamicin, can still damage the vestibular system.
In this case, oxidative stress would occur in the inner
ear followed by cell damage®. Lee et al. (2016)%, in
research that evaluated the effect of a catalase inhibitor
as a protector against ototoxicity in mice, found out
that apparently the ototoxic effects of cobalt would be
related to the generation of reactive oxygen species
(ROS) and the production, in the auditory system, of
pro-inflammatory cytokines. Still, Jiang et al. (2016) also
report, in their research that investigated ototoxicity by
inducing cell death by aminoglycoside, the contribution
of the generation of ROS in ototoxicity?2.

Kim et al. (2017)% evaluated the role of the autopha-
gosome marker LC3-ll, related to the induction of
damage in vivo and in vitro. These authors suggest
that autophagic flux is a possible mechanism for genta-
micin-induced ototoxicity. In this case, the damage
could be related to the accumulation of autophago-
somes, due to impaired autophagy. Choi et al. (2019)



investigated the relationship between cisplatin-induced
hearing loss and receptor-interacting protein kinase
(RIP) 3-dependent necroptosis in vivo and in vitro,
concluding that RIP3-dependent necroptosis was
highly expressed in cisplatin-induced ototoxicity.
The authors noted that the Corti organ and the spiral
ganglion neurons were sites particularly susceptible to
the process of necroptosis.

There may be some potential limitations in this
study. Although hearing damage caused by pesticides
may be similar to the ones caused by other ototoxic
substances (sensory-neural and damaging to the hair
cells of the cochlea, frequently causing a decrease in
the amplitude of otoacoustic emissions), the lack of
previous studies analyzing specifically the mechanisms
that cause such damage after exposure to pesticides
make this aspect unclear. Further studies need to be
conducted in order to clarify the decrease in cochlear
function related specifically to this type of exposure.
Such studies could associate electrophysiological
results with morphological data of structures such as
hair cells, which could better elucidate the mechanism
of hearing injury by pesticides. Understanding these
mechanisms is a major matter for the development of
studies that evaluates substances with otoprotective
activity.

CONCLUSION

Considering the ototoxicity secondary to sub-chronic
inhalation exposure to the association of compounds
containing cypermethrin and dichlorvos, even without
relevant systemic toxicity, the importance of raising
awareness of individuals occupationally exposed
to pesticides, even at low concentrations, about the
importance of performing their work activities with the
use of personal protective equipment, is highlighted.
Furthermore, measures seem to be important to
regulate audiometric control in workers exposed to
pesticides and not only in those exposed to noise,
since strong evidence points to the risk of ototoxicity
secondary to exposure to this type of substance.
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