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A B S T R A C T

Methamidophos (MET) is a pesticide that has toxic properties, including effects on fertility. This study aimed to
assess the joint action of treatment time and exposure to methamidophos on the male reproductive system. MET
was orally administered to adult male Swiss mice at a dose of 0.004 mg.kg−1 for 15 and 50 consecutive days. The
following parameters were evaluated: weight of reproductive organs, spermatogenesis, sperm and Sertoli cell
count, daily sperm production and sperm transit time. Short-term exposure to methamidophos induced a de-
crease in epididymal weight. The frequency of stages V–VI of spermatogenesis increased and the frequency of
stage IX decreased. In the epididymis, sperm transit time (caput/corpus) was reduced and the relative sperm
number (cauda) increased. Long-term exposure induced an increase in the frequencies of stages I–IV and V-VI
and decreased the stages VII-VIII and IX. The number of Sertoli cells with evident nucleoli was reduced in both
exposures. These results confirm the reproductive toxicity of MET.

1. Introduction

Organophosphates (OP) are one of the most important classes of
pesticides. In addition to their use in agriculture, OP are also used in
both domestic and industrial settings and in public health applications,
such as the control of mosquito-borne diseases [1]. The illegal use of
poisoned baits containing OP has also been reported [2]. This group of
pesticides has been reported to be a risk factor in respect of biodiversity
and terrestrial ecosystems [3], causing contamination and being toxic
to animal and human life. Furthermore, in countries where regulations
are not stringent, or where the implementation and enforcement of laws
are not effective, the likelihood of pesticide poisoning may be greater
[4].

Methamidophos (MET) is used on crops, including sweet pepper,
grapes, strawberries and tomatoes [5,6]. It has been detected in pollen
samples from honeybee colonies [7]. MET has also been shown to in-
hibit acetylcholinesterase (AChE) activity at cholinergic binding sites
within the central and peripheral nervous systems, which can lead to
signs of toxicity in animals [8,9]. In addition, it has both hydrophilic
and hydrophobic domains [10] and can pass through the blood-brain

and placental barriers [11] and diffuse easily through cell membranes.
Thus, these chemical properties could also allow MET to pass the blood-
testicular barrier.

Previous studies have shown that MET exposure may lead to de-
velopmental neurotoxicity in aquatic systems [12] and attack behavior
in non-aggressive mice [13]. MET exposure has also been shown to be a
factor in some reproductive disorders. Deleterious effects on male re-
productive endpoints such as testosterone levels, semen quality [14,15]
and ADN sperm [16,17], leading to infertility and/or structural and
functional changes [9,15] have also been reported. These reproductive
changes caused by contact with MET may compromise the survival of
the exposed species. In this context, the present study was designed to
evaluate the effects of the joint action of treatment time and exposure to
methamidophos on the weight of reproductive organs (testes, epididy-
mides and seminal vesicles), the dynamics of spermatogenesis, daily
sperm production (DSP), the Sertoli cell number with evident nucleoli
in the germinal epithelium and sperm transit time in the epididymis of
adult Swiss mice.
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2. Materials and methods

2.1. Test compound

Commercial methamidophos (O,S-dimethylphosphoroamidothioate)
formulation was diluted in distilled water to obtain a 0.004 mg.kg−1 dose
prior to use. Its molecular formula is C2H8NO2PS, molecular weight
141.125 g/mol, and CAS no. 10265-92-6.

2.2. Animals and experimental groups

All experimental protocols were approved by the Ethics Committee
on the Use of Animals of the Universidade Federal de Goiás (protocol
#047/2016-CEUA/UFG) in accordance with the National Council for
the Control of Animal Experimentation (Concea) guidelines. Healthy
50-day-old adult male Swiss mice (Mus musculus), weighing 42 g, ob-
tained from the Central Animal House of the Universidade Federal de
Goiás were housed in standard polypropylene cages (40 × 30× 16 cm)
at 23 °C, with a light/dark cycle of 12 h (lights on at 6:00 am) in the
Laboratory of Physiology and Toxicological Biochemistry, Universidade
Estadual de Goiás, Ceres, GO, Brazil. Food (commercial rodent diet
Presence®, Presence Alimentos, Paulínia, SP, Brazil) and filtered tap
water were available ad libitum.

Animals were randomly allocated to two experimental groups and
received 0.004 mg.kg−1 of MET dissolved in water (100 μL) daily by
gavage for 15 (short-term exposure group, n = 9/group, age 65 days at
the end of treatment) and 50 (long-term exposure group, n = 11/group,
age 100 days at the end of treatment) consecutive days. A control group
received only water. The dose was selected in accordance with the
acceptable daily intake (ADI) in food for humans allowed by the World
Health Organization [18] and the Agência Nacional de Vigilância Sa-
nitária [19] in Brazil, which is 0.004 mg.kg−1.

2.3. Organ weights

On the day after the end of treatment, the mice were killed by de-
capitation. The testes, epididymides (separated into caput/corpus and
cauda) and seminal vesicles (with fluid) were removed to determine
absolute and relative weights.

2.4. Spermatogenesis and Sertoli cell count

Right testes were fixed in paraformaldehyde (10 %) fixative solution
by immersion for 24 h. After embedding in paraffin (Histosec®, Merck
KGaA, Darmstadt, Germany), 5-μm sections were stained with hema-
toxylin and eosin. Spermatogenesis and Sertoli cell count were eval-
uated under a light microscope (Olympus Biological Microscope Model
CH30, Olympus Optical Co., LTD., Tokyo, Japan) at 400× magnifica-
tion. The dynamics of spermatogenesis was determined by estimating
the frequency of the stages: I–IV and V–VI (two generations of sper-
matids), VII–VIII (mature spermatids), IX (only one generation of
spermatids), X–XI (two generations of spermatids), XII (secondary
spermatocyte) in 105 transverse sections of seminiferous tubules per
animal (Supplementary Data 1 and 2). Furthermore, the total number of
Sertoli cells with evident nucleoli (the two meiotic divisions that occur
in stage XII increase Sertoli cell activity, and present the most evident
nucleoli) was calculated by averaging counts from 10 seminiferous
tubules per mouse at stage XII of spermatogenesis (Supplementary Data
3) [20].

2.5. Sperm number, daily sperm production and sperm transit time

The left testes and epididymides were weighed, stored at −20 °C
and subsequently used to estimate the number of mature spermatids,
daily sperm production (DSP) and sperm transit time in tissue

homogenates [21]. In short, the testicular parenchyma was homo-
genized in 3 ml of solution containing NaCl 0.9 % and Triton X-100 at
0.5 %, followed by sonication for 2 min. The epididymides were
homogenized with 1 ml of the same solution for each 20 and 10 mg of
tissue for the caput/corpus and cauda, respectively. Then 400 μl of
these homogenates was added to 600 μl of the solution. The samples
(testis and epididymis homogenates) were placed in a haemocytometer
(Neubauer chamber, 0.0025 mm2, depth 0.100 mm) to count homo-
genization-resistant spermatids (step 16) under a light microscope at
400× magnification. Counts were performed in four replicates, and
each replicate was evaluated by averaging counts from five different
squares, each with 16 fields (Supplementary Data 4). DSP was calcu-
lated by dividing the total number of spermatids resistant to homo-
genization found per testis by 4.84 (the number of days spermatids are
present in the seminiferous epithelium) and the sperm transit time was
estimated from the ratio of the number of sperm in each epididymal
segment (caput/corpus and cauda) and the DSP.

2.6. Statistical analysis

Data were evaluated using Factorial ANOVA, and homogeneity was
assessed using the Levene’s test. The Tukey post-test was applied to
detect significant effects of the parameters of MET exposure and
duration of MET exposure. For testing the significance of sperm
number, relative sperm number and sperm transit time data in the
cauda epididymis, the Wald chi-square statistic (Wald χ2), computed
by the Generalized Linear/Nonlinear (GLZ) Models, was used. Poisson
and Identity were applied for the distribution and link function of
predicted values. The level of significance used was P<0.05.

3. Results

3.1. Somatic parameters

Administration of 0.004 mg.kg−1 of MET changed absolute and
relative weight of the epididymides. Factorial analysis showed an in-
teraction between time and MET exposure. Following short-term
treatment, there was a decrease in the absolute weight of the cauda
epididymis in the MET-exposed mice (F(1, 35) = 5.258; P<0.05;
Fig. 1A) when compared to the control group. Relative weight reduc-
tions in the caput/corpus (F(1, 35) = 5.639; P<0.05; Fig. 2A) and
cauda epididymis (F(1, 35) = 7.782; P<0.05; Fig. 2B) were also ob-
served. Following long-term exposure, no significant changes in the
absolute/relative weights of reproductive organs were noted in the MET
group, compared to control. However, the analysis between the MET
groups in respect of exposure time showed that long-term treatment
caused an increase in the absolute weight of the cauda epididymis (F(1,
35) = 4.333; P<0.05; Fig. 1A) and seminal vesicles with fluid (F(1, 35)
= 9.733; P<0.05; Fig. 1B) when compared to short-term treatment.
This increase was also observed in the relative weight of the caput/
corpus (F(1, 35) = 8.116; P<0.05; Fig. 2A) and cauda epididymis (F(1,
35) = 7.801; P<0.05; Fig. 2B) and seminal vesicle with fluid (F(1, 35) =
16.798; P<0.001; Fig. 2C). No difference was found in the final body
and testes weight in both short and long-term exposure (Supplementary
Data 5).

3.2. Spermatogenesis

Significant differences were found among the germinal epithelium
stages of the control and MET groups (Fig. 3). Following short-term
exposure, an increase in the frequency of stages V-VI (F(1,34) = 31.970;
P<0.001; Fig. 3B) and a decrease of stage IX (F(1,34) = 20.268;
P<0.001; Fig. 3D) were observed in the MET-treated mice compared
to the control. In the long-term exposure group, there was an increase of
stages I-IV (F(1,34) = 4.665; P<0.05; Fig. 3A) and V-VI (F(1,34) =
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31.970; P<0.001; Fig. 3B) and a reduction of stages VII-VIII (F(1,34) =
4.632; P<0.05; Fig. 3C) and IX (F(1,34) = 20.268; P<0.001; Fig. 3D).
Moreover, in respect of the analysis comparing duration of MET ex-
posure, the germinative epithelium was affected. In the long-term
treatment, there was an increase in stages I-IV (F(1,34) = 57.165;
P<0.001; Fig. 3A) and a reduction in stages VII-VIII (F(1,34) = 5.012;
P<0.05; Fig. 3C) and X-XI (F(1,34) = 13.816; P<0.001; Fig. 3E). No
difference was found in stage XII (Fig. 3F) in both short and long-term
exposure. Interaction between time and MET exposure was observed
only in stages I-IV and VII-VIII.

3.3. Sertoli cells

The total number of Sertoli cells with nucleoli evident per semi-
niferous tubule of mice is shown in Fig. 4. There was no significant
interaction between MET exposition and time of treatment. However,
both short and long-term exposure to MET produced a decrease in
Sertoli number (F(1,34) = 184.390; P<0.001) by 23 % and 29 %, re-
spectively, when compared to the control group.

3.4. Sperm number, daily sperm production and sperm transit time

The lower dose of MET did not promote significant alterations in
testicular sperm counts (number of mature spermatids) or in DSP
during the short and long-term treatments (Table 1). On the other hand,
changes in epididymal parameters were found. In the MET-treated
mice, sperm transit (caput/corpus) decreased (F(1,24) = 5.143;
P<0.05; Fig. 5A) and relative sperm count (cauda) increased (Wald
X2
(1) = 19.798; P<0.001; Fig. 5B) during short-term exposure. Inter-

action between time of treatment and MET exposure was observed only
in the relative sperm count parameter. In respect of the analysis

Fig. 1. Absolute weight of cauda epididymis (A) and seminal vesicle with fluid
(B) of adult male Swiss mice orally treated for 15 (Control: n = 9; MET: n = 9)
and 50 (Control: n = 10; MET: n = 11) days with methamidophos 0.004
mg.kg−1. Values are mean± standard deviation. Asterisk indicates a sig-
nificant difference from control. Hash indicates a significant difference between
15 and 50 days of MET treatment. Factorial ANOVA and Tukey post-test (*
P<0.05, # P<0.05).

Fig. 2. Relative weight of caput/corpus epididymis (A), cauda epididymis (B)
and seminal vesicle with fluid (C) of adult male Swiss mice orally treated for 15
(Control: n = 9; MET: n = 9) and 50 (Control: n = 10; MET: n = 11) days with
methamidophos 0.004 mg.kg−1. Values are mean± standard deviation.
Asterisk indicates a significant difference from control. Hash indicates a sig-
nificant difference between 15 and 50 days of MET treatment. Factorial ANOVA
and Tukey post-test (* P<0.05, # P<0.05).
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comparing duration of MET exposure, relative sperm count increased
(Wald X2

(1) = 300.96; P<0.001; Fig. 5B) following long-term exposure
compared to short-term exposure.

4. Discussion

We analyzed the effects of short- and long-term exposure to MET on
the male reproductive system. Short-term exposure induced a decrease
in the absolute (cauda) and relative (caput/corpus and cauda) weight of
the epididymides. The frequency of stages V–VI of spermatogenesis
increased and the frequency of stage IX decreased. In the epididymis,

sperm transit time (caput/corpus) was reduced and the relative number
of sperm (cauda) increased. Long-term exposure induced an increase in
the frequencies of stages I–IV and V–VI and decreased the stages
VII–VIII and IX. The number of Sertoli cells was reduced in both ex-
posures.

The reduction of caput/corpus weight observed in the short-term
exposure group may be the result of the accelerated transit time in this
epididymal unit, which promoted the release of spermatozoa. However,
there was also a reduction in the cauda epididymis weight, even with
the increased number of spermatozoa. MET has the potential to inter-
fere with the cholinergic system [8] and promote acetylcholinesterase

Fig. 3. Frequency of testicular transverse sections (stages I-IV (A), V-VI (B), VII-VIII (C), IX (D), X-XI (E) and XII (F) of the seminiferous epithelium) of adult Swiss
mice orally treated for 15 (Control: n = 8; MET: n = 9) and 50 (Control: n = 10; MET: n = 11) days with methamidophos 0.004 mg.kg−1. Values are mean±
standard deviation. Asterisk indicates a significant difference from control. Hash indicates a significant difference between 15 and 50 days of MET treatment.
Factorial ANOVA and Tukey post-test (* P<0.05, ** P<0.001, # P<0.05).
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(AChE) inhibition (being considered an AChE inhibitor (AChEI)), thus
increasing the supply of acetylcholine (ACh) in the muscarinic and ni-
cotinic synapses (Fig. 6), which causes OP poisoning [22]. Additionally,
studies suggest that both acute and chronic OP intoxication disrupt the
redox processes, changing the activities of antioxidative enzymes and
causing enhancement of lipid peroxidation in several organs, leading to
tissue damage due to AChE inhibition [23,24].

On the other hand, an increase was observed in the epididymis
(caput/corpus and cauda) and seminal vesicle weights following long-
term exposure when compared to short-term exposure. This may be
related to the downregulation process. It is known that chronic stimu-
lation of muscarinic receptors (mAChR) induces receptor down-
regulation, resulting in loss of cellular response to future agonist sti-
mulations in cultured cells [25]. Thus, a decrease in receptor density
may be responsible for the weight increase observed in this study.
Furthermore, downregulation may have occurred in the vas deferens
musculature and hindered ejaculation, since mAChR are expressed in
the vas deferens of rodents [26,27]. This event, in turn, may have
promoted the accumulation of spermatozoa in the epididymides, re-
sulting in the increased weight of this tissue observed after long-term

exposure. However, little is known about the mechanisms underlying
the events involving MET and mAChR in the male reproductive tract
and the consequences for male fertility.

Exposure to MET caused significant changes in spermatogenic ki-
netics. Studies with other OP have shown that rodent spermatogenesis
stages are sensitive to the action of these substances [28,29]. In the
present study, the mitotic stages V–VI and IX were more susceptible to
the action of MET following short-term exposure to 0.004 mg.kg−1,
whereas long-term exposure accentuated the mitotic alterations, with
an increase in stages I–IV and V–VI, and a reduction in stage IX. Long-
term treatment also reduced the spermiation stages (VII–VIII), which
are essential in the dynamics of spermatogenesis. Spermiation is the
final stage of spermatogenesis and involves the release of the sperma-
tozoa from the Sertoli cell into the lumen of the seminiferous epithe-
lium. This process is also related to the transfer of spermatozoa to the
epididymis [30]. The reduction of these stages results in there being less
spermatozoa available for fertilization. Farag et al. [15] reported a re-
duction in spermatozoa in mice treated with high doses of MET (2.0 and
3.0 mg.kg−1 for 4 weeks).

The effects of MET on spermatogenic dynamics may be the result of
a direct action of this pesticide on the germinal epithelium. Previous
studies have shown that sperm cells at different stages of spermato-
genesis are a target of OP exposure, particularly their nuclei. In rats, the

Fig. 4. Number of Sertoli cells with evident nucleoli per section of seminiferous
tubules at stage XII of adult Swiss mice orally treated for 15 (Control: n = 8;
MET: n = 9) and 50 (Control: n = 10; MET: n = 11) days with methamidophos
0.004 mg.kg−1. Values are mean± standard error. Asterisk indicates a sig-
nificant differences from control. Factorial ANOVA and Tukey post-test (**
P<0.001).

Table 1
Testicular sperm counts and daily sperm production of adult Swiss mice orally
treated for 15 and 50 days with methamidophos 0.004 mg.kg−1 (methamido-
phos group) and control group.

Parameters Frequency

Control Methamidophos

15 (n =
7)

50 (n =
7)

15 (n = 7) 50 (n = 7)

Sperm count in the testis
Spermatid number

(x106/organ)
15.6±
2.3

18.4±
2.7

21.2± 3.2 16.6±1.6

Relative spermatid
number
(x106/g of organ)

126.8±
17.5

155.6±
25.6

182.8±
28.2

141.4±
15.8

Daily sperm production
(x106/testis/day)

3.2± 0.5 3.8±0.6 4.4± 0.7 3.4± 0.3

Relative daily sperm
production
(x106/testis/g/day)

26.2±
3.6

32.2±
5.3

37.8± 5.8 29.2±3.3

Values are mean± standard error (P>0.05). Not statistically significant ac-
cording to Factorial ANOVA.

Fig. 5. Sperm transit time in the caput/corpus epididymis (A) and relative
sperm number in the cauda epididymis (B) of adult Swiss mice orally treated for
15 (Control: n = 7; MET: n = 8) and 50 (Control: n = 7; MET: n = 6) days with
methamidophos 0.004 mg.kg−1. Values are mean± standard error. Asterisk
indicates a significant difference from control. Hash indicates a significant
difference between 15 and 50 days of MET treatment. (A) Factorial ANOVA and
Tukey post-test, (B) GLZ (Poisson, Identity), * P<0.05, ** P<0.001, #

P<0.001.

R.K.d. Carvalho, et al. Reproductive Biology 20 (2020) 357–364

361



fungicide carbendazim appears to target pachytene spermatocytes and
spermatozoa at step 14 of spermatid differentiation at the time of first
exposure [31]. Damage to the sperm DNA of mice treated in-
traperitoneally with MET at doses of 3.75–7.0 mg.kg−1 for 4 days has
been observed [16,17].

Other OP, such as the insecticides diazinon [32] and methyl-para-
thion [33,34] have shown the ability to cause changes in chromatin and
DNA integrity and the potential of mitochondrial spermatozoa. One of
the most well-known mechanisms of OP toxicity is protein phosphor-
ylation [35]. Diazinon phosphorylated nuclear sperm proteins (prota-
mines) in mice, thus altering the structure of sperm chromatin [32]. The
ability of MET to phosphorylate proteins in spermatozoa was also
evaluated. Urióstegui-Acosta et al. [17] reported sperm phosphoryla-
tion (in serine and tyrosine residues) in adult male mice treated with
MET. Therefore, these changes in proteins may explain some of the
effects observed in the spermatogenesis stages of mice exposed to MET.

It is important to note that, as the treatment period was increased,
in addition to the changes in stages V–VI and IX, promoted by short-

term exposure, stages I–IV and VII–VIII also changed with treatment.
However, we did not find structural modifications of the germ epithe-
lium, for example, so the absence of this kind of alteration indicates that
the findings with long-term exposure to MET could be reversible.

Our results also showed that short- and long-term exposure to MET
reduced the number of Sertoli cells with evident nucleoli. It is known
that pesticides can directly affect Sertoli cells and promote morpholo-
gical and functional changes, resulting in the death of these cells
[36,37]. In fact, MET has the ability to promote apoptosis. He et al. [12]
reported that MET treatment promoted a significant increase in apop-
totic cells in the brain of zebrafish larvae. MET possesses both hydro-
philic and hydrophobic domains [10], so it is reasonable to expect that
this pesticide can pass through the blood-testis barrier by diffusion and
cause death of the Sertoli cells.

Somatic cells are crucial in the coordination of the multiple events
of spermatogenesis. Studies have shown that in the seminiferous epi-
thelium, each Sertoli cell transports micronutrients to support germ cell
development [38]. They send signals between germ cells to accurately
regulate cell cycle progression through the process of mitotic renewal of
spermatogonia, meiosis, spermiogenesis, germ cell movement through
the epithelium, and degenerate germ cell apoptosis [39,40]. Therefore,
it is possible that the disturbances in spermatogenic dynamics observed
in this study may have been caused by the direct action of MET on
Sertoli cells.

In the evaluation of testicular sperm counts and DSP, no differences
between MET-treated mice and the control group were observed. These
results are consistent with the normal testes weight. However, it is in-
teresting to note that both the relative number of mature spermatids
and relative DSP were higher (44 %) in the MET group compared to the
control group during short-term exposure. Our data showed that the
mitotic stages (responsible for sperm cell proliferation) are more sus-
ceptible to short-term MET exposure, evidenced by the elevated number
of stages V–VI (stages preceding spermiation). This result may explain
the increase in the testicular sperm counts and DSP in the short-term
exposure group.

An increase of about 23 % in the number of relative testicular
spermatids and relative DSP in the long-term control group was also
observed, when compared to the short-term control group. On the other
hand, the same analysis with MET time exposure showed an opposite
effect, a 23 % decrease. Although these results were not statistically
significant, our data showed that long-term MET exposure promoted a
reduction in stages VII–VIII, responsible for the release of spermatids,
which may explain this finding.

Our analyses showed that MET administration caused significant
epididymal changes. In fact, Urióstegui-Acosta et al. [16] reported that
the epididymis and epididymal sperm cells are targets of MET toxicity.
It is possible, therefore, that the sperm transit reduction in the caput/
corpus epididymis in MET-treated mice in the short-term exposure
group is a result of excess ACh in mAChR. These receptors are expressed
in different cell types in the epididymides of rodents and are involved in
the modulation of smooth muscle contraction and epithelial cell activity
[26,27]. Thus, hyperstimulation of the mAChR and cholinergic over-
load may have increased contractility and promoted the release of
spermatozoa from the epididymis. However, although not statistically
significant, the sperm number in the caput/corpus was 23 % lower in
the MET group (2.8±0.3) when compared to the control group
(3.7± 0.7) following short-course treatment. This reduction may also
have influenced the acceleration of sperm transit time.

Sperm transit time through the epididymides plays an important
role in the maturation of spermatozoa. They acquire the capacity for
progressive motility, and develop the ability to undergo the acrosome
reaction, becoming able to recognize and penetrate the female gamete
[41]. The acceleration of sperm transit time can harm normal sperm
maturation, thus reducing sperm quality and leading to fertility im-
pairment [42]. In turn, the speed of the spermatozoa release from the
caput/corpus epididymis can explain the increase in the relative sperm

Fig. 6. Events occurring before and after MET action. (1) An arriving action
potential depolarizes the presynaptic neuron; (2) Ca2+ ions enter the cyto-
plasm; (3) After a brief delay, acetylcholine (ACh) is released through the
exocytosis of synaptic vesicles; (4) ACh binds to muscarinic receptors (mAChR)
in the postsynaptic membrane and activates Gq protein. This event increases
phospholipase C (PLC) activity, which degrades membrane phospholipids into
inositol triphosphate (IP3) and diacylglycerol (DAG). IP3 leads to release of
intracellular Ca2+. DAG has a role in the late (tonic) phase of the cell response;
(5) In the nicotinic receptors (nAChR), ACh promotes a graded depolarization
of postsynaptic membrane with Na+ input. This event results in cell response;
(6) ACh action ceases when it is broken down into acetate and choline by
acetylcholinesterase (AChE) enzyme; (7) Choline reuptake occurs from the sy-
naptic cleft into the presynaptic neuron, being used to synthesize new mole-
cules of ACh; (8) Methamidophos (MET) inhibits AChE and prolongs duration of
ACh at the synaptic terminals.
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count of the cauda epididymis following short-term exposure to MET,
which may also have prevented an additional reduction in the weight of
this tissue, as discussed earlier.

Finally, changes in the epididymal transit may be indirectly re-
sponsible for the spermatogenic effects produced by short-term ex-
posure to MET. An increase in the speed of sperm transit through the
caput/corpus epididymides promotes a paracrine signal to the testes,
thereby affecting the spermatogenic dynamic, as was observed.

The present study has a number of limitations. The first being the
absence of measurements of FSH and LH levels, as well as information
on metabolic proteins/mRNA levels (e.g., Insl3, Star, Hsd3b1, Hsd17b3,
Cyp11a1). Second, the use of immunostaining to count Sertoli cells
could have been a useful addition to the study. Unfortunately, due to
the current exceptional public health situation relating to Covid 19, as
well as the lack of technical availability, we were not able to perform
these analyses in the current study, but will certainly undertake this in
future studies.

5. Conclusion

In summary, our results indicate that short- and long-term exposure
to methamidophos, even at an acceptable daily intake dose, induced
changes in the somatic and spermatogenic parameters of adult mice.
The epididymal transit time was also modified after short-term treat-
ment. Although these changes did not significantly affect daily sperm
production, the sperm quality may have been impaired due to the al-
terations found, which may result in male infertility. This shows that
the decision to prohibit methamidophos use and marketing in some
countries was prudent. However, where the use of this organopho-
sphate is still permitted, there is a need for awareness and adequate
technical advice about its use, and effective policies to regulate its su-
pervision, control, and monitoring to avoid the possible toxic effects in
the general population.
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