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ABSTRACT

The study investigated effect of melatonin (MEL) on reproductive indices in untreated females mated with F1 male rats exposed in utero
and via lactation to mixture of chlorpyrifos (CPF) and cypermethrin (CYP), and in the resulting F2 male rats. Sixty pregnant dams
obtained via overnight mating of 72 nulliparous females with sexually mature males in a 1:1 mating scheme were divided into 6 groups
of 10 animals each. Groups | (DW), Il (S/oil) and Il (MEL) were given distilled water (2 ml/kg), Soya oil (2 ml/kg) and melatonin (0.5 mg/kg)
only, respectively, while group IV (CC) was co-administered with CPF (1.9 mg/kg) and CYP (7.5 mg/kg). Group V (MCC) was pretreated with
MEL (0.5mg/kg) and then co-exposed to CPF (1.9mg/kg) and CYP (7.5 mg/kg), 30 minutes later. Group VI (CCM) was co-exposed to CPF
(19mg/kg) and CYP (7.5mg/kg) and then treated with MEL (0.5 mg/kg) 30 minutes later. The regimens were administered by gavage
once daily from gestation day 1 to postnatal day (PND) 21. The dams were allowed to deliver normally and the males F1 generation
obtained from them was allowed to mate nulliparous females at PND 80 overnight in a ratio of 1:1 and some reproductive indices
were thereafter evaluated. The mated females were evaluated for mating index, fertility index, gestation index and gestational length,
while the resulting F2 male rats were evaluated for live birth index, viability index and sex ratio. The results revealed decreased mean
gestational length, viability index and sex ratio in the CC group (p<0.05) relative to that of the other groups. Although not significant
(p>0.05), the mating, gestation (pregnancy), fertility and live birth indices in the CC group were relatively lower when compared to that
of other treated groups. In conclusion, alterations of reproductive indices from mating of nulliparous females with F1 male rats exposed
in utero and via lactation to mixture of CPF and CYP were mitigated by melatonin.
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Introduction

Insecticides are deliberately designed to be toxic and to ~ Levin, 2017). Increase in resistance to chemical pesticides
effectively kill target insect species. Unfortunately, they =~ by pests has necessitated the production of insecticide
also have off-target toxic effects that can harm other = mixture with different mechanism of action with resul-
species, including humans and animals (Abreu-Villaca &  tantincrease in potency and/or efficacy (Zhou et al., 2011;
Zhang et al., 2017). However, this has come with its atten-
dant effect on the target and non-target organisms and
the environment. The adverse effect posed by pesticide
mixture is still emerging.
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(Carroll et al., 2005) with some of them entering recently
treated farms, sometimes while pregnant (Ambali ef al.,
2009). Pesticides exposure during pregnancy is a major
issue since this pesticide readily crosses the placenta
(Abdel-Rahman et al., 2002) and, as such, has the potential
to cause adverse health consequences on the developing
organism. Similarly, the ubiquitous nature of pesticides
makes its exposure plausible to the general populations,
including nursing mothers, who may also expose the
neonates to the pesticides via milk. This poses threat to
the health and wellbeing of the developing fetus, which
may eventually cause some impairment later in adult life.
Pesticides penetrate maternal and paternal reproductive
tissues and organs, which provides pathway for initiating
harm to their offspring even before fertilization and up
to gestation and lactation (Colborn & Carrol, 2007). The
spermatozoa are highly vulnerable to the adverse effects
of pesticides (Perry et al., 2011; Marteniesa & Perry, 2013)

Chlorpyrifos (CPF) (0-0-diethyl-0-3,4,6-trichloro-2-
pyridyl phosphorothionate) is one of the most extensively
used organophosphate (OP) insecticide in agricultural
and domestic pest control worldwide (Guardia-Escote et
al., 2018). It was first marketed in USA in 1965 and its use
has increased rapidly, in part due to banning of chlordane
for termite control in 1988 (Steenland et al., 2000). Like
other OP insecticides, the main mechanism of systemic
toxicity is due to inhibition of acetylcholinesterase
(AChE) resulting in cholinergic toxicity (Eaton et al.,
2008). However, toxicity has been recorded at doses that
do not affect AChE activity or long after restoration of
its activity (Saulbury et al., 2009), prompting the search
for alternative mechanisms. Oxidative stress is one of the
other molecular mechanisms implicated in CPF poison-
ing (Ambali & Aliyu, 2012).

Cypermethrin (CYP) is a class II synthetic pyrethroid
with a wide range of application in agriculture, forestry,
domestic, horticulture and veterinary medicine (Yavasoglu
et al., 2006). Its use has increased tremendously due to
high bioefficacy, enhanced stability and considerably low
mammalian toxicity (Yavasoglu et al., 2006) compared to
the organochlorines. Apart from the inhibition of central
neurotransmission through prolongation of sodium
ion channels in the nerve cell membrane, the induction
of oxidative stress has also been implicated in its toxicity
(Wielgomas & Krechniak, 2007).

Oxidative stress, which damages biomolecules in the
body through redox imbalance, has been implicated in the
toxicity associated with OPs (Ambali et al., 2010; Shittu
et al., 2012), pyrethroids (Wielgomas & Krechniak, 2007)
and their mixtures (El-Demerdash, 2011a, b). However,
during oxidative stress, the protective/neutralizing
antioxidant systems are overwhelmed due to increased
ROS generation. Therefore, to overcome this challenge
of excessive oxidant production, supplementation with
exogenous antioxidant molecules becomes imperative
(Ambali et al., 2012).

Melatonin (N-acetyl-5-methoxytriptamine) is a
hormone produced from the pineal gland during the
dark phase of the circadian cycle and it is also a highly
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conserved antioxidant molecule (Reiter et al., 2010). It
plays significant role in many body processes including
control of reproductive functions, modulation of immune
system activity, inhibition of tumorigenic processes and
inhibition of oxidative stress (Hardeland et al., 2009). Its
role as an antioxidant and free-radical scavenger (Lekic
et al., 2010) and its involvement in the enhancement of
body antioxidant systems have been well documented
(Olukole et al., 2018; Pang et al., 2018).

One of the consequences of exposure of non-target
organism to insecticide mixture is the adverse reproduc-
tive outcome. Indeed, exposure to pesticide mixture has
been implicated in varying reproductive deficits involv-
ing sperm qualities and anomalies in male reproductive
organs (Rim, 2017). Exposure to variety of insecticides,
even in trace amounts, has been shown to cause adverse
health consequence in both males and females includ-
ing infertility, increased mortality of offspring, and
behavioral changes (Russel et al. 1987; Berteau et al. 1989;
Prendergast et al. 1989). Cypermethrin (Singh et al.,
2020), CPF (Zhang et al., 2020) and their combination
(Alaa-Eldin et al., 2017) have been reported to adversely
affect reproductive functions. In addition, a study has
shown that mating of pesticides exposed male rats with
non-exposed females have adverse effect on reproduc-
tive outcomes and fetal viability (Elbetieha et al., 2001).
Since oxidative stress has been shown to be central to the
pathophysiology of insecticides-induced adverse health
consequence, the present study was therefore aimed
at evaluating the effect of melatonin on reproductive
indices in nulliparous female rats mated with F1 male rats
exposed in utero and via lactation to mixture of CPF and
CYP and in the resulting F2 male rats. We hypothesize
that melatonin will not mitigate the reproductive indices
in female rats mated with F1 male rats exposed in utero
and via lactation to mixture of CPF and CYP and in the
resulting F2 male rats.

Materials and methods

Experimental animals

Seventy-two (72) healthy adult nulliparous female and
72 male Wistar rats weighing between 140-160g used
for this experiment were obtained from the Laboratory
Animal House of the Department of Veterinary
Pharmacology and Toxicology, Ahmadu Bello University,
Zaria, Nigeria. The animals were housed in the
Department of Veterinary Anatomy Research Laboratory,
Ahmadu Bello University, Zaria, Nigeria. They were fed
pellets made from grower’s mash (Vital Feeds Ltd., Jos,
Nigeria). They were given access to water ad libitum
and acclimatized to the laboratory environment for two
weeks prior to use.

Chemicals

Commercial grade Chlorpyrifos (20% E.C. TERMICOT",
Sabero Organics, Gujarat, India) and Cypermethrin
(10% EC, GLOBATHRIN', Heranba Industries Limited,



Vapi, India) were obtained from a reputable agrochemical
outlet in Kaduna, Nigeria. Melatonin (MEL, 3 mg/Tablet,
Nature Made Nutritional Product, USA) was obtained
from a reputable pharmaceutical outlet in Ilorin, Nigeria.
Soya oil (Grand Pure Soya Oil, Grand Cereals Limited,
Jos, Nigeria) was obtained from a sale outlet in Zaria,
Nigeria.

Sample preparation

Chlorpyrifos (CPF) was dissolved in S/oil to make a
1% working solution, while cypermethrin (CYP) and
melatonin (MEL) were dissolved in distilled water to
make 1% and 1.5mg/2 ml concentrations, respectively.

Animal breeding and dosing protocol

Seventy-two sexually mature female nulliparous Wistar
rats weighing between 140-160 g were bred with 72 adult
males to obtain 60 pregnant animals after being mated
overnight in a 1:1 mating scheme, based on guidelines on
reproductive toxicity study No 421 of the Organization
for Economic Co-operation and Development (OECD)
(OECD, 1995). Evidence of mating was assessed in each
female animal by the presence of spermatozoa deposit in
the vagina or the presence of vaginal plug. Day 1 of gesta-
tion was regarded as the day copulation plug/spermatozoa
were found in the vagina. The sixty pregnant dams
were thereafter weighed and assigned at random into
6 groups of 10 animals each. Group I (DW) was given
distilled water (2 ml/kg), while group II (S/oil) was given
Soya oil only (2ml/kg). Group III (MEL) was dosed MEL
(0.5 mg/kg [Umosen et al., 2012)]) only, while group IV
(CC) was co-administered with CPF (1.9 mg/kg, 1/50th of
the LD5, (Shittu, 2018) and CYP (7.5 g/kg, 1/50th of the
LDg (Shittu, 2018). Group V (MCC) was pretreated with
MEL (0.5mg/kg) and then co-exposed to CPF (1.9 mg/kg)
and CYP (7.5 mg/kg), respectively, 30 minutes later. Group
VI (CCM) was co-exposed to CPF (1.9 mg/kg), and CYP
(7.5 mg/kg) respectively, and thereafter treated with MEL
(0.5mg/kg), 30 minutes later. The regimens were admin-
istered to the dam by gavage once daily from gestation day
1 (GD 1) to postnatal day (PND) 21. The dams delivered
normally. At PND 80, the F1 generation male rats from
each group (n=10) were cohabited with nulliparous
females overnight in a 1:1 mating scheme. The pregnant
dams were evaluated for reproductive indices comprising
of gestational length, mating index, fertility index and
gestation (pregnancy) index while the F2 generation rats
from each group (n=10) were evaluated for live birth index,
sex ratio and viability index as described by United States
Environmental Protection Agency (1996). The study was
conducted in accordance with international guidelines
for animal welfare.

Male mating index: The male mating index was calcu-
lated as follows: Number of males mated/Number of
males cohabitated x 100.

Fertility index: This parameter was assessed by recording
the number of dams that were apparently pregnant at
gestation day 14 in order to be sure of state of pregnancy
after an overnight cohabiting with males and calculated
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as follows: Number of co-habited females pregnant/
Number of non-pregnant couples co-habited x 100.
Gestation (pregnancy) index: This was assessed by
counting the number of females that delivered live pups
at parturition and the number of females with evidence
of pregnancy after co-habitation. It was calculated as
follows: Number of females that delivered live young/
Number of females with evidence of pregnancy co-
habited x 100.

Gestational length: This was evaluated based on the num-
ber of days between establishment of pregnancy (GD 1)
and the day of parturition.

Live birth index: Live birth index was determined at the
end of gestation period of the co-habited females with
the male animals in the F1 generation. This was done
by visual counting of the number of live offspring (F2)
littered by individual dam versus the total number of
offspring delivered. It was calculated as follows: Number
of live offspring/ Number of offspring delivered x 100.
Viability index: This index was determined by counting
the number of F2 litters that were alive at PND 4 relative
to those that were delivered and then calculated as fol-
lows: Number of live offspring at lactation day 4/ Number
of live offspring delivered x100.

Sex ratio: This parameter was determined at the end of
gestation period of the cohabited F1 male generation and
sexually mature female. This index was determined by
measuring the anogenital distance of each of the result-
ing F2 pups with a vernier caliper and then calculated
as follows: Number of male offspring/Number of female
offspring x 100.

Data analysis

All data obtained were expressed as mean + standard
error of mean (+SEM) and subjected to one-way analysis
of variance (ANOVA), followed by Tukey’s post-hoc test
to determine significance of the differences in the mean
of the parameters obtained between various experimental
groups. Graphpad Prism version 4.0 for windows (2003)
from Graphpad Prism software, San Diego, Califonia
(www.grapphpad.com) was used. Values of p<0.05 were
considered significant.

Results

Effect of treatments on mating index
There was no significant (»p>0.05) change in the mating
index in between the groups. However, the mating index
in the CC group was comparatively lower relative to that
of the DW (15%), S/oil (18%), MEL (18%), MCC (17%) and
CCM (18%) groups (Figure 1).

Effect of treatments on fertility index

There were no significant differences (p>0.05) in the
fertility index in between the groups. However, the mean
fertility index in the CC group decreased relative to that
of the DW (17%), S/oil (18%), MEL (18%), MCC (18%) and
CCM (15%) groups, respectively (Figure 2).

Copyright © 2020 SETOX & Institute of Experimental Pharmacology and Toxicology, CEM SASc.
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Effect of treatments on gestation (pregnancy) index
Although there were no significant changes (p>0.05) in
between the groups, the gestation (pregnancy) index in
the CC group was relatively lower when compared to
that of DW (17%), S/oil (18%), MEL (17%), MCC (18%) and
CCM (16%) groups, respectively (Figure 3).
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Figure 1. Effect of gestational and lactational exposure to Distilled
water (DW), Soya oil (S/oil), Melatonin (MEL), Chlorpyrifos and Cyper-
methrin (CC), Melatonin + Chlorpyrifos + Cypermethrin (MCC) and

Chlorpyrifos + Cypermethrin + Melatonin (CCM) on mating index
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Figure 3. Effect of gestational and lactational exposure to Distilled
water (DW), Soya oil (S/oil), Melatonin (MEL), Chlorpyrifos and Cyper-
methrin (CC), Melatonin + Chlorpyrifos + Cypermethrin (MCC) and
Chlorpyrifos + Cypermethrin + Melatonin (CCM) on gestation index
(n=10).
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Figure 5. Effect of gestational and lactational exposure to Distilled
water (DW), Soya oil (S/oil), Melatonin (MEL), Chlorpyrifos and Cyper-
methrin (CC), Melatonin + Chlorpyrifos + Cypermethrin (MCC) and
Chlorpyrifos + Cypermethrin + Melatonin (CCM) on live birth index
(n=10).
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Effect of treatments on gestation length

There was a significant (p<0.05) reduction in the mean
gestational length in the CC treated group relative to that
of the DW, S/oil, MEL, and MCC groups. In addition,
there was a significant (p<0.05) increase in the gesta-
tion length in the S/oil group when compared to CCM
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Figure 2. Effect of gestational and lactational exposure to Distilled
water (DW), Soya oil (S/oil), Melatonin (MEL), Chlorpyrifos and Cyper-
methrin (CC), Melatonin + Chlorpyrifos + Cypermethrin (MCC) and
Chlorpyrifos + Cypermethrin + Melatonin (CCM) on fertility index
(n=10).
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Figure 4. Effect of gestational and lactational exposure to Distilled
water (DW), Soya oil (S/oil), Melatonin (MEL), Chlorpyrifos and Cyper-
methrin (CC), Melatonin + Chlorpyrifos + Cypermethrin (MCC) and
Chlorpyrifos + Cypermethrin + Melatonin (CCM) on gestational length
(n=10). 2p<0.05 versus DW, S/oil, MEL and MCC groups; Pp<0.05 versus

CCM group; p<0.05 versus MCC group.
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Figure 6. Effect of gestational and lactational exposure to Distilled
water (DW), Soya oil (S/oil), Melatonin (MEL), Chlorpyrifos and Cyper-
methrin (CC), Melatonin + Chlorpyrifos + Cypermethrin (MCC) and
Chlorpyrifos + Cypermethrin + Melatonin (CCM) on viability index
(n=10). 23p<0.05 versus DW, S/oil, MEL, MCC and CCM groups.



group. The mean gestation length in the CCM group
decreased significantly (p<0.05) relative to that of the
MCC group (Figure 4).

Effect of treatments on live birth index

There were no significant (p>0.05) changes in the live
birth index in between the groups. The mean live birth
index in the CC group decreased marginally by 17% when
compared individually to that of the DW, S/oil, MEL,
MCC and CCM groups (Figure 5).

Effect of treatments on viability index

There was a significant (p<0.05) decrease in the viability
index in the CC group, compared to that of the DW, S/oil,
MEL, MCC and CCM groups, respectively (Figure 6).

Effect of treatments on sex ratio

There was a significant (p<0.05) decrease in the mean sex
ratio between CC group relative to that of DW and MEL
groups. In addition, group co-exposed to CC decrease
significantly (p<0.01) in mean sex ratio when compared
to the S/oil and MCC groups (Figure 7).

Discussion

Studies have shown that male factors account for 40%—50%
of infertility in human (Hirsh, 2003; Brugh & Lipshultz,
2004). Erectile dysfunction, as one of the major problems
contributing towards male infertility, afflicts as much as
10% of the male population (Read, 1999). It has also been
reported that pesticides may cause erectile dysfunction
(Soliman et al., 2008). The present study showed that the
group exposed to the insecticide mixture had the least
mating index, which may be partly due to erectile dysfunc-
tion. This may be due to the antiandrogenic effect of the
insecticide mixture. Chlorpyrifos (Shittu, 2018; Shittu ez
al., 2014) and CYP (Umosen & Uchendu, 2014) are known
to alter sex hormone concentration via oxidative injury to
the pituitary gland (Shittu et al., 2012), therefore affect-
ing FSH and LH that regulate the number of Leydig cells
and consequently testosterone secretion (Ramaswamy
& Weinbauer, 2014). Testosterone, the male hormone, is
the major driver of male reproductive development and
function (Kaur et al., 2015), and therefore any interfer-
ence with its secretion will interfere with sexual potency.
The improvement in mating index in group pretreated
with MEL may be ascribed to apparent increase in tes-
tosterone concentration, as demonstrated by our earlier
study (Shittu, 2018). Melatonin promotes and modulates
testosterone concentration through increased endocrine
activity in Leydig cells (Deng et al., 2018; Yu et al., 2018)
and its antioxidant properties.

One of the challenges currently ravaging human race
is infertility and subferitility, a situation that has been
exacerbated by environmental contaminants including
pesticides (Sengupta & Banerjee, 2014; Chiang et al.,
2017). Indeed, OPs (Peiris-John & Wickremesinghe,
2008; Shittu et al., 2013) and pyrethroids (Jurewicz et
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Figure 7. Effect of gestational and lactational exposure to Distilled
water (DW), Soya oil (S/oil), Melatonin (MEL), Chlorpyrifos and Cyper-
methrin (CC), Melatonin + Chlorpyrifos + Cypermethrin (MCC) and
Chlorpyrifos + Cypermethrin + Melatonin (CCM) on gestational length
(n=10). 23p<0.05 versus DW and MEL groups; Pp<0.05 versus S/oil and
MCC groups.

al., 2014; Umosen & Uchendu, 2014) have been shown
to adversely alter reproduction. In the present study,
the decrease in fertility index in the F1 male rats in the
CC group may be due to testicular damage and sperm
abnormalities with respect to concentration, morphology
and progressive motility (Shittu, 2018), apparently due to
oxidative injury to spermatozoa and testes resulting from
in utero and lactational exposure to mixture of CPF and
CYP. Furthermore, oxidative damage to the testes may
have also been partly responsible for the lower fertility
index of the F1 male rats. The male testes are involved
in spermatogenesis and synthesis of sexual hormones.
These two functions work in collaboration with hypo-
thalamus-pituitary-gonadal axis (Bretveld et al., 2007).
Any alteration in the complex regulation of hormone
production and spermatogenesis can result in impair-
ment or cessation of spermatogenesis leading to infertility
(Sharma & Goyal, 2014). Melatonin, in the present study,
improved fertility index adversely altered by the pesticide
mixture, partly due to its antioxidant and free radical
scavenging effect. Furthermore, Mel has been shown to
directly influence the hypothalamo-pituitary-gonadal
axis, as melatonin receptors (MT1 and MT2) have been
identified in hypothalamic neurons governing the release
of pituitary gonadotrophs (Dubocovich & Markowska,
2005) in gonadotropins of the anterior pituitary (Balik et
al., 2004) and in both female and male gonads (Woo et
al., 2001; Frungieri et al., 2005) as well as in the reproduc-
tive adnexae (Ekmekcioglu, 2006). Although MT1 and
MT?2 receptors have been identified in testicular cells,
particularly in Leydig cells (Izzo et al., 2010), it is MT2
receptor that is responsible for enhancement of sperm
capacitation. Melatonin also regulates testicular growth
and testosterone production in testicular cells (Frungieri
et al., 2005). Melatonin stimulates flagellar motility,
which is required for successful penetration of the zona
pellucidum, hence fertilization of the egg (Reiter et al.,
2009). Anti-apoptotic potentials of melatonin contribute
to prolongation of sperm survival (Fernando & Rombauts,
2014), hence successful fertilization.

Copyright © 2020 SETOX & Institute of Experimental Pharmacology and Toxicology, CEM SASc.
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The present study revealed that cohabitation of F1
male rats from dams co-exposed to CPF and CYP with
untreated females resulted in an apparent decrease in ges-
tation or pregnancy index. This shows that many mated
females were not able to carry the pregnancy through
to parturition, partly due to morphological defect in
the spermatozoa of the F1 male (Shittu, 2018). Genetic
defects in male germ cells have been shown to allow fer-
tilization but results in early embryonic death (Hjollund
et al., 2004). Although the present study did not evaluate
the effect of the pesticide mixture on germ cell, an ear-
lier study by Recio et al. (2001) demonstrated that OP
insecticides significantly increased sperm chromosome
nullisomy involving the sex chromosomes. Therefore,
this abnormality in sperm chromosome, which may have
contributed to morphological defect in the spermatozoa
of F1 male rats co-exposed to CPF and CYP (Shittu, 2018),
might have led to increased embryonic death, hence low
gestational index in the female rats cohabited with F1
male rats. Melatonin has been shown in this study to
improve the gestation index in dams mated by F1 male
rats gestationally and lactationally exposed to CPF and
CYP and this may be partly due to its antioxidant and
anti-apoptotic effect.

The present study has shown that breeding of untreated
female rats with F1 male rats that have been exposed to
CPF and CYP in utero and via lactation caused shorten-
ing of the gestational length, hence pre-term delivery.
This may be apparently due to male factor, since that was
the sex that was exposed to the insecticide combination.
This decrease in gestational length may be attributed to
the fertilization of female ova by defective sperm cells,
probably due to defect in the genetic composition of the
sperm caused by insecticide-induced oxidative injury.
In addition, contamination of the conceptus by the pes-
ticides may have trigger prenatal stress, which is known
to reduce gestation length (Paris et al., 2011). In utero
exposure to OP pesticides has been shown to shorten
duration of gestation (Eskenazi et al., 2004), a situation
the authors attributed to depression of AChE activity,
which causes increased acetylcholine concentration that
stimulates contraction of the uterus. Pretreatment with
MEL normalized the gestation length, hence prevented
the pre-term delivery. This may be linked to the ability of
MEL to protect spermatozoa from genetic damage due to
its antioxidant effect. A decrease in the live birth index in
the female mated by the F1 rats exposed to the pesticide
mixture has been reported only in the current study. This
may be related to the oxidative stress-induced increase in
morphological alterations of sperm cells, thereby causing
a defective and non-viable F2 generation. The outcome of
the present study has been corroborated by finding from
a study by Garry et al. (2002) in humans that showed
a decrease in the number of live birth index caused by
increased frequency of pregnancy loss through miscar-
riage, prematurity, or still-birth in the spouses of applica-
tors exposed to mixtures of pesticides. Improvement in
the live-birth index in the MEL groups may be ascribed
partly to the antioxidative effect of melatonin as it
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stabilizes the integrity of the DNA (Ostgen et al., 2019)
and create favorable environment for fertilization, blas-
tocyst formation and embryogenesis (Pang et al., 2018).

The present study recorded a decrease in viability
index in group exposed to insecticide mixture. This is
consistent with the findings from previous studies in
pups following in utero CPF exposure (Morgan & El-Aty,
2008; Shalaby et al., 2013). The obtained result may be
due to pesticides associated development disorders that
cause non viability of the offspring sired by insecticide
exposed male rats.

Numerous studies have shown that prenatal and
neonatal exposure to pesticides affect the survivability of
the offspring (Recio et al., 2001; de Castro & Chiorato,
2007). Bell et al. (2001) reported an increased risk of fetal
death due to congenital anomalies when synthetic pyre-
throids were used in the same township, range, or section
during the 3rd to 8th week of pregnancy. The reduction
in pups’ viability recorded in the current study may be
partly related to defective spermatozoa of the F1 males
that were exposed to the pesticide mixture via in utero
and lactation. The union of the defective spermatozoa
and the eggs from the ova of untreated dams may have
resulted in production of defective F2 conceptus, hence
non-viable pups. Pretreatment by melatonin has shown,
in this study, to restore the pups’ viability index altered by
the pesticide mixture partly due to its antioxidant and free
radical scavenging effect. Antioxidants have been shown
to neutralize the free radical produced by the pesticide
mixture and prevent damage to DNA, lipids, proteins,
and other biomolecules (Trushina & McMurray, 2007)
thereby preventing free-radical induced fetotoxicity.

The sex ratio, which is the ratio of male to female off-
spring, may be a simple and non-invasive way to monitor
the reproductive health of a population. Astolfi & Zonta
(1999) noted a trend towards a declining proportion of
male births in many industrialized countries, a develop-
ment partly attributed to chemical contaminants includ-
ing pesticides. Alteration in sex ratio is one of the adverse
reproductive outcomes that have been partly attributed
to increased chemical abundance and exposure (Terrell
et al., 2011). The present study revealed a decreased sex
ratio in the CC group, which was indicative of the presence
of more females than males. Huang and Li (2014) reported
adecrease in male to female ratio following maternal expo-
sure of rats to CYP. Studies have also reported a decrease
in sex ratio of children born to pesticide manufacturers
and applicators (Ryan et al., 2002; Figa-Talamanca et al.,
2003). Decrease in the sex ratio in the CC group may also
be attributable to effect of both pesticides on the gene
responsible for sex determination or gender differentia-
tion during embryogenic development. Mammalian off-
spring sex ratios can be biased via prenatal mechanisms,
including sperm selection and sex-specific embryo loss
(Beery & Zucker, 2012). Therefore, the increased number
of female births in the CC group may also be associated
with high number of defects in the spermatozoa that carry
the sex-determining chromosomes. Indeed, our earlier
study recorded poor semen quality in the spermatozoa of



F1 generation rats co-exposed in utero and via lactation to
CPF and CYP (Shittu, 2018). A study by Bae et al. (2016)
reported that sperm defect is associated with excess
number of female births. Given that the Y chromosome
is the sex-determining chromosome in men, a study by
Eisenberg et al. (2011) in an infertile cohort of 185 men
undergoing a semen fluorescence in situ hybridization
(FISH) test from 2003 to 2010 in the United States showed
that poor semen quality, which was reflected by semen
volume, sperm concentration, and total motile sperm
count, significantly decreased the odds of having a Y
chromosome-bearing sperm. Garry et al. (2002) reported
a 21% decrease in the number of male children born to
male pesticide applicators. Epidemiological and reproduc-
tive analyses further revealed that more female children
were born to applicators with lower testosterone levels
(Bae et al., 2016). Shittu (2018) reported a lower testoster-
one concentration in F1 rats that were exposed to mixture
of CPF and CYP via in utero and lactation. From the
foregoing, the lower testosterone concentrations in the F1
male rats exposed to CPF and CYP in utero and via lacta-
tion may have been responsible for the fewer number of
male births in the F2 generation. The improvement in sex
ratio in favor of the male sex in the group pretreated with
melatonin may be partly due to its antioxidant and free
radical scavenging properties, which protect the pituitary
glands and the testes from insecticide-induced oxidative
injury, which may ordinarily impair optimal testosterone
secretion in the F1 male rats. Indeed, our earlier study has
shown an improved testosterone concentration in the F1
male rats in the group pretreated with melatonin before
exposure to mixture of CPF and CYP (Shittu, 2018).

Conclusion

In conclusion, melatonin was able to mitigate the adverse
reproductive indices in female rats mated with F1 male
rats exposed in utero and via lactation to mixture of CPF
and CYP and in the resulting F2 male rats, apparently due
to its antioxidant and free radical scavenging properties.

REFERENCES

Abdel-Rahman AA, Blumenthal GM, Abou-Donia SA, Ali FAF, Abdel-Monem
AE, Abou-Donia MB. (2002). Pharmacokinetic profile and placental transfer
of a single intravenous injection of [14C] chlorpyrifos in pregnant rats. Arch
Toxicol 76: 452-459.

Abreu-Villaca Y and Levin ED. (2017). Developmental neurotoxicity of suc-
ceeding generations of insecticides. Environ Int 99: 55-77.

Alaa-Eldin EA, El-Shafei DA, Abouhashem NS. (2017). Individual and com-
bined effect of chlorpyrifos and cypermethrin on reproductive system of
adult male albino rats. Environ Sci Pollut Res 24: 1532-1543.

Ambali SF, Abbas SO, Shittu M, Dzenda T, Kawu MU, Salami SO, Ayo JO.
(2009). Effects of gestational exposure to chlorpyrifos on implantation and
neonatal mice. J Cell Anim Biol 3(4): 050-057.

Ambali SF, Abubakar AT, Shittu M, Yaqub LS, Anafi SB, Abdullahi A. (2010).
Chlorpyrifos-induced alteration of hematological parameters in Wistar
rats: ameliorative effect of zinc. Res J Environ Toxicol 4: 55-66.

Interdiscip Toxicol. 2020;Vol. 13(3):97-105 | 103

Full-text also available online on PubMed Central

Ambali SF and Aliyu MB. (2012). Short-term sensorimotor and cognitive
changes induce by acute chlorpyrifos exposure: Ameliorative effect of vita-
min E. Pharmacologia 3(2): 31-38.

Ambali SF, Ayo JO, Shittu M, Kawu MU, Salami SO. (2012). Ameliorative Effect of
Vitamin E on Sensorimotor and Cognitive Changes Induced by Chronic Chlor-
pyrifos Exposure in Wistar Rats, Insecticides - Basic and Other Applications, (Dr.
Sonia Soloneski Ed.), InTech.

Astolfi P and Zonta LA. (1999). Reduced male births in major Italian cities.
Hum Reprod 14(12): 3116-3119.

Bae J, Kim S, Chen Z, Eisenberg ML, Louis GMB. (2016). Human semen quality
and the secondary sex ratio. Asian J Androl 18: 1-8.

Balik A, Kretschmannova K, Mazna P, Svobodova |, Zemkova H. (2004). Mela-
tonin action on neonatal gonadotrophs. Physiol Res 53(1): S153-S166.

Berteau PE, Knaak JB, Mengle DC, Schrider JB. (1989). Insecticide absorp-
tion from indoor surface. American Chemical Society, Washington DC,
ACS symposium series 382:315—326.

Beery AK and Zucker I. (2012). Sex ratio adjustment by sex-specific mater-
nal cannibalism in Hamsters. Physiol Behav 107(3): 271-276.

Bell EM, Hertz-Picciotto |, Beaumont JJ. (2001). A case-control study of pes-
ticides and fetal death due to congenital anomalies. Epidemiology 12(2):
148-156.

Bretveld R, Brouwers M, Ebisch I, Roeleveld N. (2007). Influence of pesticides
on male fertility. Scandinavian J Work Environ Health 33(1): 13-28.

Brugh VM and Lipshultz LI. (2004). Male factor infertility. Med Clin North Am
88:2367-2385.

Carroll D, Samardick RM, Bernard S, Gabbard S, Hernandez T. (2005). Findings
from the National Agricultural Workers Survey (NAWS) 2001-2002: A Demo-
graphic and Employment Profile of United States Farm Workers. Washington,
DC, US Department of Labor.

Chiang C, Mahalingam S, Flaws JA. (2017). Environmental contaminants af-
fecting fertility and somatic health. Semin Reprod Med 35(3): 241-249.

Colborn T and Carroll LE. (2007). Pesticides, sexual development, reproduc-
tion, and fertility: Current perspective and future direction. Hum Ecol Risk
Assess 13:1078-1110.

de Castro VLS and Chiorato SH. (2007). Effects of separate and combined ex-
posure to the pesticides methamidophos and chlorothalonil on the devel-
opment of suckling rats. Int. J. Hyg. Environ Health 210: 169-176.

Deng S-L, Wang Z-P, Jin C, Kang X-S, Batool A, Zhang Y, Li XY, Wang XX, Chen
SR, Chang CS, Cheng CY, Lian ZX, Liu YX. (2018). Melatonin promotes sheep
Leydig cell testosterone secretion in a co-culture with Sertoli cell. Therio-
genology 106: 170-177.

Dubocovich ML and Markowska M. (2005). Functional MT1 and MT2 melato-
nin receptors in mammals. Endocrine 27: 101-110.

Eaton DL, Daroff RB, Autrup H, Bridges J, Buffler P, Costa LG, Coyle J, McKhann
G, Mobley WC, Nadel L, Neubert D, Schulte-Hermann R, Spenser PS. (2008).
Review of the toxicology of chlorpyrifos with an emphasis on human expo-
sure and neurodevelopment. Crit Rev Toxicol $2: 1-125.

Eisenberg ML, Schembri M, Croughan MS, Walsh TJ. (2011). Fecundity and sex
ratio of offspring in an infertile cohort. Fertil Steril 96: 833-836.

Ekmekcioglu C. (2006). Melatonin receptors in humans: biological role and
clinical significance. Biomed Pharmacother 60: 97-108.

Elbetieha A, Da‘as SI, Khamas W, Darmani H. (2001). Evaluation of the toxic
potentials of cypermethrin pesticide on some reproductive and fertility
parameters in the male rats. Arch Environ Cont Toxicol 41: 522-528.

El-Demerdash FM. (2011a). Lipid peroxidation, oxidative stress and acetyl-
cholinesterase in rat brain exposed to organophosphate and pyrethroid in-
secticides. Food Chem Toxicol 49: 1346-1352.

El-Demerdash FM. (2011b). Oxidative stress and hepatotoxicity induced by
synthetic pyrehroids-organophosphate insecticides mixture in rat. J Envi-
ron Sci Health. Part C, Environ Carcin Ecotoxicol Rev 29(2): 145-158.

Eskenazi B, Harley K, Bradman A, Weltzien E, Jewell NP, Barr DB, Furlong CE,
Holland NT. (2004). Association of in Utero organophosphate pesticide ex-
posure and fetal growth and length of gestation in an agricultural popula-
tion. Environ Health Perspect 112(10): 1116-1124.

Fernando S and Rombauts L. (2014). Melatonin: shedding light on infertility?-
areview of the recent literature. J Ovarian Res 7: 98.

Figa-Talamanca I, Carbone P, Lauria L, Spinelli A, Ulizzi L. (2003). Environmen-
tal Factors and proportion of males at birth in Italy. Arch Environ Health
58(2): 119-124.

Copyright © 2020 SETOX & Institute of Experimental Pharmacology and Toxicology, CEM SASc.



104

Melatonin and reproductive deficits, pesticide mixture

Muftau Shittu, Suleiman Folorunsho Ambali, Joseph Olusegun Ayo, Mohammed Umaru Kawu

Frungieri MB, Mayerhofer A, Zitta K, Pignataro OP, Calandra RS, Gonzalez-
Calvar SI. (2005). Direct action of melatonin on Syrian hamster testes: mela-
tonin subtype 1a receptors, inhibition of androgen production, and inter-
action with local corticotropin releasing hormone system. Endocrinol 146:
1541-1552.

Garry VF, Harkins M, Lyubimov A, Erickson L, Long L. (2002). Reproductive
outcomes in the women of the red river valley of the North. I. The spouses
of pesticide applicators: Pregnancy loss, age at menarche, and exposures
to pesticides. J Toxicol Environ Health, Part A 65: 769-786.

Guardia-Escote L, Basaure P, Blanco J, Cabre M, Perez-Fernandez C, Sanchez-
Santed F, Domingo JL, Colomina MT. (2018). Postnatal exposure to chlor-
pyrifos produces long-term effects on spatial memory and the choliner-
gic system in mice in a sex-and APOE genotype-dependent manner. Food
Chem Toxicol 122: 1-10.

Hardeland R, Tan D, Reiter RJ. (2009). Kynuramines, metabolites of melatonin
and other indoles: the resurrection of an almost forgotten class of biogenic
amines. J Pineal Res 47(2): 109-126.

Hirsh A. (2003). Male subfertility. Br Med J 327: 669-672.

Hjollund NH, Bonde JP, Ernst E, Lindenberg S, Andersen AN, Olsen J. (2004).
Pesticide exposure in male farmers and survival of in vitro fertilized preg-
nancies. Hum Reprod 19(6): 1331-1337.

Huang C and Li X. (2014). Maternal cypermethrin exposure during the peri-
natal period impairs testicular development in C57BL male offspring. PloS
One 9(5): 96781.

Izzo G, Francesco A, Ferrara D, Campitiello MR, Serino |, Minucci S, d'Istria M.
(2010). Expression of melatonin (MT1, MT2) and melatonin-related recep-
tors in the adult rat testes and during development. Zygote 18(03): 257-
264.

Jurewicz J, Radwan M, Wielgomas B, Sobala W, Piskunowicz M, Radwan P, Bo-
chenek M, Hanke W. (2014) The effect of environmental exposure to pyre-
throids and DNA damage in human sperm. Syst Biol Reprod Med 61(1): 37—
43,

Kaur RP, Gupta V, Christopher AF, Bansa P. (2015). Potential pathways of pes-
ticide action on erectile function - A contributory factor in male infertility.
Asian Pac J Reprod 4(4): 323-333.

Lekic T, Hartman R, Rojab H, Manaeko A, Chen W, Ayer R, Tang J, Zhang JH.
(2010). Protective effect of melatonin upon neuropathology, striatal func-
tion and memory ability after intracerebral hemorrhage in rats. J Neu-
rotrauma 27(3): 627-637.

Marteniesa SE and Perry MJ (2013). Environmental and occupational pesti-
cide exposure and human sperm parameters: A systematic review. Toxicol-
ogy 307:66-73.

Morgan AM, EI-Aty AM. (2008). Reproductive Toxicity Evaluation of pest-
ban insecticide exposure in male and female rats. Toxicol Res 24(2): 137-
150.

Olukole SG, Ajani SO, Ola-Davies EO, Lanipekun DO, Aina OO, Oyeyemi MO,
Oke BO. (2018). Melatonin ameliorates bisphenol A-induced pertubations
of the prostates gland of adult male Wistar rats. Biomed Pharmacother
1005: 73-82.

Organisation for Economic Co-operation and Development (No. 421) (1995).
Reproduction /developmental toxicity screening test. Available from: cc-
vam.niehs.nih.gov/suppDocs/FedDocs/OECD/OECD_GL421.pdf.

Ostgen CA, Rosa CGS, Hartmann RM, Schemitt EG, Colares JR, Marroni NP.
(2019). Anti-inflammatory and antioxidant effect of melatonin on recovery
from muscular trauma induced in rats. Exp Mol Pathol 106: 52-59.

Pang Y-w, Jiang X-I, Zhao S-j, Huang Z-q, Zhu H-b. (2018). Beneficial role of
melatonin in protecting mammalian gametes and embryos from oxidative
damage. J Integr Agri 17(10): 2320-2335.

Paris JJ, Brunton PJ, Russell JA, Frye CA. (2011). Inmune stress in late pregnant
rats decreases length of gestation and fecundity, and alters later cognitive
and affective behaviour of surviving pre-adolescent offspring. Stress 14(6):
652-664.

Peiris-John RJ and Wickremasinghe R. (2008). Impact of low-level exposure
to organophosphate on human reproduction and survival. Trans R Soc Trop
Med and Hygiene 102(3): 239-245.

Perry MJ, Venners SA, Chena X, Liuc X, Tang G, Xing H, Barr DB, Xue X. (2011).
Organophosphorous pesticide exposures and sperm quality. Reprod Toxi-
col 31(1): 75-79.

Prendergast T, Pech B, Jackson RJ, Slagel T, Kizer KW, Lyman DO (1989) End
+/rin poisoning associated with taquito ingestion. Cal Morbid Mort Weekly
Rep 38:345-347.

ISSN: 1337-6853 (print version) | 1337-9569 (electronic version)

Ramaswamy S and Weinbauer GF. (2014). Endocrine control of spermatogen-
esis: Role of FSH and LH/testosterone. Spermatogenesis 4(2): €996025.

Recio R, Robbins WA, Borja-Aburto V, Moran-Martinez J, Froines JR, Hernan-
dez RM, Cebrian ME. (2001). Organophosphorous pesticide exposure in-
creases the frequency of sperm sex null aneuploidy. Environ Health Perspect
109(12): 1237-1240.

Read J. (1999). Sexual problems associated with infertility, pregnancy and
ageing. BrMed J 318: 587-589.

Reiter RJ, Manchester, LC, Tan DX. (2010). Neurotoxins: Free Radical Mecha-
nisms and Melatonin Protection. Curr Neuropharmacol 8(3): 194-210.

Reiter RJ, Tan DX, Manchester LC, Paredes SD, Mayo JC, Sainz RM. (2009) Mel-
atonin and reproduction revisited. Biol Reprod 81: 445-456.

Rim K-T. (2017). Reproductive toxic chemicals at work and efforts to protect
workers’ health: A literature review. Saf Health Work 8(2): 143-150.

Russel HH, Jackson RJ, Spath DP, Book SA. (1987). Chemical contamination of
California drinking water. West J Med 147: 615-62.

Ryan JJ, Amirova Z, Carrier G. (2002). Sex ratios of children of Russian pesti-
cide producers exposed to dioxin. Environ Health Perspect 110(11): A699—
A701.

Saulsbury MD, Heyliger SO, Wang K, Johnson DJ. (2009). Chlorpyrifos induces
oxidative stress in oligodendrocyte progenitor cells. Toxicology 259: 1-9.

Sengupta P and Banerjee R. (2014). Environmental toxins: alarming impacts
of pesticides on male fertility. Hum Exp Toxicol 33(10): 1017-1039.

Shalaby MA, Abo-El- Sooud K, Hamoda AA. (2013). Assessment of toxicity of
chlorpyrifos insecticide on fetuses and suckling pups of rats. Insight Ecol-
ogy 2(1): 1-7.

Sharma RK and Goyal AK. (2014). Agro-pesticides and andrology. Int J Pharm
Pharmaceut Sci 6(10): 12-19.

Shittu M, Ayo JO, Ambali SF, Fatihu MY, Onyeanusi BI, Kawu MU. (2012)
Chronic chlorpyrifos-induced oxidative changes in the testes and pituitary
gland of Wistar rats: Ameliorative effects of vitamin C. Pest Biochem Physiol
102: 79-85.

Shittu M, Olatunji AO, Ambali SF, Oyedepo IT, Kawu MU, Yusuf PO, Ishaku KP,
Isa H. (2014). Ameliorative effect of Hibiscus sabdariffa linn on subchronic
chlorpyrifos induced alterations in sex and thyroid hormone in male Wistar
rats. Am J Pharmacol Toxicol 9(1): 96-106.

Shittu M. (2018). Effects of melatonin on neuron-and reproductive toxicity in-
duced by in utero and lactational co-exposure to chlorpyrifos and cyperme-
thrin in male Wistar rats. PhD dissertation. Ahmadu Bello University, Zaria,
pp.503.

Shittu M, Ambali SF, Ayo JO, Fatihu MY, Sulaiman MM, Surakat LS. (2013). Eval-
uation of chronic chlorpyrifos-induced reproductive toxicity in male Wistar
rat: protective effects of vitamin C.J Exp Integr Med 3(1): 23-30.

Singh D, Irani D, Bhagat S, Vanage G. (2020). Cypermethrin exposure during
perinatal period affects fetal development and impairs reproductive func-
tions of F1 female rats. Sci Total Environ 707: 135945.

Soliman SS, Awad Allah AS, Ebied ZM. (2008). Erectile dysfunction in workers
chronically- exposed to pesticides and organic solvent in Damietta Gover-
norate. Mansoura J Forensic Med Clin Toxicol 16: 63-76.

Steenland K, Dich RB, Howell RJ, Chrislip DW, Hines CJ, Reid TM, Lehman E,
Laber P, Krieg Jr EF, Knott C. (2000). Neurologic function among termiticide
applicators exposed to chlorpyrifos. Environ Health Perspect 108(4): 293-
300.

Terrell ML, Hartnett KP, Marcus M. (2011). Can environmental or occupational
hazards alter the sex ratio at birth. Emerg Health Threats J 4: 7109.

Trushina E and McMurray CT. (2007). Oxidative stress and mitochondrial dys-
function in neurodegenerative diseases. Neurosci 145(4): 1233-1248.

United States Environmental Protection Agency (1996). Guidelines for repro-
ductive toxicity risk assessment. Fed Reg 61(212): 56274-56322.

Umosen AJ, Ambali SF, Ayo JO, Mohammed B, Uchendu C. (2012). Alleviat-
ing effects of melatonin on oxidative changes in the testes and Pituitary
glands evoked by subacute chlorpyrifos administration in Wistar rats. Asian
Pac J Trop Biomed 2(8): 645-650.

Umosen AJ, Uchendu C. (2014). Effect of melatonin on chlorpyrifos-induced
alterations in reproductive hormones and semen characteristics in Wistar
rats. AmJ Phytomed Clin Ther 2: 742-753.

Wielgomas B and Krechniak J. (2007). Effect of alpha-cypermethrin and
chlorpyrifos in a 28-day study on free radical parameters an cholinesterase
activity in Wistar rats. Polish J Environ studies 16: 91-95.



Woo MM, Tai CJ, Kang SK, Nathwani SP, Pang SF, Leung PC. (2001). Direct ac-
tion of melatonin in human granulosa-luteal cells. J Clin Endocrinol Metab
86:4789-4797.

Yavasoglu A, Sayin M, Uyamkgli Y, Turgut M, Karabay-Yavasoglu NU. (2006).
The pyrethroids cypermethrin-induced biochemical and histological alter-
ations in rats liver. J Health Sci 52(6): 774-780.

YuK, DengS, SunT, Li Y, Liu Y. (2018). Melatonin regulates the synthesis of
steroid hormones on male reproduction: A review. Molecules 23: 447.

Interdiscip Toxicol. 2020;Vol. 13(3):97-105 | 1058

Full-text also available online on PubMed Central

Zhang X, Cui W, Wang K, Chen R, Chen M, Lan K, Wei Y, Pan C, Lan X. (2020).
Chlorpyrifos inhibits sperm maturation and induces a decrease in mouse
male fertility. Environ Res 188: 109785.

Zhang J, Liu L, Ren L, Feng W, Lv P, Wu W, Yan Y. (2017). The single and joint
toxicity effects of chlorpyrifos and beta-cypermethrin in zebrafish (Danio
rerio) early life stages. J Hazard Mater 334: 121-131.

Zhou S, Duan C, Michelle WH, Yang F, Wang X. (2011). Individual and com-
bined toxic effects of cypermethrin and chlorpyrifos on earthworm. J Envi-
ron Sci 23(4):676-680.

Copyright © 2020 SETOX & Institute of Experimental Pharmacology and Toxicology, CEM SASc.



