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Abstract
The ameliorative potentials of melatonin (ML) on developmental changes evoked by gestational and
lactational co-exposure to chlorpyriphos (CP) and cypermethrin (CY) was investigated in male Wistar rats.
Pregnant dams were divided at random into 6 groups of 10 animals each and treated orally by gavage
from gestation day 1 to postnatal day 21 with the following regimens: The DW, SO and ML groups were
administered distilled water (2 ml/kg), soya oil (2 ml/kg) and melatonin (0.5 mg/kg), respectively; CC
group was co-administered CP (1.9 mg/kg) and CY (7.5 mg/kg); MC group was pretreated with ML (0.5
mg/kg) and followed by co-administration of CP and CY while the CM group was administered CP and
CY and then treated with ML. We evaluated the developmental parameters on the F1 generation male rats
at different postnatal intervals following parturition. Alterations in litter size and weight, number of
live/dead pups, anogenital distance, crown-rump length, time of eye and ear openings, and testicular
descent induced by gestational and lactational exposure to CP and CY in F1 male rats were mitigated by
pre- and post-administration of ML. These curative and prophylactic potentials of ML may be partly
attributed to its widely known antioxidant property.

Introduction
The use of pesticides in both agricultural and non-agricultural settings, as a means of increasing crop
yield and eradication of vector and vector-borne diseases, has gained wide acceptance1. However, this
has resulted in an increased incidence of pesticide-related illnesses in both man and animals, and
alteration of the ecosystem2. To curtail the increased resistance by the pest to single insecticide
application, farmers and other pesticide applicators are engaged in the use of insecticide mixture.
Although this has increased their bioe�cacy, it is also accompanied by novel challenges relating to
toxicity and safety to the environment. Women, including pregnant mothers, constitute a signi�cant
percentage of the farming population, especially in many developing countries3. Therefore, there is an
increased likelihood of contact with pesticides by pregnant mothers during farming engagements. This
poses a risk to the developing embryo, especially that several studies have shown that certain pesticides
including organophosphates (OPs)4,5, pyrethroids6 and their combination7 are developmental toxicants.

Chlorpyriphos (CP) (0-0-diethyl-0-3,4,6-trichloro-2-pyridyl phosphorothionate is one of the most widely
used OP pesticides in agricultural and domestic pest control8,9. Its use has increased rapidly since its
introduction in 1965 partly due to the ban placed on chlordane, a termiticide, in 19888. Exposure to CP
during pregnancy is a major health issue since this pesticide readily crosses the placenta10 and, as such,
has the potential to cause adverse health consequences on the developing organism11. Studies in
laboratory animals12 and humans13 have shown that CP causes a fetotoxic and teratogenic effect. Like
other OP insecticides, the main mechanism of systemic toxicity is due to irreversible inhibition of
acetylcholinesterase (AChE), resulting in cholinergic toxicity14. However, toxicity does occur at levels that
do not ablate AChE activity, indicating other mechanisms are involved. One of the other mechanisms
implicated in OP poisoning is oxidative stress.
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Cypermethrin (CY) is a class II synthetic pyrethroids that have been widely applied in agriculture, forestry,
domestic, horticulture and veterinary medicine15. Several studies have described the developmental
toxicity of CY16,17. Inhibition of central transmission through prolongation of sodium ion channels in the
nerve cell membrane and induction of oxidative stress have been implicated in its toxicity17.

Melatonin (N-acetyl-5-methoxytriptamine) is a hormone produced from the pineal gland. It is produced
during the dark phase of the circadian cycle and is a highly conserved antioxidant molecule18. Although it
plays a signi�cant role in many body processes, its role as an antioxidant and free-radical scavenger19,
and its involvement in the enhancement of body antioxidant systems have recently been receiving
signi�cant attention20,21. Therefore, the present study investigated the ameliorative potentials of
melatonin on developmental changes evoked by gestational and lactational co-exposure to CP and CY in
male Wistar rats.

Methodology
Management of Experimental Animals

Seventy-two (72) 12 weeks old adult nulliparous female and 72 male Wistar rats weighing between 140-
160 grams were used for this experiment. They were bred and 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), and were given access to drinking water ad libitum. Ethical
approval was obtained from the Ahmadu Bello University Committee on Animal Use and Care (Ethical
Approval no: ABUCAUC/2020/002). All experiments were perfomed in accordance with relevant
guidelines and regulations. The reporting in the manuscript follows the recommendation in the ARRIVE22

(Animal Research Reporting In Vivo Experiments) guidelines. 

Pesticide, Melatonin and Soya Oil Preparation

Commercial grade CP (20% E.C. TERMICOT®, Sabero Organics, Gujarat, India) and CY (10% EC,
GLOBATHRIN®, Heranba Industries Limited, Vapi, India) were obtained from a reputable agrochemical
outlet in Kaduna, Nigeria. Melatonin (ML, 3 mg/Tablet; Nature Made Nutritional Product®, USA) was
obtained from a reputable pharmaceutical outlet in Ilorin, Nigeria. Soya oil (SO; Grand Pure Soya Oil,
Grand Cereals Limited, Jos, Nigeria) was obtained from a reputable grocery store in Zaria, Nigeria.
Chlorpyriphos (CP) was dissolved in SO to make a 1% working solution, while cypermethrin (CY) and
melatonin (ML) were dissolved in distilled water to make 1% and 1.5 mg/2 ml stock solutions,
respectively.

Animal breeding and dosing protocol

Seventy-two sexually mature female nulliparous Wistar rats weighing 140-160 grams were bred with 72
adult males overnight to obtain 60 pregnant dams in a 1:1 mating scheme23. Pregnancy was con�rmed
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by the presence of vaginal plug or sperm cells using vaginal swab microscopy in the morning hours
(0.700hrs) after mating. The day the copulation plugs/spermatozoa were found in the vagina was
designated as Day 1. The sixty pregnant dams were thereafter divided at random into 6 groups of 10
animals each. The DW, SO and ML groups were given distilled water (2 ml/kg), soya oil (2 ml/kg) and ML
(0.5 mg/kg)24, respectively. The CC group was co-administered CP (1.9 mg/kg ~ 1/50th of the LD50) and

CY [7.5 mg/kg ~ 1/50th of the LD50]24; The MC group was pretreated with ML (0.5 mg/kg) and then co-
administered CP and CY, respectively, 30 minutes later; The CM group was co-administered CP and CY,
followed by ML, 30 minutes later. The pregnant dams were administered the regimens by gavage once
daily from gestation day 1 (GD 1) to postnatal day (PND) 21. The doses of the insecticides were chosen
after a series of pilot studies, taken into cognizance, the objective of mimicking environmental and
repeated occupational exposure. Following their normal parturition by the pregnant dams, the pups were
evaluated for some developmental parameters. To avoid bias, the services of two assessors blinded to
the experimental design were sought to evaluate the effect of treatments on the following developmental
parameters:

i. Litter size

The litter size was determined on PND 0 by counting and recording the number of pups delivered by each
dam.

ii. Number of live and dead pups

The number of live and dead pups in each litter was evaluated on the day of birth (PND 0). Following
delivery, the number of live and dead pups were physically counted and recorded for each of the dams.

iii. Litter weight

The evaluation of the litter weight of each pup was done at PND 0 and subsequently on PNDs 4, 7, 14
and 2125 using a precision weighing balance (Mettler® P161, Switzerland). The pups from each treatment
group were weighed individually, and the mean (± SEM) of the bodyweight of the pups from each of the
dams in a group was calculated.

iv. Determination of anogenital distance

The anogenital distance was measured using a digital Vernier calliper (Tresna® China) at PND 1 as
described earlier26. 

v. Determination of crown-rump length

The crown-rump length was evaluated on PND 4 as described by Archibong et al.27.

vi. Time of ear and eye-openings
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The time of ear openings was evaluated on PNDs 7-21 by clapping and then monitor the pup for lateral
deviation to the sound, while that of the eye-opening was also done at the same period by de�nitory
blinking re�ex of the eye when approached with a sensor, a ball of cotton wool as stated by Cole et al.28

with slight modi�cation, using clapping and monitoring for lateral deviation of the head to sound and a
ball of cotton wool, for ear and eye-openings, respectively.  

vii. Time of testicular descent 

The time of testicular descent of the F1 pups was recorded as the time the testes descended into the
scrotal sac as earlier described26. The evaluation of this parameter commenced on PND 16. 

Data Analysis

The data obtained were expressed as mean ± standard error of the mean (SEM) and subjected to one-
way analysis of variance (ANOVA), followed by Tukey’s post-hoc test to determine the signi�cance of the
differences in the mean values obtained between various experimental groups. The graphs were plotted
using MS excel 2013 software after the data analysis with GraphPad Prism version 4 for windows.
Values of P ≤ 0.05 were considered signi�cant.

Results

Effect of treatments on litter size in F1 generation male
Wistar rats
Figure 1. Effect of gestational and lactational exposure to Distilled water (DW), Soya oil (SO), Melatonin
(ML), Chlorpyriphos and Cypermethrin (CC), Melatonin + chlorpyriphos + cypermethrin (MC) and
Chlorpyriphos + Cypermethrin + ML (CM) on litter size. n=10. Values with different superscript differ
signi�cantly (P < 0.05). Results are expressed as ± SEM.

Effect of treatments on fetal live/dead ratio of F 1 generation male Wistar rats

The fetal live/dead ratio in the CC group was signi�cantly lower (P < 0.05), compared to that of the DW,
SO and ML groups. There was a non-signi�cant increase (P > 0.05) in the foetal live/dead ratio in the CC
group when compared to that of the MC and CM groups (Figure 2).

Effect of treatments on litter weight of F 1 generation male Wistar rats

At PND 0,4,7,14 and 21, there was a signi�cant (P < 0.05) decrease in the litter weight of the CC group
relative to that of the DW, SO, ML, MC and CM groups. At PND 0,7,14 there was a signi�cant (P < 0.05)
decrease in the litter weight of the CM group relative to that of DW, SO and ML groups, and a signi�cant
(P < 0.05) decrease in the litter weight of the ML group versus DW and SO groups (Figure 3).
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Effect of treatments on crown-rump length in F 1 generation male Wistar rats

The crown-rump length in the CC group was signi�cantly (P < 0.05) shorter, compared to that obtained in
the DW, SO, ML, MC and CM groups. There was no signi�cant (P > 0.05) change in the crown-rump length
in the MC group when compared to that of the CM group (Figure 4).

Effect of treatments on anogenital distance in F 1 generation male Wistar rats

There was no signi�cant (P > 0.05) change in the anogenital distance between the groups. However, the
anogenital distance in the CC group was shorter relative to that of the DW (17%), SO (19%), ML (15%), MC
(17%) and CM (18%) groups (Figure 5).

Effect of treatments on the time of ear-opening of F 1 generation male Wistar rats

The time of opening of the ear increased signi�cantly (P < 0.05) in the CC group compared to that of DW,
SO, ML, CM and MC groups. There was no signi�cant (P > 0.05) change in the time of ear-opening in the
MC group relative to that of the CM group (Figure 6).

Effect of treatments on the time of eye-opening of F 1 generation male Wistar rats

There was a signi�cant (P < 0.05) increase in the time of eye-opening in the CC group compared to that of
the DW, SO, ML, MC and CM groups. The time of eye-opening was signi�cantly (P < 0.05) shorter in the
DW group, relative to that of the MC and CM groups. Similarly, a signi�cant (P < 0.05) decrease in the
time of eye-opening was observed in the SO group relative to that of ML, MC and CM groups. Also, the
time of eye-opening in the ML group was signi�cantly (P < 0.05) lower, relative to that of the CM group
(Figure 7).

Effect of treatments on time of testicular descent of F 1 generation male Wistar rats

Figure 8 shows the effect of treatments on the time of testicular descent. There was a signi�cant (P <
0.05) increase in the time of testicular descent in the CC group compared to that of the DW group.
Although not signi�cant (P > 0.05), the time of testicular descent in the CC group relatively increased
compared to that of the SO (16%), ML (17%), MC (17%) and CM (16%) groups.

Discussion
Exposure to neurotoxic chemicals during the developmental stages is a source of concern to the health
and well-being of the developing organisms owing to the vulnerability of the central nervous system
(CNS) during this period coupled with the immaturity of the brain-blood barrier29. The present study
revealed alterations in the various developmental parameters in F1 male rats following gestational and
lactational exposure to CP and CY.
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The litter size is an important indicator of developmental and reproductive failure or success. In the
present study, the mean litter size signi�cantly decreased in the group exposed to the insecticide mixture
compared to that of the other groups. This agrees with �ndings from previous studies on CP30,31 and
CY32 in rats. The decrease in litter size has been documented as one of the foetotoxic signs of pesticide
exposure and is attributed to several factors, including the ability of CP and CY to cross the placenta
barrier33,34. Besides, previous studies have shown that CP30 and CY32 promote pre-implantation losses,
which may affect litter size. Furthermore, oxidative injury to the fallopian tubes35 by the pesticide mixture
may have created an unfavourable medium for implantation of the blastocysts, thereby resulting in lower
litter size36. Increased apoptotic damage to the embryo observed with exposure to certain pesticides,
including CP during the pre-implantation and post-implantation period37 may have contributed to the
decrease in litter size in the group exposed to the pesticide mixture only. However, pre-and post-treatment
with ML improved the litter size in the F1 male rats exposed to the pesticide mixture, partly due to its
antioxidant properties. Melatonin acts as a direct ROS scavenger38 and as an indirect antioxidant by
stimulating the synthesis and release of antioxidant enzymes39.

The present study has also revealed a signi�cant decrease in the viability of pups from dams co-exposed
to CP and CY, as a greater number (22%) of the pups in the CC group died. Cypermethrin has been found
to induce DNA damage40, chromosomal aberrations41 and steroid hormone disruptions42. Indeed,
Madu43 demonstrated a decrease in the number of live-born fetuses following CY exposure. Similarly, CP
has also been shown to cause genotoxic effects through DNA damage and cell apoptosis40,44. The
improvement in live/dead ratio following pretreatment or posttreatment with ML suggests that the
antioxidant agent counteracted the pesticide-induced toxicity possibly by protecting against ROS-induced
DNA damage and protein oxidation45 coupled with its ability to decrease the level of certain pro-apoptotic
enzymes like caspases 3 and 946 and its ability to protects against genotoxic damages47, which
eventually reduced prenatal and neonatal mortality.

The litter weight has been widely used as an indicator of foetotoxicity of a test substance48. The result of
the present study showed a decrease in the litter weight of the F1 male generation of the CC group
throughout the lactation period, relative to that of the other groups. This result agreed with previous
�ndings following CP30 and CY43 exposure. Perera et al.13 reported an association between CP exposure
and low-birthweight among the African-American population, while a similar relationship has been
between umbilical cord plasma CP levels and foetal birth weight. The relative decrease in the pattern of
weight changes in the groups co-exposed to the two pesticides may be partly due to cholinergic and
oxidative stress, engendered by the pesticides49,50.

Pre-treatment and post-treatment with ML showed a signi�cant increase in litter weight relative to that of
the CC group right from PND 0 to PND 21. Apart from expressing ML receptors in the placenta, melatonin
has been shown to protect against oxidative damage induced in the rat placenta. Maternal treatment with
ML in the present study may have improved placental e�ciency, which therefore aids in the restoration of
litter weight, partly due to an increase in the expression of placental Mn-SOD and catalase by the up-
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regulation of the placental antioxidant enzymes51. Furthermore, ML has been shown to improve blood
and nutrient supply to developing foetus through improvement in uterine blood perfusion52.

The crown-rump length (CRL) is a measure of fetal growth rate and has been used to evaluate growth
retardation in response to the intrauterine exposure of the foetus to a noxious environmental chemical
substance53. The present study showed a decrease in the mean CRL of F1 male generation rats in a
group co-exposed to the pesticide mixture, indicating decreased foetal growth rate. This �nding agrees
with previous reports following gestational exposure to CP30,31 and CY53. The growth retardation in the
newborn in the present study may be due to the ability of CP to concentrate in the milk. A concentrated
form of CP residue has been demonstrated in the breast milk of mothers54 exposed to the pesticide, as it
interacts with milk protein55, thereby posing a lot of danger to the newborn. Similarly, OP compounds also
alter the activity of the milk lipase enzyme, resulting in diminished secretory function of the mammary
gland, resulting in interference with the nursing of the offsprings56,57. In addition, CP easily crosses the
placenta barrier58 causing direct cytotoxicity to the developing foetuses, thus impairing their growth and
well-being. Furthermore, the pesticide mixture’s ability to induce oxidative stress and other forms of stress
may have created an unfavourable uterine environment for foetal growth and development, culminating
in a reduction in CRL.

Pre-treatment and post-treatment with ML in the present study caused a signi�cant increase in CRL,
indicating an improvement in the foetal growth and a decrease in foetotoxicity, apparently due to its
antioxidant property. Melatonin, up-regulates the activity of various antioxidant enzymes, while also
enhancing the action of other antioxidants, such as ascorbate and tocopherol59. Through its mitigation
of oxidative and cholinergic stress60,61, ML may have provided a better intrauterine environment
necessary for foetal growth, in addition to reducing cytotoxicity induced by the pesticide mixture.

Anogenital distance (AGD), which has been used to gauge reproductive toxicities is a sexually dimorphic
measure of genital development and a marker of endocrine disruption in animals and humans62. The
AGD is dependent on prenatal exposure to androgens, which stimulate the growth of the perineum63.
Although not signi�cant, AGD in the F1 generation of male rats exposed to the pesticide mixture in the
present study was relatively shorter than any of the other groups, including groups treated with ML. This
result suggests that the two pesticides have some degree of anti-androgenic effect on the foetuses, in
agreement with �ndings from a previous study that reported low AGD following CP exposure30. Similarly,
CY exerted anti-androgenic effects in androgen receptor gene assays64.

The restoration of the insecticide-induced de�cit in AGD of F1 male rats in ML pre- and post-treated
groups suggests its ability to ameliorate this developmental disorder. This could be partly attributed to
the ability of ML to protect the Leydig cells of the developing foetus from insecticide-induced oxidative
damage65, thereby retaining its capacity to produce testosterone during the stage critical to foetal
urogenital development.
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The present study recorded a slight delay in the time of the ear opening. This agrees with the �nding of
previous studies following gestational exposure to CP66 and CY67 in rats. Stimuli from the skeletal
muscles, which have been reported to play a role in the foetal development of the external ear, may have
also been partly responsible for the delay in the time of opening of the ear in the present study. Melatonin
was able to normalise the time of pinna opening, possibly by reducing both the maternal and foetal
toxicity, engendered by the pesticides possibly by its antioxidant properties.

The signi�cant delay in the time of eye-opening in F1 generation from dams in the CC group indicates
that the insecticide combination impaired this important developmental landmark. Several studies have
demonstrated the ability of CY to cause delay of eye-opening in rats67,68. The delay in eye-opening may
be partly due to retarded synaptogenesis of the primary visual cortex (VI)69, possibly due to oxidative
stress provoked by the insecticide mixture. Oxidative stress plays an important role in synaptogenesis
through the activation of mitogen protein activated kinase (MAPK) signalling pathways70.

Pretreatment with melatonin was able to reduce the time of eye-opening, possibly due to the mitigation of
oxidative stress evoked by the insecticide mixture, which allows the normal process of synaptogenesis of
the primary visual cortex (VI). Melatonin may also have reduced the activation of the MAPK signalling
pathway since antioxidants have been shown to reduce the activation of p38 MAPK71. The implication of
improved synaptogenesis by melatonin possibly due to the reduction of oxidative stress is early
maturation of the visual cortex, which resulted in the reduction in the time of eye-opening.

Undescended testicles are the most common congenital birth defect in male children and were generally
accepted to affect 2-4% of baby boys72. In the present study, there was an increase in the time of
testicular descent in the group exposed to pesticide mixture only, which indicates changes in the physical
parameter of sexual maturation73. Testicular descent is testosterone dependent, hence a decrease in
testosterone concentration, which has been documented to be engendered by CP74 and CY75 may have
been partly responsible for the infraction on this developmental parameter. The improvement in the time
of testicular descent in the FI generation from dams pretreated with melatonin may be due to its widely
proven antioxidant effect, which may have protected vital reproductive endocrine organs/cell such as the
hypothalamus, pituitary gland and the Leydig cells, thus, allowing them to regulate the synthesis and
secretion of androgens. A previous study has shown the ability of ML to mitigate CP-evoked disruption of
the pituitary-gonadal axis76.

Although the present study did not evaluate the redox status of the animals under observation, it is
however known that exposure to pesticides causes genetic and epigenetic modi�cations, endocrine
disruption, mitochondrial dysfunction and oxidative stress77. Reactive oxygen and nitrogen species play
some roles in regulating essential cellular signalling pathways such as cell differentiation, proliferation,
migration and apoptosis78. This may have been partly responsible for the developmental toxicity caused
by the pesticide mixture in the present study. The mitigation by melatonin may also have been partly due
to its antioxidant effect through direct and indirect pathways. The direct antioxidant and free radical
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scavenging properties of melatonin are mainly due to its electron-rich aromatic indole ring, which makes
it a potent electron donor that can signi�cantly reduce oxidative stress79,80. Indirectly, melatonin does
activate melatonin (MT) 1 and MT2 receptors and upregulate antioxidative defensive systems by
increasing the expression or activity of antioxidant enzymes such as superoxide dismutase and
glutathione peroxidase81. Apart from its antioxidant effect, the ability of melatonin to mitigate the toxic
effect arising from in utero exposure to mixture CP and CY in F1 generation may be due to its
antiapoptotic effect. Melatonin has been shown to modulate the Bcl-2 protein expression, blocks Bax
proapoptotic activity via the SIRT1/NF-kB axis with a consequent and signi�cant inhibition of
Cytochrome C release and the lack of apoptosome formation and caspase 3 activations82,83.

In conclusion, the present study has demonstrated that gestational and lactational co-exposure to CP and
CY alter some developmental landmarks in the resulting male F1 generation, which may adversely affect
their future developmental and reproductive potentials. Melatonin, when given before gestational and
lactational exposure to insecticides or even after their exposure, acting both as a prophylactic and
curative agent mitigated the developmental alterations in the F1 generation.
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Figures

Figure 1

Effect of gestational and lactational exposure to Distilled water (DW), Soya oil (SO), Melatonin (ML),
Chlorpyriphos and Cypermethrin (CC), Melatonin + chlorpyriphos + cypermethrin (MC) and Chlorpyriphos
+ Cypermethrin + ML (CM) on litter size. n=10. Values with different superscript differ signi�cantly (P <
0.05). Results are expressed as ± SEM.
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Figure 2

Effect of gestational and lactational exposure to Distilled water (DW), Soya oil (SO), Melatonin (ML),
Chlorpyriphos and Cypermethrin (CC), Melatonin + chlorpyriphos + cypermethrin (MC) and Chlorpyriphos
+ Cypermethrin + ML (CM) on fetal live/dead ratio. n=10. Bars with different superscript differ
signi�cantly (P < 0.05). Results are expressed as ± SEM.
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Figure 3

Effect of gestational and lactational exposure to Distilled water (DW), Soya oil (SO), Melatonin (ML),
Chlorpyriphos and Cypermethrin (CC), Melatonin + chlorpyriphos + cypermethrin (MC) and Chlorpyriphos
+ Cypermethrin + ML (CM) on dynamics of Litter weight n=10. Values with different superscript differ
signi�cantly (P < 0.05). Results are expressed as ± SEM.
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Figure 4

Effect of gestational and lactational exposure to Distilled water (DW), Soya oil SO), Melatonin (ML),
Chlorpyriphos and Cypermethrin (CC), Melatonin + chlorpyriphos + cypermethrin (MC) and Chlorpyriphos
+ Cypermethrin + ML (CM) on crown-rump length.  n=10. Bars with different superscript differ
signi�cantly (P < 0.05). Results are expressed as ± SEM.
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Figure 5

Effect of gestational and lactational exposure to Distilled water (DW), Soya oil (SO), Melatonin (ML),
Chlorpyriphos and Cypermethrin (CC), Melatonin + chlorpyriphos + cypermethrin (MC) and Chlorpyriphos
+ Cypermethrin + ML (CM) on anogenital distance n=10. Bars with same superscript are not statistically
signi�cant (P > 0.05). Results are expressed as ± SEM.
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Figure 6

Effect of gestational and lactational exposure to Distilled water (DW), Soya oil (SO), Melatonin (ML),
Chlorpyriphos and Cypermethrin (CC), Melatonin + chlorpyriphos + cypermethrin (MC) and Chlorpyriphos
+ Cypermethrin + ML (CM) on Time of ear opening. n=10. Bars with different superscript differ
signi�cantly (P < 0.05). Results are expressed as ± SEM.
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Figure 7

Effect of gestational and lactational exposure to Distilled water (DW), Soya oil (SO), Melatonin (ML),
Chlorpyriphos and Cypermethrin (CC), Melatonin + chlorpyriphos + cypermethrin (MC) and Chlorpyriphos
+ Cypermethrin + ML (CM) on time of eye-opening. aP < 0.05 versus DW, SO, ML, MC and CM groups,
respectively. n=10. Bars with different superscript differ signi�cantly (P < 0.05). Results are expressed as
± SEM.
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Figure 8

Effect of gestational and lactational exposure to Distilled water (DW), Soya oil (SO), Melatonin (ML),
Chlorpyriphos and Cypermethrin (CC), Melatonin + chlorpyriphos + cypermethrin (MC) and Chlorpyriphos
+ Cypermethrin + ML (CM) on time of testicular descent. n=10. Bars with different superscript differ
signi�cantly (P < 0.05). Results are expressed as ± SEM.


