This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/ OPEN ACCESS
licenses/ by-nc-nd/3.0), which permits copy and redistribute the material in any medium or format, provided the original work is properly cited.

S sciendo

ENDOCRINE REGULATIONS, Vor. 53, No. 3, 139-145, 2019

139

doi:10.2478/enr-2019-0014

Implantation and pregnancy outcome of Sprague-Dawley rats
exposed to pirimiphos-methyl

Tolulope OvEsorLA’, Bolanle IRANLOYE?, Olufeyi ADEGOKE?

'Department of Physiology, Benjamin Carson Senior School of Medicine, College of Health and Medical Sciences,
Babcock University, Ilishan-Remo, Ogun state, Nigeria; “Department of Physiology, College of Medicine of the University

of Lagos, Lagos, Nigeria
E-mail: oyesolat@babcock.edu.ng

Objective. This study was designed to investigate the effect of sublethal doses (10, 60, and 120
mg/kg of pirimiphos-methyl on implantation and pregnancy in female Sprague-Dawley rats. Pir-
imiphos-methyl is a pesticide widely used worldwide, especially in Africa to protect food against
pests and has gained widespread acceptance.

Methods. Pregnant Sprague-Dawley rats used for this study had access to food and water ad
libitum and were divided into a control group and three experimental groups based on dose of
chemical given. The pregnant rats were given pirimiphos-methyl orally on days 1-5, 1-7, 7-18"
day of gestation and from day 1 to term. Implantation studies were carried out on days 6 and 8 of
pregnancy, while the fetal parameters were ascertained on day 19 of pregnancy and at term. Serum
levels of progesterone and estradiol were measured on days 6, 8 and 19 of pregnancy.

Results. Sublethal administration of pirimiphos-methyl showed decreased number of implan-
tation sites on days 6 and 8, fetal weight, crown-to-rump length, length of umbilical cord and
placenta weight (day 19), birth weight, litter size and total number (at term) in rats administered
with pirimiphos-methyl when compared with control.

Conclusion. Administration of pirimiphos-methyl resulted in a reduced implantation rate due
to decreased uterine receptivity caused by an imbalance in the level of estradiol and progesterone
and impaired reproductive outcome during pregnancy.
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Fertilization, which usually occurs in the oviduct,
is followed by time-dependent mitotic division in the
egg, while trying to reach the blastocyst stage and the
uterus for implantation. Implantation is a process, by
which the blastocyst comes into the intimate physical
and physiological contact with the uterine endome-
trium, which is an absolute requirement for further
growth and collection of nutrients from the maternal
vasculature. The implantation process is a critical
event in the embryo’s life and a central step to the
establishment of placentation and pregnancy (Deb et

al. 2006). Implantation in rats is initiated on day 5 and
completed by day 7 of the pregnancy (Hamid et al.
2012). During the implantation period, the endome-
trium undergoes a transition and acquires an appro-
priate morphological and functional state under the
influence of progesterone and estrogen, which are the
dominant hormonal modulators of the endometrial
development. Pregnancy outcome, which is the final
result of fertilization and conception, includes sex
ratio, live birth, birth weight, spontaneous abortion,
lower birth weight, preterm delivery or stillbirth.
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Organophosphorus pesticides or organophos-
phates (OP) are a group of pesticides widely used as
insecticides including agriculture (Koch et al. 2002;
Berkowitz et al. 2003). Routes of exposure to humans
include inhalation, absorption through skin or eyes,
and ingestion (Gallo and Lawryk 1991). The primary
toxicity associated with acute exposure to OP insec-
ticides is cholinergic crisis resulting from acetylcho-
linesterase inhibition (Pope 1999; Cabello et al. 2001).
The use of pesticides could affect non-target organ-
isms and wildlife in the ecosystem and ultimately
human health leading to various effects like immu-
notoxicity, carcinogenesis, endocrine, and develop-
mental toxicity. Experimental evidences from both
human and animal studies have suggested exposure
to pesticides poses a greater risk of adverse repro-
ductive outcomes (Hayes and Laws 1991). The OP
exposure has been linked to reproductive disorders
such as infertility, birth defects, adverse pregnancy
outcomes (spontaneous abortions and fetal death),
and perinatal mortality (Baldi et al. 1998; Sanborn et
al. 2002; Recio et al. 2005).

Pirimiphos-methyl (O-[2-(Diethylamino)-6-meth-
ylpyrimidin-4-yl] O,0-dimethyl phosphorothioate)
is a broad spectrum of non-cumulative organophos-
phate pesticides. Pirimiphos-methyl has widespread
agricultural and domestic uses, both as an acaricide
and insecticide, on pest in stored grains as well as in
household and catering establishment (Tamura et al.
2001). It has been reported to have adverse effects on
male reproductive functions (Ngoula et al. 2007) as
well as causing ovarian cycle irregularities in female
rats (Iranloye and Oyesola 2018) even though OECD
regulation classify it as being neither a reprotoxin nor
a teratogen. This study was undertaken to determine
the effect of administration of sublethal doses of
pirimiphos-methyl on implantation and pregnancy
outcome in female Sprague-Dawley rats.
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Figure 1. Overview of the experimental design. [[[[[[II]] - Pe-
riod of pirimiphos-methyl exposure. Abbreviation: GD - ges-
tational day.

Materials and methods

Animals. Sexually matured female and male rats
(160-180 g) of the Sprague-Dawley strain obtained
from the Animal House of the College of Medi-
cine, University of Lagos, were used. The rats were
acclimatized for 2 weeks under standard conditions
(28+2°C, humidity at 70%, 12-h light and dark cycle,
6 animals housed per cage and fed commercial diet
and water ad libitum). All guidelines with the use
and care of laboratory animals were strictly adhered
to in accordance with the U.S. National Institute
of Health. This study was approved by the College
of Medicine, University of Lagos Health Research
Ethical Committee. The female rats were divided
into four treatment groups: Group A - distilled water
(control); Group B - 10mg/kg of pirimiphos-methyl
(~0.8% LDs,); Group C - 60mg/kg of pirimiphos-
methyl (~5% LDs,); Group D - 120 mg/kg of pirimi-
phos-methyl (~10% LDs).

Chemicals. An organophosphate pesticide, piri-
miphos-methyl (PM) (Emulsifiable concentrate,
250g/1, Batch no: CHL5G11-06, Syngenta, UK) with
the chemical name O-[2-(Diethylamino)-6-meth-
ylpyrimidin-4-yl] O,0-dimethyl phosphorothioate,
C,,H0N;O5PS, was used in the study. The CAS
Number is 29232-93-7 with formula weight 305.33.
The purity (HPLC AREA %) is > 98.0%. Percentage
of the LD;, was calculated from the dose previously
used by Ngoula et al. (2007).

Experimental design. Ninety-six (96) female rats
and twenty-four (24) male rats were used for this
study. Proestrus phase was determined by means
of vaginal cytology. A male rat was introduced to
two female rats on the evening of proestrus (05:00-
06:00 p.m.) for mating, which was confirmed by the
presence of sperm cells in the vagina smear of the
rats, the following morning (08:00-09:00 a.m.) and
that day was taken as day one of pregnancy (Figure 1).

Implantation study was carried out on six rats,
each from the study groups, as it has been described
by Iranloye et al. (2010). Rats received various doses of
PM on the postnatal days (PND) 1-5 (early implanta-
tion), 1-7 (late implantation), 7-18" (post-implanta-
tion) and from day 1 to term and were sacrificed on
gestation days (GD) 6, 8 and 19. A group was allowed
to term to assess pregnancy outcome. Blood collec-
tion was done via cardiac puncture.

Determination of implantation sites. In rats,
considering the presence of sperm in the vaginal
smear as day 1 of gestation, implantation sites can
be detected as early as on day 4 of pregnancy (10:00-
11:00 p.m.) and onward. Rats were injected with
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1 mg/ml Evans blue via the rat tails vein and allowed
to circulate for about 15 min. Then, the rats were
sacrificed by cervical dislocation and the implanta-
tion sites were observed and counted in the uterus of
the rats (Dey et al. 2004; Iranloye et al. 2010).

Studies on pregnancy and pregnancy outcomes.
The first group of rats received PM orally from
GD7 till GD18 while the second group received PM
from GDI1 till term. The following parameters were
observed and recorded: placental weight, number
of fetuses, fetal weight, length of umbilical cord and
crown-to-rump length were measured and recorded
on day 19. Gestation length, litter size, birth weight
and total number of pups born in the rats that were
allowed to term. The weaning index and viability
index calculated on PND4 and PND21, respectively.

Determination of hormone levels. Blood samples
collected on days 6, 8, and 19 of pregnancy via cardiac
puncture. Serum from blood samples were assayed
for estradiol and progesterone using Enzyme-
Linked-Immunosorbent Serologic Assay (ELISA)
techniques. The assay kits were obtained from Elab-
science Biotechnology Co., Ltd, (Wuhan, China).

Statistical analysis. All the values are expressed
as mean + standard error of mean (SEM). The
values were analyzed by one-way ANOVA followed
by Student’s Newman-Keuls post hoc test using the
Graph Pad software. Differences were considered
significant when p<0.05.

Results

Effect of PM on implantation. The effect of admin-
istration of PM on the number of implantation sites
in pregnant rats sacrificed on GD6 and GD8 is shown
in Table 1. Number of implantation sites was signifi-
cantly (p<0.05) decreased in PM-treated rats sacri-
ficed on days 6 in groups B, C and D when compared
with group A. Similar pattern was observed on day 8

in groups B, C and D when compared with control.

Effect of PM on pregnancy and pregnancy
outcome. The effect of administration of PM on
pregnancy outcome on day 19 is shown in Table 2.
The weight of the fetuses on day 19 was significantly
(p=0.0001) decreased in groups B, C and D compared
with the control. Placenta weight on day 19 was
significantly (p=0.0001) decreased in groups B, C
and D when compared with the control. The crown-
to-rump length of litters on day 19 was significantly
decreased in groups B, C and D (p=0.0001) when
compared with the control. The length of umbilical
cord was significantly (p=0.0233) decreased in group
D when compared with control but no significant
difference in groups B and C. However, there was
no significant difference between the fetal number
between groups B, C and D when compared with the
control.

The effect of administration of PM from day 1
of gestation to term is shown in Table 3. Average
litter weight was significantly (p=0.0297) decreased
in groups B and C as well as total number of pups

Table 1
Effect of pirimiphos-methyl on number of implantations.
Treatment Number of Number of
Group PM implantation site implantation site
(mg/kg) (day 6) (day 8)
A Control 8.00+0.53 7.50+0.39
B 10 5.50£0.20* 5.50£0.20*
C 60 4.50+0.39* 3.67+0.19*
D 120 3.00£0.71* 2.33+0.45*

Group A - rats in the control group administered with distilled
water only; Group B - rats administered at a dose of 10 mg/kg
of pirimiphos-methyl; Group C - rats administered at a dose of
60 mg/kg of pirimiphos-methyl; Group D - rats administered at
a dose of 120 mg/kg of pirimiphos-methyl. *p<0.05 vs. control
(Group A).

Effect of pirimiphos-methyl on pregnancy outcorr};a?rier:ts administered from GD7 to GD18 of pregnancy.
Parameter Group A Group B Group C Group D
Number of fetuses (Day 19) 8.00+0.37 8.00+0.37 8.20+ 0.70 7.70+0.21
Weight of fetuses (g) (Day 19) 2.10+0.04 1.40+0.06* 1.30+0.05* 1.10+0.12*
Weight of placenta (g) (Day 19) 0.70+0.01 0.50+0.02* 0.50+0.02* 0.50+0.04*
Length of umbilical cord (cm) 2.40+0.11 2.20+0.06 2.00£0.12 1.90+0.09*
Crown-rump length (cm) 4.20+0.04 3.70+0.07* 3.60+0.08* 3.40+0.18*

Group A - rats in the control group administered with distilled water only; Group B - rats administered with a dose of 10 mg/kg of
pirimiphos-methyl; Group C - rats administered with a dose of 60 mg/kg of pirimiphos-methyl; Group D - rats administered with a
dose of 120 mg/kg of pirimiphos-methyl. *p<0.05 vs. control (Group A). Abbreviation: GD - gestational day.
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Effect of pirimiphos-methyl on pregnancyrf)tlce()fne in rats administered from GDI to term.

Parameters Group A Group B Group C Group D
Weight of litter (g) at birth 5.2240.21 4.68+0.03* 4.01 +£0.21* 0
Gestation length (days) 22.00£0.21 22.50+0.22 233+0.21 0
Litter size 8.00+0.73 7.50£0.22 6.5£0.21* 0
Total no. of pups born 48.00+0.73 44.00£0.21* 39 + 0.34% 0
Birth index (%) 100.00 100.00 61.50+0.21* 0.00
Viability index (%) 100.00 100.00 0.00 0.00
Weaning index (%) 95.17+3.68 92.95+3.15 0.00 0.00

Group A - rats in the control group administered with distilled water only; Group B - rats administered with a dose of 10 mg/kg of
pirimiphos-methyl; Group C - rats administered with a dose of 60 mg/kg of pirimiphos-methyl; Group D - rats administered with

a dose of 120 mg/kg of pirimiphos-methyl. Birth index was calculated as number of live offspring divided by number of offspring
delivered multiplied by 100%. Viability index was calculated as number of live offspring at postnatal day 4 divided by number of live
offspring delivered multiplied by 100%. Weaning index was calculated as number of live offspring at postnatal day 21 divided by num-
ber of live offspring born multiplied by 100%. *p<0.05 vs. control (Group A). Abbreviation: GD - gestational day.

Table 4
Estradiol levels (pg/ml) at different days of pregnancy in rats
administered with pirimiphos-methyl during pregnancy.

Group A Group B Group C Group D
Day6  6.90£0.56  8.80+1.46  7.30+0.24  5.00+2.27
Day8  20.10+1.12 10.00+1.15* 11.00+1.08* 11.40+2.20*

Day 19 27.50+1.90 19.10+2.72* 15.30+1.53* 6.10£1.15*

Group A - rats in the control group administered with dis-
tilled water only; Group B - rats administered with a dose of
10 mg/kg of pirimiphos-methyl; Group C - rats administered
with a dose of 60 mg/kg of pirimiphos-methyl; Group D - rats
administered with a dose of 120 mg/kg of pirimiphos-methyl.
*p<0.05 vs. control (Group A).

Table 5
Progesterone levels (ng/ml) at different days of pregnancy in
rats administered with pirimiphos-methyl during pregnancy.

Group A Group B Group C Group D
Day6  22.00£0.56 17.70+1.19* 17.10+1.44* 11.60+0.77*
Day8 11.80£0.60 13.00£1.69 11.90+2.03 13.00+2.38

Day 19 20.40+0.47 16.60+0.74* 16.70+£0.97* 2.10+0.35*

Group A - rats in the control group administered with dis-
tilled water only; Group B - rats administered with a dose of
10 mg/kg of pirimiphos-methyl; Group C - rats administered
with a dose of 60 mg/kg of pirimiphos-methyl; Group D - rats
administered with administered with a dose of 120 mg/kg of
pirimiphos-methyl. *p<0.05 vs. control (Group A).

born (p<0.05) when compared with control. There
was a significant (p<0.05) decrease in average litter
size and birth index in group C when compared with
the control. There was no significant difference in
gestation length when compared with control. The

pups born to dams in group C were born weak and
died before day 4 post-delivery, hence no result for
viability and weaning indices. Maternal exposure to
120 mg/kg body weight (group D) showed an aborti-
facient activity as no dam had any litter when opened
up on GD30.

Effect of PM on estradiol levels in pregnant rats.
There was no significant difference in estradiol level
in groups B, C and D when compared with control
on day 6 of pregnancy. However, on day 8, there was
a significant (p<0.05) decrease in estradiol level in
groups B, C and D when compared with control. On
day 19, there was a significant (p<0.05) decrease in
estradiol level in groups B, C and D when compared
with control as shown in Table 4.

Effect of PM on progesterone levels in pregnant
rats. There was a significant (p=0.0005) decrease
in progesterone level in groups B, C and D when
compared with control on day 6 of pregnancy.
However, on day 8, there was no significant difference
(p=0.9651) in progesterone level in groups B, Cand D
when compared with control. On day 19, there was a
significant (p=0.0001) decrease in progesterone level
in groups B, C and D when compared with control as
shown in Table 5.

Progesterone/estradiol ratio during pregnancy
in rats exposed to PM. There was no significant
decrease (p=0.0884) in progesterone/estradiol ratio
in groups B, C and D when compared with control
on day 6 of pregnancy. However, on day 8, there was a
significant (p=0.0001) increase in progesterone/estra-
diol ratio in groups B, C and D when compared with
control. On day 19, there was a significant (p=0.0001)
increase in progesterone/estradiol ratio in groups B
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and C when compared with control; however, group
D was significantly decreased when compared with
the control as shown in Table 6.

Discussion

The developmental process is particularly vulner-
able to adverse environmental conditions including
exposure to pesticides. Results from this study
showed that administration of PM caused a decrease
in the number of implantation sites on days 6 and 8 of
pregnancy. There was also a decerase in fetal weight,
crown-to-rump lenght, umbilical cord lenght and
placenta weight on day 19 of pregnancy. At term, PM
reduced offspring birth weight, decreased litter size
and total number of pups born.

The reduction in the number of implantation sites
seen can be attributed to the alteration in the endo-
metrial environment, which is greatly contributed to,
by the significant change in hormone milieu as seen
in this study. It could also be due to the effect of the
organophosphate on the blastocyst or the final stage
of implantation (Paria et al. 1993; Carson et al. 2000).
Decrease in progesterone/estradiol ratio affected the
uterine receptivity thus leading to a decrease in the
number of implantation sites. (Carson et al. 2000;
Wang and Dey 2006). The roles of ovarian hormones
cannot be overemphasized for uterine receptivity
and implantation (Zhao et al. 2013). Progesterone is
essential for the induction of uterine decidualization,
which occurs during the peri-implantation period.
The results of this study show that administration of
PM during pregnancy caused a significant reduction
in both estradiol and progesterone level at certain
periods during gestation. Progesterone/estradiol
ratio can be used as a good predictor for implanta-
tion success or failure. Low progesterone/estradiol
ratio affects the number of implanting embryos in
rats (Hamid et al. 2012). Although the reduction in
progesterone/estradiol ratio on day 6 was not signifi-
cant, it could be one of the factors that contributed to
the reduced number of implants in the treated groups.

The reduction in the number of implants could also
be attributed to decrease in glandular and luminal
epithelial proliferation, which occurs as result of
significant drop in progesterone level (Mendoza-
Rodriguez et al. 2003).

Significant reduction in fetal and birth weight is
an indication of intra-uterine growth restriction
(IUGR) in organophosphates-exposed rats (Lesage
et al. 2004), which corroborates the results from this
study. The IUGR in this study was not due to reduc-
tion of gestational length or preterm delivery since
there was no significant difference in gestational
length between the control and the treated groups
(10 and 60 mg/kg body weight). Anticholinesterase
agents such as organophosphates may also have a
nonspecific regulatory effect on the growth, possibly
by an influence on placental transport of nutrients.
Pesticides have been shown to pass through the
blood-brain barrier and placenta and have also been
found in amniotic fluid (Bradman et al. 2003) indi-
cating direct contact with the fetus. In groups admin-
istered after implantation, there was no significant
difference in the number of fetuses in the treated
groups when compared with control but growth was
hampered as seen in the significant difference in fetal
weight. Fetuses and neonates are more vulnerable to
damaging effects of organophosphates because they
have lower levels of detoxifying enzymes that deacti-
vate organophosphates (Furlong et al. 2006; Holland
etal. 2006). The placenta is responsible for the transfer
of materials between fetal and maternal circulation.
Therefore, the fetal growth is closely linked to the
exchange roles of the placenta. The size of a fetus at
birth directly reflects the net transfer of water and
solutes across the placenta during the period of gesta-
tion (Desforges and Sibley 2010). This could also be
attributed to influence of PM on placenta transport
of nutrients as seen in the significant decrease in
placenta weight in the treated groups when compared
with control.

According to Chahoud and Paumgartten (2005),
lower body weight on day 19 of pregnancy accompa-

Progesterone/estradiol ratio at different days of pr[r‘:lg):fagcy in rats administered with pirimiphos-methyl.
Group A Group B Group C Group D
Day 6 3431.70+£379.35 2463.60+281.28 2329.76+216.96 2745.60+338.78
Day 8 594.50+46.90 1914.50£166.93* 1634.10£212.96* 2334.80+338.78*
Day 19 748.80+48.71 918.80+122.44* 1110.70£190.53* 354.30+41.77*

Group A - rats in the control group administered with distilled water only; Group B - rats administered with a dose of 10 mg/kg of
pirimiphos-methyl; Group C - rats administered with a dose of 60 mg/kg of pirimiphos-methyl; Group D - rats administered with a
dose of 120 mg/kg of pirimiphos-methyl. *p<0.05 vs. control (Group A).
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nied by a reduced crown-to-rump length indicate that
the fetal development is retarded for gestational age,
whichisinline with the result from this study showing
a significant reduction in fetal weight and crown-to-
rump length (CRL) in all doses compared with the
control. The umbilical cord is of importance for a
normal fetal development. It has also been reported
to be good indicator of fetal movement (Barron et al.
1991). A short cord has been associated with increased
risk of fetal malformation, fetal distress and possibly
placental abruption (Krakowiak et al. 2004; Olaya
and Bernal 2015). The significant decrease in the
length of umbilical cord in group D, in addition to the
decrease in placenta weight, could be another factor
responsible for the decrease in fetal weight on GD19.

Prenatal exposure to organophosphate pesticides
affects in utero and postpartum growth in many
animals, e.g. reduced birth weight and reduced post-
partum weight gain (Guney et al. 2007). The develop-
mental process is particularly vulnerable to adverse
environmental conditions including exposure to
pesticides.

The results from this study showed that adminis-
tration of PM to pregnant rats did not increase the

gestation period. This is in agreement with some
studies who found no association between gesta-
tional exposure to pesticides and duration of preg-
nancy (Grether et al. 1987; Fenster and Coye 1990;
Thomas et al. 1992). However, some studies have
shown that there was reduction in gestation length
leading to preterm delivery after gestational exposure
to pesticides (Eskenazi et al. 1999; Xiang et al. 2000;
Dabrowski et al. 2003).

Conclusion

This study showed that administration of PM
impaired pregnancy outcome such as fetal weight,
birth weight, crown-to-rump length, umbilical cord
length, litter size, and implantation in rats. The
hormonalimbalance influences the process of implan-
tation during the pregnancy as well as the pregnancy
outcome in rats. This study therefore suggests that
exposure to PM might impair the process of repro-
duction during pregnancy with probable long term
effect on the offspring health. This study is of impor-
tance to public health since this chemical is widely
used as pesticide.
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