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Abstract

Background: Genistein was reported to adversely influ-
ence fetal development although this is yet to be fully
understood as a mechanism.

Methods: In this study, pregnant rats were divided into
control (Cont.) and genistein force-fed (2-mg/kg and
4-mg/kg) groups. Each group was divided further into five
subgroups: GD-0, GD-6, GD-13, GD-18, and GD-20 based
on the terminal gestational day (GD). On the respective
terminal GD, the rats were sacrificed and blood samples
and amniotic fluid were carefully collected and separated
and placenta homogenates were prepared. These samples
were evaluated for oxidative stress and inflammatory
reaction. The weights of embryonic implant and pla-
centa tissue were also recorded. Heat shock protein (Hsp)
(60 and 90), corticosterone, and oxidative stress biomark-
ers were determined in all the samples.

Results: Fetal and placental weights in all genistein-
exposed groups were significantly decreased. A fluctua-
tion in the level of the Hsp was recorded with a signifi-
cant decrease recorded in Hsp90 level in the placenta and
amniotic fluid towards GD-20 along with a concomitant
increase in the corticosterone level in the amniotic fluid
in all genistein groups compared to control. Maternal
serum at GD-18 and GD -20 recorded a significant increase
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in antioxidant level (SOD, GSH, CAT) in all genistein-
exposed groups. However, these antioxidants were sig-
nificantly reduced in the placenta and the amniotic fluid
compared to control.

Conclusions: Genistein enhances the placenta function
in attenuating the risk of oxidative stress in the amniotic
fluid and deferentially suppressed inflammatory activities
in the placenta during early gestation and towards late
gestation period.

Keywords: amniotic fluid; genistein; heat shock protein;
inflammatory reaction; placenta; oxidative stress.

Introduction

Cellular aerobic metabolism is inextricably associated with
the generation of reactive oxygen species (ROS) [1], which
are capable of inflicting indiscriminate damage to the
body’s molecular building blocks, causing cell death [2].
Our body thus has an in situ antioxidant system to combat
the imbalances in the production and removal of the ROS,
which have been implicated in several diseases [1]. The
implantation of the blastocyst in the uterus is considered
an inflammatory process and, along with pregnancy, will
naturally provoke the generation of a large concentration of
ROS [3-6]. Endocrine disrupting chemicals can adversely
influence blastocyst implantation and embryonic devel-
opment [7], and substances such as leukocyte inhibitory
factor, heparin-binding epidermal growth factor, colony
stimulating factor-1, and interleukin-1 have all been impli-
cated in the blastocyst implantation process [8-10]. Gen-
istein, a phytoestrogen, has been reported to precipitate
adverse effects on pregnancy via such pathway, such as
reducing oocyte fertilization potential, hypothyroidism,
altered C-reactive protein, and leptin synthesis; generating
free radicals that alter DNA stability [11-13]; and reducing
fetal and placental developmental functions.

The primary functions of the placenta include provid-
ing the interface for the exchange of nutrients, gases, and
waste products between the fetal and maternal blood [14]
and the production of hormones and immunoglobulins
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essential for sustenance of pregnancy [15]. The placenta
also produces ROS, including nitric oxide and carbon
monoxide, with adverse consequences leading to troph-
oblast apoptosis and altered vascular reactivity [1, 16,
17]. Excessive production of ROS has been implicated in
pathological pregnancies such as in preeclampsia, espe-
cially towards late pregnancy with morbidity outcome [16,
17]. In the first trimester of pregnancy, establishment of
blood flow into the intervillous space is associated with
a burst of oxidative stress, with the possibility of loss
of the pregnancy when the body is unable to effectively
curb these increase in ROS [13, 17]. This study is aimed at
assessing the influence of genistein with reported antioxi-
dant activities on placenta oxidative status and inflamma-
tory activities in pregnant rats.

Materials and methods
Ethical approval

All protocols used in this study including animal welfare and group-
ing, humane euthanasia, animal dissection, sample collection, and
analysis were approved by the Research and Ethics Committee of Col-
lege of Medicine, University of Lagos (CM/HREC/11/16/071), and they
conformed to the guidelines for care and use of laboratory animals in
biomedical research [18].

Genistein chemical and preparation of stock solution

Genistein (purity, 98.2%) was purchased from Chengdu Biopurify
Phytochemicals Ltd., China. Genistein was prepared daily by sonica-
tion in a predetermined volume of distilled water.

Research procedure

Ninety-six female Sprague-Dawley (SD) rats with regular estrous
cycle and weighing 160-170 g were used for this study. They were
housed in clean plastic cages under 12-h light and 12-h darkness,
while clean water and phytoestrogen-free rat chow were provided ad
libitum. They were divided into three major groups (control, genistein
2 mg, and genistein 4 mg) with each group having five sub-groups
each, based on the terminal gestational day (GD) at which the ani-
mals were sacrificed, i.e. GD-0, GD-6, GD-13, GD-18, and GD-20. They
were mated at the ratio of two female rats to one mature male rat.
Successful mating was confirmed by the presence of sperm cell in the
vagina smear and a persistence diestrous thereafter.

The pregnant rats were randomly distributed to the groups at a
population of 30 rats per group and 6 rats per sub-group. The gen-
istein-exposed rats were administered genistein orally at a dose of
2 mg and 4 mg/kg body weight per day until their respective terminal
GD, while control received equal of distilled water, the vehicle for the
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genistein. Earlier reports from our laboratory had shown significant
adverse influence on pregnancy and fetal development at 2 mg and
4 mg/kg [11, 12]. There are several reports on the use of wide range
of doses of genistein covering between 0.2 mg/kg to 100 mg/kg body
weight in rodents [19].

Preparation of samples and assessment of inflammatory
reaction

Placenta tissue homogenate (10.0% w/v) was prepared by placing
1.5-g placental tissue pooled from each animal in a homogenizer
containing cold 5 mL of cold phosphate buffer. The homogenizer was
also placed in an ice bucket. The tissue was homogenized, and the
homogenate was centrifuged at 7000 rpm for 30 min at 10 °C. The
supernatant was carefully separated with a pipette into Eppendorf
tubes and stored at -8 °C until use. The heat shock protein HSP-60
and HSP-90 and corticosterone were assayed from the serum, amni-
otic fluid, and placenta homogenate samples using ELISA kits (Elab-
Science, China) according to the manufacturer’s instructions. All
samples were prepared in triplicates, and a standard was prepared
along with the assay.

Oxidative analysis

As a marker of lipid peroxidation, the level of malondialdehyde
(MDA) was measured by using the method of Yagi et al. [20]. The
reduced glutathione (GSH) was determined using the method
described by Tipple and Rogers [21]. Activity of the SOD enzyme
was also determined according to the method described by Kumar
et al. [22]. Catalase (CAT) was determined by measuring the expo-
nential disappearance of H,0, at 240 nm and expressed in units/
milligrams of protein, as described by Aebi et al. [23], while the
absorbance was recorded with a spectrophotometer (UV 160) in all
measurements.

Statistical analysis

All results were presented as mean+SEM, analyzed using ANOVA,
and subjected to post hoc test using Duncan’s multiple range tests
using Graph Pad Prism-5 statistical software. Differences were con-
sidered significant at p<0.05. Line graphs, bar charts, and tables
were used for ease of presentation.

Results

Maternal body weight, placenta, and fetus
weight in genistein-treated pregnant rats

Maternal body weight steadily increased with increasing
gestational duration in the control and genistein groups
(Figure 1). There was a significant increase in the body
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increase recorded at GD-18 and GD-20 as the pregnancy
progressed towards term. The amniotic fluid level of CAT
was significantly reduced at GD-18 and GD-20 in the 2-mg
and GD-20 in the 4-mg groups compared with control. Cat-
alase level in the placenta tissue was significantly reduced
all through from GD-13 to GD-20 in the 4-mg group, while a
significant decrease was only recorded at GD-18 followed
by a significant increase at GD-20 in the 2-mg group com-
pared with the control.

Serum MDA was not significantly different at all GDs
observed in this study and in all the 2-mg and 4-mg groups
compared with control. Serum GSH was significantly
lower at GD-6, GD-13, and GD-20, while it was significantly
increased at GD-18 in the 4-mg group compared with
control. The level of GSH was only significantly reduced
at GD-6, while it became significantly increased at GD-13
and 18 in the 2-mg group. Amniotic fluid level of GSH was
significantly reduced at GD-20 in both the 2-mg and 4-mg
groups. Placenta tissue level of GSH was significantly
increased at GD-13 in both the 2-mg and 4-mg groups,
while its level was significantly reduced with at GD-18
in both the 2-mg and 4-mg groups. The level remained
unchanged when compared with the control at GD-20 in
the 4-mg group, while its level was significantly reduced
at GD-20 in the 2-mg group.

Corticosterone level in maternal plasma,
amniotic fluid, and placenta homogenate

Serum corticosterone level remained unchanged in the
2-mg group at all GDs compared with control. The 4-mg
group, however, recorded significant decrease in serum
corticosterone level at GD-13 and GD-18, followed by a
significant increase in the level at GD-20 compared with
the control. The amniotic level of corticosterone was sig-
nificantly increased at GD-18 and GD-20 in the 2-mg group.
The 4-mg group recorded a significant decrease and a
significant increase in the level of hormone at GD-18 and
GD-20, respectively, compared with the control. While
the placenta tissue level of corticosterone remained like
that of the control at the various GDs measured, the level
was only significantly reduced at GD-18 in the 4-mg group
compared with control.

Heat shock protein in maternal plasma,
amniotic fluid, and placenta homogenate

In the serum, Hsp60 level was significantly reduced at
GD-6 and GD-13 in the 2- and 4-mg groups, while its level
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was only significantly reduced at GD-18 and GD 20 in the
2-mg and 4-mg groups, respectively. Hsp60 level was,
however, significantly increased at GD-18 and GD-20 in
the 4-mg and 2-mg groups, respectively. The amniotic
level of Hsp 60 was significantly reduced at GD-18 in the
2- and 4-mg groups as well as at GD-20 in the 4-mg group.
The amniotic Hsp60 level was, however, significantly
increased at GD-20 in the 2-mg/kg group (Figure 2).

There was an initial decrease in the serum Hsp90
towards GD-13 in the 2-mg group, followed by a sig-
nificant increase that peaked at GD-18 and a further
decrease towards parturition as recorded at GD-20 in
the 2-mg group. Similar pattern of serum Hsp-90 level
was recorded in the 4-mg group, but the initial decrease
peaked at GD-6. The decrease in serum Hsp-90 was fol-
lowed by a significant increase in its level from GD-13
to GD-18 and then a decrease towards parturition as
recorded at GD-20. The placenta Hsp90 pattern was
similar with a significant increase at GD-13 and, a sig-
nificant decrease at GD-18 and followed by a significant
increase at GD-20 in the 2-mg group. Placenta Hsp90
level in the 4-mg group was significantly higher at GD-13
but remained significantly reduced thereafter towards
parturition on GD-20. Amniotic Hsp90 level in the 2-mg
group was significantly reduced at GD-18 and GD-20,
while the level was significantly increased at GD-18 in
the 4-mg group but significantly reduced at GD-20 in the
same group (Table 3).

Discussion

In the present study, we investigated the influence of
genistein on oxidative stress dynamics and inflamma-
tory reactions across the feto-placenta-maternal serum
interphase. Genistein, the major isoflavone component
of soybean, has been shown to have mixed effects on
the reproductive systems of rodents depending on the
sex, time, and dose of exposure [24-26]. We reported the
detrimental effect of genistein on female rat’s estrous
cycle [12], its adverse effects on mating indices, fetal
and placenta development, occurrence of hypothyroid-
ism, disruption of the C-reactive protein, and leptin
synthesis with increased resumption of embryo [12].
In this study, a significant increase in maternal weight
was recorded in the 4-mg group at GD-18, while the pla-
centa and fetal weights were significantly reduced in
both 2-mg and 4-mg/kg groups, corroborating a previ-
ous report [12]. This adverse effect of genistein on pla-
centa and fetal development suggests that genistein
may adversely influence some of the mechanisms that
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amniotic fluid, and placenta homogenate in rats exposed to

genistein (Plates A and D are results from the maternal serum. Plates B and E are results from the placenta tissue. Plates C and F are results

from the amniotic fluid).

GD (n=8). Results expressed as mean + SEM, *significantly increased compared with the control on same GD (p <0.05 with the control).

control placental and fetal metabolic processes. Pla-
centa growth is predicated on nutrient availability and
the right hormonal milieu to which it also contributes
significantly [27]. The primary functions of the placenta
are to provide an immunological barrier between fetus
and mother; facilitate the transfer of the gases, water,
ion, and nutrient; and secrete a vast array of hormones
involved in cellular signaling [28]. Fetal nutrition and
growth are closely related to placenta functions with
increased placenta weight initiating corresponding
weight gain in the developing fetus [15]. The reduction
in the placenta weight recorded in the genistein groups
signals the possibility of the disruption of the cellular
components of the placenta, which may explain the
consequent reduction in the fetal weights. Placenta and
fetal weight are known to have the highest growth rate
at a window of growth towards late pregnancy [29].
Oxidative stress occurs in normal pregnancy due to
the increasing metabolic activities of the placenta and
the reduced scavenging power of the endogenous anti-
oxidants in handling the ROS [17, 30-32]. In this study,
oxidative stress level was highest in the maternal serum
and lowest in the placenta as the pregnancy progressed
towards term in all the genistein-treated groups and
control. Furthermore, at GD-20, which is some few hours
to delivery, there was a significant increase in oxidative
stress as indicated with the significant increase in the
serum level of SOD and CAT in all the genistein-exposed

groups compared with their levels in the control. This is
in addition to the increase recorded in the serum level of
GSH in the 2-mg genistein group. A significant increase
in placenta CAT was only recorded in the 2-mg group at
GD-20. Other authors have also reported increased level
of oxidative stress biomarkers in the placenta tissue from
early pregnancy [33].

Preeclampsia, which is characterized by poor fetal
growth, a resemblance of what we have earlier reported
in genistein-treated rats [11], has also been linked to
increased oxidative stress [34-36]. Thus, the placenta,
which serves as an interphase between the maternal
blood and the developing fetus, recorded a reduced oxi-
dative stress in this study and thus shielded the fetus
from overexposure to those stressors. Thus, there was a
significant decrease in the amniotic level of SOD (4 mg),
CAT, and GSH (2 mg and 4 mg) compared with control
(Tables 2 and 3).

Furthermore, the pattern of the serum level of corti-
costerone during pregnancy was maintained across the
various groups observed in this study. There was a sig-
nificant decrease in the serum corticosterone level with
the advancement in the age of pregnancy, followed by
an increase as the pregnancy approached term. The 4-mg
group, however, recorded a significant decrease and
increase in the serum level of corticosterone at GD-6 and
GD-20, respectively (Figure 3), compared with the control
group. Cortisol is an effective biological indicator of acute
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Figure 3: Corticosterone level in (A) serum, (B) amniotic fluid, and (C) placenta homogenate from rats exposed to genistein at different

gestational periods.

*Result significantly different compared with the control result on same gestation day.

stress response [37], and a high concentration in mater-
nal blood can negatively influence fetal development with
adverse consequents on pregnancy outcome and postna-
tal development [38, 39].

Although the developing fetus is partially shielded
from the direct impact of maternal cortisol by the pla-
cental enzyme, 11B-hydroxysteroid dehydrogenase type 2
(11B-HSD2), the enzyme that oxidizes cortisol to its inac-
tive form cortisone, some amount of cortisol still finds
their way through the placenta to the fetus, as recorded in
this study and as reported by other authors under differ-
ent conditions [40]. The level of cortisol may rise when the
placenta integrity is further compromised by increased
oxidative stress. The amniotic level of corticosterone was
thus significantly increased at GD-18 in the 2-mg group
and GD-20 in both the 2-mg and 4-mg groups compared
with the control in this study. There are several reports
with evidence indicating that increased exposure of the
fetus to glucocorticoids especially at mid- to late preg-
nancy will result in adverse outcomes including intrauter-
ine growth restriction (IUGR) [41-44], several metabolic
diseases, and cardiovascular-related diseases [45, 46].
Therefore, the significant increase in corticosterone level
recorded in the amniotic fluid of all the genistein-exposed
rats in this study may partly explain the mechanism by
which genistein precipitated a significant reduction in

growth of the placenta and the developing fetus [11, 12], a
resemblance of IUGR.

The recognition of oxidative stress across the mater-
nal circulation, placenta, and amniotic fluid compart-
ments prompted us to evaluate the inflammatory activities
across the maternal circulation cum placenta-amniotic
fluid. Our previous report indicated a significant decrease
and increase of C-reactive protein [12], a biomarker of
inflammation at the early stage of pregnancy and towards
term, respectively, in the maternal plasma. Placentation
was signaled by the invasion of the uterine wall by the
syncytiotrophoblast [16, 47], and the remodeling of the
maternal spiral arteries, with the invasion of the decidua
and myometrium of the uterine wall by the cytotropho-
blasts, in which the placental epithelial cells are in a pro-
inflammatory phase [7].

In this study, the serum level of the heat shock
protein-60 (Hsp60) was significantly lower in the 2-mg
and 4-mg genistein-treated groups compared to control
at the early stage of pregnancy, signifying a reduction
in the inflammatory activities in the genistein-treated
groups. Hsp60 is a highly immunogenic protein whose
synthesis has been reported to be greatly upregulated
under non-physiological conditions [48]. The Hsp pro-
teins are involved with body immune responses [49]
and the folding and translocation of newly synthesized
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proteins, protecting cell from structural defects.
However, increased serum level of Hsp90 especially
around GD-6 towards GD-20 was more pronounced than
that of Hsp60, which recorded a significant surge from
GD-13. In addition, all the samples analyzed in this study
recorded a higher concentration of Hsp90 in multiples
of tens in the serum and hundreds both in the amniotic
fluid and the placenta, respectively. This gave an indi-
cation that Hsp90 is a better biomarker of inflammatory
activities than Hsp60 in this study. The 4-mg/kg group,
however, recorded a similar surge in serum Hsp60 and
Hsp90 between GD-13 and GD-18, giving an indication of
increased inflammatory activities around this period of
pregnancy in genistein-exposed rats.

Although the amniotic fluid level of Hsp60 was only
significantly increased in the 2-mg/kg group, from GD-18
towards GD-20 in this study, the level of Hsp90 was both
significantly increased and reduced at GD-18 and GD20,
respectively, compared with control. Placenta level of
Hsp60 was, however, significantly lower at GD-20 com-
pared to control, while Hsp90 level was significantly
reduced in the placenta tissuess samples at GD-20 in both
2-mg and 4-mg groups. The detection of Hsp60 and Hsp70
antibody complexes in the placenta has been suggested
to contribute to the induction of preterm birth resulting
in adverse pregnancy outcome [50]. Thus, the presence of
Hsp60 and Hsp90 in the placenta as recorded in this study
will partly explain the earlier reported increased resorp-
tion of embryonic implants in female rats exposed to 2-mg
and 4-mg genistein [11, 12].

In conclusion, despite the increased oxidative stress
in maternal blood, genistein antioxidant activities
enhanced the placenta functions in reducing the transfer
of the stressor across into the amniotic fluid. However, the
inflammatory activities across the placenta in relation to
both maternal blood and amniotic fluid were adversely
affected, leading to increased corticosterone delivery
through the placenta to the amniotic fluid especially in
late pregnancy. These are suggestive of mechanistic path-
ways for genistein-mediated adverse effects on both pla-
centa and fetus in rodents.
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