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Abstract
Biochanin-A (BCA) is an isoflavone, chemically called as 4-
methyl genistein. It is plant derived non-steroidal
compound, possesses estrogen like biological activity. The
present study focussed on the changes of reproduction in
female rats exposed to BCA during the perinatal period.
Pregnant rats were intra peritoneally exposed to 25 mg,
50 mg and 100 mg/kg body weight (wt.) on gestation days
12th, 14th, 16th and 18th. Rats were allowed to deliver
pups and the BCA exposure was continued lactationally till
weaning. Female pups were separated and fed with
normal pellet for 80 days and then estrus cycle length was
measured. Significant increase in the duration of the
estrus cycle was measured in rats exposed to BCA during
the perinatal period. To assess the reproductive
performance of BCA exposed female progeny, mated with
90days old normal males. Observed increase in the
conception time and decrease in the number of
implantations, and also increase in pre and post
implantation loss. To confirm the BC-A induced
reproductive abnormalities in females computationally,
docking studies was performed with aromatase and β
estrogen receptor (β-ER) and in comparison with its
substrates androstenedione and estradiol respectively
along with BC-A and found strong competitive inhibition
by BC-A with the substrates of aromatase and β-ER. It is
very clear from the result that pre and post natal exposure
of BCA suppresses the female reproduction in rats.

Keywords Phytoestrogen; Biochanin-A; Estrus cycle;
Conception time; Implantation-loss; Aromatase; β estrogen
receptor

Introduction
Phytoestrogens are non-steroidal compounds which mimic

like estrogen in animal systems [1] and are structurally similar
to 17 β-estradiol (E2) which is a mammalian estrogen [2,3].
Structurally phytoestrogens are classified in to four main
categories: iso-flavonoids, flavonoids, stilbenes and lignans.
Isoflavones are found mainly in soy and red clover, in the form

of glycosides (genistein and daidzein). Besides glycosides,
isoflavones are also found in three different forms, aglycones
(unconjugated), acetyl glycosides and malonylglycosides [4].
Once ingested, genistin and daidzein get rapidly metabolized in
the gut by β-glucosidases to their aglycone form, i.e., genistein
and daidzein [5,6]. Genistein and daidzein are also formed by
bacterial de-methylation of biochanin A and formononetin,
respectively [7]. Isoflavonoids are comparatively similar to
17β-estradiol, and are having binding affinity for both ER-α and
ER-β [8]. Similarly most of phytoestrogens bind to ERβ [9].

These phytoestrogens act as both agonists and antagonists
by mimicking the mammalian estrogen (E2) [10]. Mostly
phytoestrogens are shown to bind with two types of estrogen
receptors, estrogen receptor-α (ER-α), estrogen receptor –β
(ER-β) from rats [11] and humans [12]. Phytoestrogens are
having stable structure and low molecular weight, due to this
they can pass through the cell membrane and can bind to
estrogen receptors thereby induce the expression of estrogen-
responsive gene products and alter the steroid hormone
metabolism [13,14].

Biochanin-A and formononetin are the 4-O-methyl
derivatives of genistein and daidzein respectively, and the
more dominant isoflavones found in alfalfa [15], red clover,
chick peas [16] and in other legumes. Isoflavones exert
beneficiary effects in prevention of cancer, cardiovascular
diseases and osteoporosis. It is well reported that isoflavones
can adversely affect development, male and female
reproduction [17,18] and it was proved in rats [19,20] and
male mice. The phytoestrogen genistein exposure causes the
abnormalities in the estrus cycle length, due to the abnormal
function of hypothalamic-pituitary-ovarian axis function [21].
BCA prevent chemical induced tumour carcinogenesis and
tumour growth after implantation in animals [22-24]. Besides
anti-cancers properties isoflavone also reduce the loss of bone
mineral density in females [25] and lower LDL cholesterol in
males. But no clear reports are there on BCA induced
reproductive abnormalities in rats.

Lot of information is available on phytoestrogens in the web
[26] listed the databases related to phytoestrogens. The most
prominent database for information on isoflavones is available
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with USDA, United States (2008). In vitro studies revealed that
most phytoestrogens, including the isoflavones activate ER-
dependent gene transcription by binding both α-ER and β-ER,
and both, α-ER and β-ER have a higher relative binding affinity
with isoflavones [27-29].

To identify the female reproductive abnormalities caused by
any agent the most common molecules to be studied are
estrogen receptors (ERs) and the female specific enzyme
aromatase and their interactions with endocrine disruptors
(EDs). Though there are two ER subtypes α-ER and β-ER, using
for in vitro studies, the dominant subtype, which responds
predominantly to phytoestrogens is β-ER [30,31]. The studies
performed with β-ER are clearly indicating the reasons why the
female reproduction is disturbing by the endocrine disruptors
including phytoestrogens [30,31].

The second molecule is the enzyme aromatase converts
androstenedione to estrone in ovarian tissue, mostly used for
inhibiting the said conversion in postmenopausal women. In
women estrogen biosynthetic pathway aromatase is a rate
limiting enzyme. Interaction studies (docking) of
phytoestrogens with β-ER and aromatase computationally will
reveal the mechanism of action of phytoestrogens in
suppression of female reproduction.

The present study is focused on BC-A induced reproductive
abnormalities in the female rats exposed during gestation and
lactation, and to support the results docking studies is also
performed computationally in between the phytoestrogens
and the marker molecules β-ER and aromatase along with
their respective substrate molecules.

Materials and Methods

Chemicals
The test chemical BCA was purchased from Sigma Aldrich,

St Louis, MO, USA, and all other chemicals were purchased
from Merck, Mumbai, India and HiMedia private Limited
Laborateries, Mumbai, India.

Maintenance of experimental animals
Healthy Wistar strain rats were purchased from authorized

dealer (M/S Raghavendra Enterprises, Bangalore, India). Rats
were housed in polypropylene cages (18" × 10" × 8") lined with
sterilized paddy husk, and provided filtered tap water and
standard rat food (purchased from SaiDurga Agencies,
Bangalore, India) (ad libitum). They were maintained in a well-
controlled environment (temperature 25 ± 2°C; 12-hour light
and 12-hour dark cycle, humidity 50 ± 10%). The experiments
were carried out as per with the guidelines given by the
Committee for the Purpose of Control and Supervision on
Experiments on Animals, Government of India (CPCSEA, 2003)
and approved by the Institutional Animal Ethical Committee at
Sri Venkateswara University, Tirupati, India (Resolution No.
10/(i)/a/CPCSEA/IACE/SVU/PSR-MRA).

Biochanin-A exposure
A total of twenty four female rats were mated with control

males and are divided in to four groups of each having six
animals. The first group served as control and received 100%
DMSO. The second, third and fourth groups are served as
experimental groups and received 25 mg, 50 mg and 100 mg
BCA (dissolved in 100% DMSO) per kg body weight
respectively on 12th, 14th, 16th and 18th day of gestation. All
the rats were fed with normal pellet diet and were allowed to
deliver pups. The BCA exposure was continued during lactation
until weaning.

The female pups of each group were separated, maintained
in separate cages and fed with normal pellet diet. Then estrus
cycle length was measured at the age of 80 days and fertility
studies were conducted by mating normal mature (90 days
old) male rats.

Length of estrus cycle
The reproductive cycle of female rats is called estrous cycle

and is characterized as proestrous, estrous, metaestrous and
diestrous [32,33]. The ovulation occurs from the beginning of
proestrous to the end of estrous [34,35]. From the onset of
sexual maturity up to the age of 12 months, the mean cycle
length of estrous cycle in the normal female rat is 4 days
[32,33,36].

Three successive estrous cycles were measured both in
controls and experimental females by vaginal smear test [37].
The vaginal smear of all female rats was examined by the
method described by [37] and reviewed by [38]. Different
stages of estrous cycle were observed in all the females early
in the morning by collecting vaginal fluid. In brief vaginal
smear was taken by injecting few drops of normal saline (0.9%
NaCl) in to the vagina, collected with a micro-tipped pasture
pipette and placed on a clean plain glass slide. The cells in the
smear were observed under a phase contrast microscope
(Olympus, Model no: BX41TF, USA) so as to identify the
different phases of estrous cycle.

Fertility test
After the measurement of three successive estrous cycles,

control and experimental females were co-habited with
normal males in a ratio of 1:1. The presence of vaginal plugs or
spermatozoa in the vaginal orifice was considered as
successive mating and also as gestation day one (GD1). Food
consumption, weight gain and clinical signs of toxicity were
measured daily in pregnant rats throughout the
experimentation. Six rats from each group were sacrificed by
cervical dislocation on day six of gestation (GD6).

The peritoneal cavity and uterus were opened and the
number of implantation sites and resorption sites were
recorded [39]. The ovaries were isolated and the number of
corpora lutea was determined. The remaining animals were
sacrificed on day 18 of gestation (GD18) and the numbers of
live and dead foetuses in the uterus were determined and no
attempt was made to further characterize the dead or
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resorbed foetuses. All live foetuses removed from the uterus
were sexed, weighed and inspected for external
malformations.

Data were analyzed to determine the pre-implantation loss
(difference between the number of corpora lutea and the
number of implantation sites, expressed as per number of
corpora lutea), and post -implantation loss (difference
between the number of implantation sites and the number of
live fetuses, expressed as per number of implantation sites) by
following formula:

In silico analysis
In order to find out the role of BC-A in female reproduction,

in silico analysis was carried out to the enzyme human
aromatase and β-Estrogen receptor.

Study of aromatase
A key enzyme aromatase is involved in conversion of

androstenedione in to estrone in ovarian steroidogenic
pathway in females. We selected aromatase for biding studies
with BC-A.

Energy minimization for aromatase
The crystal structure of aromatase enzyme (PDBID: 3POL) of

Human was downloaded from Protein Data Bank and water
molecules were removed. The 3POLwas energy minimized
using MOE 2008 version. All hydrogen atoms were included
before running energy minimization program. For energy
minimization MMFF94X force field was used. 0.05 Gradient
was set with a cutoff of 8-10.

Docking of aromatase with biochanin-A
Molecular docking studies were performed with BC-A and

Andostenedione against energy minimized estrogen receptor
(PDB ID: 1ZQ5) using Dock algorithm present MOE 2008
software. The molecular interactions between protein and
ligands were interpreted using PyMOL.

Study of β-Estrogen receptor
In addition to aromatase, human β-Estrogen receptor was

also used for in silico studies.

Energy minimization for β-estrogen receptor
The crystal structure of β-Estrogen receptor protein (PDBID:

3POL) of Human was downloaded from Protein Data Bank and
water molecules were removed. The 3POLwas energy
minimized using MOE 2008 version. All hydrogen atoms were
included before running energy minimization program. For

energy minimization MMFF94X force field was used, 0.05
Gradient was set with a cutoff of 8-10.

Docking studies of β-estrogen receptor with
biochanin-A

Molecular docking studies were performed with BC-A and
estradiol against energy minimized estrogen receptor (PDB ID:
1ZQ5) using Dock algorithm present MOE 2008 software. The
molecular interactions between protein and ligands were
interpreted using PyMOL.

Statistical analysis
The data were analysed statistically by using the statistical

programme Instat and data was processed with two- way
ANOVA followed by student’s t-test. The p<0.05 considered as
significant.

Results
Throughout the experiment no mortality was observed both

in control and treated groups. Increased aggressive behavior
during development of females (from pups to adult stage)
exposed prenatally to BC-A was observed with increased
concentrations of BC-A (25 mg, 50 mg and 100 mg/kg body
weight) when compared to control females. No significant net
body weight gain and food consumption was observed in BC-A
exposed females than the control rats (data not shown). In
control and BC-A exposed females the length of three
successive estrous cycles was measured. There is a significant
increase in the estrous cycle length in in utero BC-A exposed
females when compared to the controls (Table 1).

Table 1: Change in the length of estrous cycle in females
exposed to BC-A in utero. Values are mean ± S.D of six
individuals. Values in the parentheses are percent changes
from control. Mean values with the same superscript do not
differ significantly from each other. a - not significant; b, c
anddare significant at p<0.05, p<0.001 and p<0.0001
respectively.

Group Estrous cycle length

Control 5.08a ± 0.69

25 mg BCA /kg BW 5.57b ± 0.69 (9.64)

50 mg BCA /kg BW 6.32c ± 1.01 (24.41)

100 mg BCA /kg BW 7.32d ± 0.95 (44.09)

Increase in the length of estrous cycle is in a dose
dependent manner in the experimental rats (25 mg/kg body
wt. 9.64%; 50 mg/kg body wt. 24.41% and 100 mg/kg body wt.
44.09%) (Table 1). There were no significant changes observed
in the duration of the first three phases of estrous cycle length
i.e., proestrous, estrous and metaestrous phases in BC-A
exposed females with controls, but the change is significant (p
< 0.001) in diestrous phase (Figure 1).
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Figure 1: Effect of BC-A on the estrous cycle of female rats
exposed in utero.

In the three successive estrous cycles, the mean length of
the diestrous phase observed for control females is 2.08 ±

0.16, and for experimental females is 2.41 ± 0.16, 2.83 ± 0.43
and 3.41 ± 0.31, respectively to 25 mg, 50 mg and 100 mg BC-
A/kg body weight exposure. The mating ratio of control males
with control and experimental females in the present
experiment is 1:1 (Table 2).

Significant increase in the conception time was observed in
all the experimental groups when compared to the control
group. The percent change in the conception time is also
significant among the experimental groups i.e., 25 mg BC-A/kg
body wt.received (63.16%) to 50 mg BC-A/kg body wt.
received (187.97%) and to 100 mg BC-A/kg body wt. received
(363.91%) (Table 2).

The measured fertility index revealed that the decrease in
percent change is significant in 50 mg and 100 mg BC-A/kg
body wt. exposed females (16.67% and 33.34% respectively)
when compared to control and 25 mg BC-A/kg body wt.
received females (Table 2).

From all the groups the ovaries were dissected out, weighed
wet and corpora lutea was calculated and found no
significance from control to experimental groups (Table 2).

Table 2: Effect of in utero exposure of Biochanin-A on reproductive performance of female rats.Values are mean ± S.D of six
individuals; # n = 3. Values in the parentheses are percent changes from that of control. Mean values with the same superscript
do not differ significantly from each other. a - not significant; b, c and d are significant at p < 0.05, p < 0.001 and p < 0.0001
respectively.

Parameters Control 25 mg/kgBW 50 mg/kgBW 100 mg/kgBW

Mating index (%) 100 (6/6) 100 (6/6) 100 (6/6) 100 (6/6)

Conception time (days) 1.33a ± 0.51 2.17b ± 0.41

(63.16)

3.83c ± 0.98

(187.97)

6.17d ± 0.75

(363.91)

Fertility index (%) 100 (6/6) 100 (6/6) 83.33 (5/6) 66.66 (4/6)

No. of corpora lutea/rat 13.33a ± 0.81 13.17a ± 0.81

(-1.20)

12.8a ± 0.84

(-3.97)

12.5a ± 0.58

(-6.22)

No. of implantations/rat# 11.67a ± 0.52 10.83ab ± 0.98

(-7.18)

9.4b ± 0.55

(-19.45)

7.25c ± 0.50

(-37.87)

Pre- implantation loss (%)# 12.45 17.78 26.56 42.0

No. of live fetuses/rat# 11.33a ± 0.58 10.33a ± 0.58

(-8.82)

8.67b ± 0.58

(-23.47)

6.5c ± 0.71

(-42.63)

No. of resorptions/rat# 0a 0.67b ± 0.58 1.33b ± 0.58 3.33c ± 0.58

Resorptions index (%) 0 6.19 14.15 45.93

Post- implantation loss (%)# 2.91 4.62 7.76 10.34

The number of implantations was decreased significantly
from controls (11.67 ± 0.52) to BC-A exposed experimental rats
(Table 2).

Significance in decrease of implantation sites was also
observed among the experimental groups (25 mg BC-A/kg
body wt. received > 50 mg BC-A/kg body wt. received > 100
mg BC-A/kg body wt. received; 10.83 ± 0.98 > 9.4 ± 0.55 > 7.25
± 0.50 respectively).

The percentage of pre-implantation loss was observed to be
the significant (p < 0.001) at the dosage of 50 mg and 100 mg
BC-A/kg body wt. when compared to control females and is
almost 42.0% loss was recorded in 100 mg BC-A/kg body wt.
exposed females.

Figure 2 clearly showing the pre-implantation loss in 100 mg
(D), 50 mg (C) and 25 mg (B) BC-A/kg body wt. exposed rats in
contrast with control (A) rats.
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Figure 2: Pre-implantation sites of rats exposed to different
concentrations of BC-A.A. Control; B. 25 mg BCA/kg body
weight; C. 50 mg BCA/kg body weight; D. 100 mg BCA/kg
body weight.

The number of live fetuses was also counted in this study
and significant (p < 0.001) decrease was observed in 50 mg
(8.67 ± 0.58) and 100 mg (6.5 ± 0.71) BC-A/kg body wt.
exposed females when compared to control and 25 mg BC-
A/kg body wt. exposed rats.

The decrease in the percent change of number of live
fetuses was also significant among 50 mg (-23.47%) and 100
mg (-42.63%) BC-A/kg body wt. exposed females.

The significant increase (p < 0.001) in the number of
resorption sites was observed in BC-A exposed females when
compared to controls (Table 2).

Significant in increase in the number of resorption sites was
also observed among the experimental groups (25 mg BC-A/kg
body wt. received > 50 mg BC-A/kg body wt. received > 100
mg BC-A/kg body wt. received; 0.67 ± 0.58 > 1.33 ± 0.58 >3.33
± 0.58 respectively).

The increase in the percentage of resorption index is
significant among the 50 mg and 100 mg BC-A/kg body wt.
(14.15% and 45.93% respectively) when compared to control
and 25 mg BC-A/kg body wt. (6.19%) exposed females.

Similarly the percentage of post implantation loss was
significant in 100 mg BC-A/kg body wt. exposed rats, followed
by 50 mg and 25 mg BC-A/kg body wt. exposed rats when
compared to control females (10.34%, 7.76% and 4.62%
respectively) (Table 2) and is shown in the (Figure 3).

Figure 3: Post-implantations of rats exposed to different
concentrations of BC-A.A. Control; B. 25mg BCA/kg body
weight; C. 50mg BCA/kg body weight; D. 100mg BCA/kg
body weight.

Docking studies on energy minimized structure of human
aromatase with BC-A and androstenedione was performed
computationally and found that BC-A has greater binding
affinity (-15.3416 kcal/mol) than androstenedione (-10.0146
kcal/mol) (Table 3 and Figure 4). From the docking studies it is
also clear that BC-A and androstenedione interacts with
aromatase enzyme competitively. BC-A and androstenedione
are in contact with aromatase by 14 amino acids.

Table 3: Binding energies of aromatase and β-Estrogen
receptor protein with Biochanin-A and its substrates
Androstenedione and Estradiol.

Ligands Aromatase β-Estrogen
receptor protein

Estradiol (ER Substrate) --- -11.875

Androstenedione (Aromatase
substrate)

-10.015 ---

Biochanin-A -15.342 -12.953

The interacting amino acids of aromatase with BC-A are
IsoLeu -133, Phe -134, Arg -115, Leu -152, Ala -306, Val -370,
Leu -372, Val -373, Leu -477, Ala -438, Cys -437, Gly -439, Thr
-310, Cys -437. The amino acids of aromatase which interact
with androstenedione are Arg -115, Phe -134, IsoLeu -133, Trp
-224, Phe -221, Leu -372, Val -373, Met -374, IsoLeu -305, Ala
-306, Asp -309,Thr -310, Ser -478, Leu -477. It seems that BCA
may competitively inhibit the binding of androstenedione with
aromatase.

Both BCA and estradiol interacts with estrogen receptor.
Total 19 amino acids are involved in the interaction of estradiol
with β-estrogen receptor and are; Thr -299, Leu -298, Met
-295, Leu -301, Ala -302, Glu -305, Met -336, Leu -339, Met
-340, Leu -343, Arg -346, IsoLeu -373, IsoLeu -376, Phe -377,
Leu-380, His -475, Leu -476, Phe -356, Gly -472. Similar to
estradiol, BC-A also have interaction with 19 amino acids of β-
estrogen receptor such as; Met -295, Thr -299, Leu -298, Leu
-301, Ala -302 , Glu -305, Phe -356, Leu -339, Leu -343, Met
-336, Arg -346, Met -340, IsoLeu -373, IsoLeu -376, Gly -472,
His -475, Leu -476, Met -479, Val -484. It seems for the
estrogen receptor-β the BC-A acts as competitive inhibitor for
its natural substrate estradiol.
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Figure 4: Docked conformation of energy minimized
structure of β-estrogen receptor protein (Ribbon Cartoon
model) showing the interaction with its natural substrate 17
β - estradiol (Mejenta colour) and the phytoestrogen BC-A
(Red colour). A. Broad view B. View at binding site.

Similarly docking studies were also performed in silico in
between energy minimized structure of human β-estrogen
receptor with BC-A and estradiol and found that BC-A binds
with greater binding affinity (-12.9531 kcal/mol) than that of
estradiol (-11.8748 kcal/mol) (Table 3 and Figure 5).

Figure 5: Docked conformation of aromatase (Ribbon
Cartoon model) showing the interaction with its natural
substrate (ligand) androstenedione (Mejenta colour) and
the phytoestrogen BC-A (Red colour). Blue colour molecule
is co-enzyme. A. Broad view B. View at binding site.

Discussion
Many environmental contaminants (Natural and manmade

chemicals called xenoestrogens) are directly affecting both
wild life and human health in recent years. Many of them are
acting as endocrine disrupting chemicals (EDCs) and capable of
affecting almost all hormonally regulated functions especially
reproduction [40]. Reports are also well established on phyto
and xenoestrogens caused infertility in humans and rats
(implantation, gestation, and fetal growth) [41-44]. The
research on phytoestrogens demonstrates that their effects on
the female genital tract depend on the age at which exposure
occurred and its duration. Neonatal exposure results in severe
alterations in the reproductive physiology of females (Burton

and Wells). The effect of phytoestrogens (isoflavones) also
depends on the level of endogenous estradiol, since
isoflavones and estradiol are comparatively similar and
competing for their binding on ERs. If high concentrations of
endogenous estrogens level is occurred (e.g. women in the
follicular phase of the menstrual cycle), isoflavones may block
full estrogen activity by occupying a site of the ERs. If low
concentrations of endogenous estrogens occurred (men,
women in menopause, after ovariectomy, etc.), the estrogen
activity of isoflavones may become clear [30,45,46].

The role of phytoestrogens in causing infertility was
recognized by signs of estrogenism, including mammary
development, swelling of the vulva, discharge of cervical
mucus, and enlargement of the uterus [47]. The present study
was focused to elucidate the prenatal effect of BC-A a
phytoestrogen on reproductive health of female rats. During
the experimentation the female rats were exposed to BC-A (25
mg, 50 mg and 100 mg/kg body wt.) in utero, and observed
aggressive behavior in a dose dependent manner. The
aggressiveness is not only restricted to the female parent it
was also recorded in the female young ones during
development. The aggressive behavior in female rats was
observed in many studies where the animals are exposed to
xenoestrogens and phytoestrogens [45]. Studies conducted on
animal and human beings stating that the estrogenic activity of
phytoestrogens are shown to be on the adult hypothalamic-
pituitary-gonadal axis which finally leads to hormonal
imbalance followed by infertility [21]. However aggressive
behavior of injected and exposed females may be due to
imbalanced hormonal regulation caused by the external
agent(s), in this study may be BC-A.

The estrous cycle length measured in the present study was
increased with increased concentrations of BC-A in rats. In the
estrous cycle especially the di-estrous phase length was
increased significantly in a dose dependent manner. Altered
timing of pubertal onset and estrouscyclicity following
perinatal phytoestrogen exposure has been reported in
rodents [21,48-50]. Hooper et al. [51] proved that isoflavone
intake increases the menstrual cycle length bysuppressing the
LH and FSH levels in pre-menopausal women. Similarly the BC-
A exposure may increase the estrous cycle length by
decreasing the hormones in rats, which may leads to
prolonged di-estrus phase. Jefferson et al. [21] studied the
neonatal exposure of phytoestrogen genistein on female
reproduction in mice and observed the abnormal estrous
cycles and ovulation. Altered ontogeny of hypothalamic
kisspeptin signalling pathway and ovarian development in the
female rat exposed to genisteinneonatally was also studied
[52]. The timing of pubertal onset and estrouscyclicity is
regulated by hypothalamic kisspeptin signalling pathways and
gonad regulating hormone (GnRH) and explains abnormal
estrouscyclicity. Henry and Witt [53] was studied the
disruption in the estrous cycle by resroveratrol in adult rats.
Perinatal exposure to genistein in female mice (10 mg/kg body
wt.) or rat (0, 5, 100, 500 ppm) accelerates vaginal opening,
advances pubertal onset by altering estrous cycle and also
increases the length of the estrous cycle [54]. More recently in
female mice and rat perinatal genistein exposure accelerates
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the onset of persistent estrus, causes abnormal estrous cycles,
decreases fertility, delays parturition [55] and decreases the
number of live pups in adulthood [21]. Similarly Murthy et al.
[56] demonstrated the administration of benzene extract from
flowers of H. rosasinensisintraperitoneally to adult female
albino mice and found an irregular oestrous cycle in specific
prolonged oestrous and metestrous with a dose dependent
manner and also observed the decrease in the number of
Graafian follicles, an absence of corpora lutea, and an
increased number of atretic follicles and this may be the way
that BC-A decreasing the diestrous phase in the exposed
female rats.

In the present study, though the mating ratio of male and
female (i.e., 1:1) is same in the control and BC-A exposed
groups, the measured conception time was significantly
increased in a dose dependent manner in BC-A exposed
females than the controls. Significant change in fertility index
of 50 mg and 100 mg BC-A/kg body wt. exposed females was
observed and no significant change was observed in 25 mg BC-
A/kg body wt. exposed females when compared to controls.
Conception time was observed to be significant among the
experimental groups. Similar studies were reported in rat and
in mice. Pushpalatha [57] observed the significant decrease in
the conception time by mating of normal males with in utero
proluton depot exposed females. Significant change in the
conception time and fertility index in BC-A exposed females is
may be due to the decreased fertility by the phytoestrogen BC-
A.

Some of the phytoestrogens like genistein exposure during
development period disturbs the fertility of females [21,58].
Genistein even at environmentally relevant doses neonatally
had shown adverse effects on female development and
reproduction in CD-1 mice [21]. No change in the weight of
corpus lutea was observed in control to experimental groups
indicates that the BC-A has no direct effect on corpus lutea of
female rats. However BC-A has significant effect on
implantation sites. BC-A exposure decreases the number of
implantations in a dose dependent manner.

Neonatal genistein can also interfere with ovarian
differentiation resulting in ovarian malformations indicative of
impaired fecundity such as multi-oocyte follicles, and
attenuated oocyte cell death [58,59]. Ovarian defects,
including the absence of corpora lutea, the presence of large
antral-like follicles with degenerating or no oocytes and
numerous ovarian cysts have also been observed following
neonatal genistein exposure in rats [48]. The obstruction of
estrogen receptors by phytoestrogens, prevents the growth of
follicles and hence, reduce the number of corpora lutea [60].
Though BC-A is not showing the effect on corpus lutea, it
decreases significantly the implantation sites, number of live
fetuses with increased post-implantation loss which ultimately
increases the pre-implantation loss, number of resorptions
and resorption index. This is all may be due to the BC-A caused
deterioration of follicles in the exposed females.

Numerous studies have been shown DNA methylation in the
germ cell ensued increase in pre-post implantation losses
[61,62]. In this way isoflavones are being increasingly used as

an alternative for hormonal replacement therapy in post -
menopausal women, especially in cases of long-term
administration [63]. In the present study loss of pre and post–
implantations are significant and decrease in dose dependent
manner. The number of live fetuses observed to be decreased
significantly in females exposed in utero to 50 mg and 100 mg
BC-A/kg body weight when compared to controls and no
change was seen with females exposed to 25 mg BC-A/kg body
wt. in utero. Implantation of blastocyst in the uterine
endometrium is the basic feature of mammalian reproduction.
Estrogen and progesterone play a main role in synchronizing
the oviductal transport of pre-implantation embryo and
development of a receptive uterus. The absence of estrogen in
the pregnant rat at the time of implantation induces a state of
dormancy of the embryo, and implantation is delayed.
However if the rat is maintained on progesterone, a single
injection of a very low amount of estrogen can induce
implantation [64-66].

In animal models anti-fertility and abortifacient activities of
phenolic and phytosterols have been confirmed [67]. The
resorption index and post-implantation loss shows correlation
between the number of implanted blastocysts and those that
have not developed [68,69]. The reduction in the resorption
index in the post-implantation losses shows the abortifacient
or foetal resorption properties. Similar findings were reported
by Dabhadkar D [70] inplumeriarubra pods extract and by
Yakuba MT [71] in Sennaalata leaves. Increase in the
resorption index shows the failure in the development of
embryo. Such occurrence of fetalresorption suggests that
interruption of pregnancy occurred after implantation of the
fetus [72].

Basically phytoestrogens are observed to inhibit the
hypothalamic-pitutary-gonad axis for secretion of
leutinizinghoromone releasing hormone (LHRH) there by
leutinizing hormone (LH). LH is involved in the ovulation of
follicles by secreting the progesterone from corpus luteum.
Exposure of phytoestrogens causes the permanent oestrous in
mammalian females by inhibiting the secretion of
progesterone. In general phytoestrogens are less potent ER
agonists than endogenous estrogens [73]. But in the present
computational docking studies the isoflavonoid BC-A has
showed high binding energy with β-ER than the endogenously
occurring estrogenestradiol and the interaction between the
β-ER with BC-A and estradiol is with 14 amino acids. Similarly
docking of BC-A with an aromatase, rate limiting enzyme in
estrogen biological synthetic pathway and its substrate
androstenedione and revealed that the binding energies of
aromatase is higher with BC-A than its natural substrate. There
are 19 amino acids of aromatase is interacting with both BC-A
and androstenedione. Though the number of interacting
amino acids of β-ER and aromatase with BC-A is same as with
their natural substrates, there is a change in the interacting
amino acids and due to change in the amino acids interacting,
the binding energies with BC-A are higher than their natural
substrates. Because of this may be BC-A acting as a tough
competitive inhibitor for estradiol on β-ER and for
androstedione on aromatase and which may responsible for
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endocrine disruption followed by suppression in the female
reproduction.

The obtained alterations in the reproductive parameters in
BC-A exposed females are well supported by the docking
studies. Though 25 mg BC-A/Kg body wt. is not most effective
to cause reproductive abnormalities in female rats, this
concentration is also showed some of the reproductive
defromalities. However it is very clear from results that both
50 mg and 100 mg BC-A/kg body wt. exposed females had
remarkable deformalities in reproduction. The docking studies
are in support of the above, where the β-ER and aromatse are
competitively inhibited by phytoestrogen BC-A, which explains
the decreased reproductive performance in the females in this
study. Furthermore the inhibitory studies at molecular level
are needed to know more about BC-A induced suppressed
female reproduction in rats.
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