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Abstract

Background: Isoflavones are estrogenic compounds that exist in soy, clover, and peanuts. They are selective estrogen
receptor modulators.

Aim: The study was planned to explain the interactions of isoflavones with estrogen receptors alpha (ERa), beta
(ERP), and vascular endothelial growth factor (VEGF) expressions in ovarian and uterine tissues during different
stages of the estrous cycle of regular cyclic female Wistar rats.

Methods: Thirty-two regular cyclic females were divided equally into control group: fed casein-based diet and
isoflavones group: fed casein-based diet and gavaged 50 mg/kg/day soy isoflavones extract 40%. The regularity of
estrus cycles was monitored. Final body weight (FBW), weight gain (BWG), and ovarian and uterine weights were
estimated. Histopathology and immunohistochemistry for ERa, Erf3, and VEGF in ovarian and uterine tissues were
performed.

Results: All females (100%, n = 16) in control group showed regularity in estrous cycle compared to 62.5% (rn = 10)
in isoflavones group. Estrus and diestrus phases revealed prolongation and shortening in isoflavones rats than control,
respectively. Nonsignificant variation was noted in the duration of the whole cycle of both groups. FBW and BWG
significantly decreased however, ovarian and uterine weights increased significantly in all estrous phases of isoflavones
group than control. Histopathology demonstrated an increase in number of follicles/ovaries besides, hyperplasia and
proliferation of luminal epithelium with hydropic degeneration in the isoflavones group. Also, uterine connective
tissue stroma showed edema in the isoflavones group during all estrous phases. Immunostaining percentages of ERa,
Erp, and VEGF protein expression were significantly elevated in the isoflavones group during all estrous phases.
Conclusion: Isoflavones induced irregularity of the estrous cycle that was encountered by increased and altered ERa,
Erp, and VEGF expressions in ovarian and uterine tissues.

Keywords: ERa, ERB, Estrous cycle, Isoflavones, VEGF.

Introduction estrogen and progesterone. Estrogen performs its action
via binding to estrogen receptors (ERs) and initiating
gene expression (da Silva Pacheco ef al., 2019). There
are two main types of ERs: alpha (ERa) and beta (ERp).
These receptors are extensively spread throughout the
reproductive system (Kim and Greenwald, 1987).

Selective estrogen receptor modulators (SERMs) are

In females, reproductive capacity is monitored by
adjusted reproductive physiology associated with
balanced hormonal production, the -capability of
gametogenesis as well as the morphological and
biochemical alterations of the ovary and uterus (Rajan

et al., 2017). The estrous cycle is characterized by
morphological modifications in ovaries, uterus, and
vagina (Goldman et al., 2007). Female rats have a short
duration of estrous cycle ranging from 4 to 5 days.
Estrous cycle is judged by steroid hormones such as

group of nonsteroidal compounds that are capable to
bind to ERs prompting alterations in the biological
activity of receptors (Xu et al., 2017). In a tissue-
specific manner, SERMs proceed with their activities
as either agonist or antagonist actions on ERs (Xu et
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al., 2017). That depends on the involvement of ER
signaling which includes the distribution of ERs in
different tissues (Wang et al., 2000), ligand binding
specificity (Kuiper ef al., 1997), and varied interactions
with coactivators (Webb et al., 2003).

Soy isoflavones are polyphenolic compounds that
own a chemical structure analogous to that of estrogen
that allows it to bind to nuclear ERs either o and/or
(Franco et al., 2020). Once it binds to ERs, induces
receptor-dependent transcription (Morito ef al., 2001) by
interacting with the estrogen-response element (Patisaul,
2017). Then prompts as an estrogen agonist or antagonist
to regulate cell growth, proliferation, and development in
the target tissue (Wu et al., 2019). Hence, the biological
impacts of isoflavonoids are differed in proportion to the
female biological phase (Mc Rodrigues et al., 2018). They
also could impair the development of the female genitalia
of rodents causing infertility (Nikaido et al., 2004) and
implantation losses (Elsayed et al., 2020). Moreover, they
were documented to disturb the ovarian function, reduce
conception rate as well as upset pregnancy in sheep and
cows (Kallela ef al., 1984; Adams, 1995). Genistein and
daidzein are dominant bioactive members of isoflavones
(Sogi¢-Jurjevié et al., 2019). They have antioxidant
(Ungar et al., 2003), anti-inflammatory (Wang et al.,
2019), and anticancer (Stubert and Gerber, 2009) effects.
Isoflavones are thought to be SERMs as they can act with
the two subtypes of ERs (Abdelrazek et al., 2019).
Vascular endothelial growth factor (VEGF) is an
angiogenic factor that promotes vascular permeability
(Patel, 2018) and manages the endometrial endothelial
cell proliferation (Danastas et al., 2019). It performs
its angiogenic role by binding to two tyrosine kinase
receptors: VEGFR1 and VEGFR2 which are expressed
on the surface of endothelial cells (Terman ef al., 1992).
It has strong influence on reproductive tract function. It
was implicated in implantation (Elsayed et al., 2020),
pregnancy (Tousen et al., 2006) as well as cyclic changes
(Rimoldi et al., 2007). The influence of soy isoflavones
on uterine and ovarian VEGF 1is debatable, whereas,
some studies denoted that they could impede ovarian
and uterine VEGF expression (Elsayed et al., 2020).
Other studies had shown that isoflavones up-regulate
VGEF expression in ovary or uterus (Helmy ez al., 2014;
Jari¢ et al., 2018). Moreover, endometrial proliferation,
hyperplasia, and neoplasms are common consequences
of the uterine ERs up-regulation. Therefore, the elevation

of the VEGF expression could be related to endometrial
proliferation and neoplasia (Kazi et al., 2005; Newbold
et al., 2007; Jarié et al., 2018).

The scarcity of literature described the mechanism
of isoflavones in cyclic females during the different
phases of the estrous cycle. Therefore, this study was
designed to elucidate the interactions of isoflavones
with ERa, Erf, and VEGF expressions in ovarian and
uterine tissues during different stages of estrous cycle of
regular cyclic female Wistar rats with special emphasis
on their influence on reproductive cycle regularity.

Material and Methods

Animals

A total of 40 mature female Wistar rats (4.5-5 months;
200-220 g) were used in the study. Animals were
purchased from Lab Animal House, Faculty of Sciences,
Suez Canal University, Ismailia, Egypt. Rats were housed
in plastic cages; five females per cage. They were kept
at room temperature (25°C + 1°C) and natural daylight
rhythm. Food and water were offered ad libitum. Rats
were adapted for 2 weeks before the beginning of the
experiment. Animals were fed with a casein-based diet.
Reproductive procedures

After 2 weeks of acclimatization, the estrous cycle was
monitored by daily cytological examination of vaginal
smear according to Singletary et al. (2005). Vaginal
smears were obtained daily from each female rat early
in the morning. Females with two successive regular
cycles were selected for this study, while those of
irregular cycles were excluded.

Experimental design

Only 32 females exhibited a regular estrous cycle.
Regular cyclic rats were divided equally into two
groups; G1: control group (n = 16) that fed casein-
based diet and G2: isoflavones group (n = 16) that
fed casein-based diet and gavaged 50 mg/kg/day soy
isoflavones extract 40% (JMS Vitamins, USA) was
dissolved in carboxymethylcellulose with ultrapure
water. Each g contained 436 mg isoflavones 132 mg/g
genistein and 304 mg/g daidzein that were tested by
high-performance liquid chromatography (Elsayed et
al., 2020).

Estrous regularity

Vaginal smears were taken from each rat 8 hours apart
to determine the average length/hours for each phase
of the estrous cycle for three consecutive cycles. Also,

Table 1. Total estrous cycle duration (hours) and different estrous phases (hours).

Estrous phases Control Isoflavones
Proestrus 12.00 + 0.54 12.00 + 0.36
Estrus 16.75 + 1.40 48.00 + 4.38¢
Metestrus 11.25+0.42 10.75 £ 0.69
Diestrus 37.50 + 1.68* 30.00 + 2.89
Total estrous cycle 77.50£2.10 88.75£5.68

2At the same raw indicates significance at p < 0.05

640


http://www.openveterinaryjournal.com

http.://www.openveterinaryjournal.com
D. H. Elsayed et al.

Open Veterinary Journal, (2022), Vol. 12(5): 639-648

the regularity of estrous cycle was monitored for each
experimental female.

Body weight, relative ovarian and uterine weights
Body weights were estimated daily. Weight gain (BWG)
was also obtained by subtracting the final weight from
the initial weight for each experimental animal. After
30 days of treatment, each female rat was sacrificed
after exposing it to 5 ml tetrahydrofuran inhalation
(98%, Carlo Erba Reagent Co., Italy) in a desiccator.
The ovaries and uteri were dissected from each rat. The
relative ovarian and uterine weights were recorded by
assessment of the weights of ovaries and uteri per gram
about body weight.

Histopathology

The dissected ovaries and uteri were immersed in
10% neutral buffer formalin saline. Afterward, they
were processed and stained by hematoxylin and eosin
(Slaoui and Fiette, 2011).

Immunohistochemistry (IHC) and image analysis
Paraffin-embedded ovaries and uteri were subjected
to 5 um sections used for the IHC of ERa, Erf, and
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VEGF as stated by Elsayed et al. (2020). The primary
antibodies used from Thermo Scientific Co., (UK) with
catalog numbers; # MA1-16629, # RB- 10658-R7, and
# MS-750-R7, respectively. The concentrations were
1:50, 1:10, and 1:100, respectively. Image analysis for
IHC stained area percentage (ISAP) was done using the
Image J program. In all the slides of both groups, nine
random fields per slide were randomly selected.
Statistical analysis

Graphpad prism software (version 7, San Diego, CA)
was applied for statistical analysis of the variations
between control and soy isoflavones groups in
different estrous phases using the Student’s #-test. All
the data within the study were expressed as mean +
SEM. Significance was distinguished at a probability
value < 0.05.

Ethical approval

All animals were treated and sampled in accordance
with the guidelines for care and use of animals which
were approved by the research ethics committee in the

Isoflavones

Weight gain

Fig. 1. Body weight (g) and BWG (g) of control and isoflavones cyclic female Wistar rats.

Table 2. Relative ovarian (g) and uterine weights (g) of control and isoflavones groups.

Parameters Isoflavones Control Estrous phases
0.07 = 0.00° 0.05+0.00 Proestrus
. . . 0.07 = 0.00? 0.05 £ 0.00 Estrus
Relative ovarian weight
0.06 £+ 0.00* 0.05+0.00 Metestrus
0.07 £ 0.00? 0.05 £+ 0.00 Diestrus
0.44 £ 0.02° 0.30+0.02 Proestrus
. . . 0.45 +0.02° 0.24 +0.02 Estrus
Relative uterine weight
0.27 + 0.00? 0.18 £ 0.00 Metestrus
0.19 +0.00? 0.13 £0.00 Diestrus

*At the same raw indicates significance at p < 0.01
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Fig. 2. (A) Photomicrographs in ovary of control and isoflavones groups in cyclic female Wistar rats: ovarian
sections showed increased vascularity specially in estrus and metestrus stages (arrows) along with increased
number of follicles (arrowhead) in 50 mg/kg/day isoflavones treated group. The figure was stained by H&E (bar
100 um). (B) Photomicrograph sections in uterus of control and isoflavones groups in cyclic female Wistar rats:
uterus sections showed hyperplasia and proliferation of LE with hydropic degeneration (red arrows) of epithelium
in estrus phase of 50 mg/kg/day isoflavones treated group. Uterine stromal edema (asterisk) was evident in
isoflavones treated groups during all phases of estrous cycle. The figure was stained by H&E (bar 50 um).

Faculty of Veterinary Medicine, Suez Canal University
(approved no: 2021004 on 27/01/2021).

Results

Regularity of estrous cycles

All females in the control group (100%) showed
regularity of estrous cycles. However, 10 (62.5%) out
of 16 females in isoflavones group revealed regular
estrous cycles. Isoflavones-treated females exhibited
significant (p < 0.0001) prolongation in the duration of
estrus phase rather than control. However, the diestrus
phase demonstrated significant (p < 0.05) shortening
in isoflavones treated rats as compared to control. The
proestrus and metestrus durations were nonsignificantly
varied between groups. Also, the duration of the whole
cycle exhibited a nonsignificant difference between
groups (Table 1).

Body weight, relative ovarian and uterine weights

Soy isoflavones group revealed significant (p < 0.001)
decrease in the final body weight (FBW) and BWG as
compared with control group (Fig. 1). However, the
relative ovarian and uterine weights in the different
estrous phases showed highly significant (p < 0.01)
increase in soy isoflavones group as compared to
control (Table 2).

Ovarian and uterine histopathology

Ovary and uterus of control group showed normal
histological details related to each phase of estrous.
Administration of isoflavones resulted in increment
of ovarian and uterine vascularity, especially in estrus
and metestrus phases. The number of follicles/ovaries
seemed to increase in isoflavones treated group. The
estrus phase of isoflavones treated group revealed
hyperplasia and proliferation of luminal epithelium
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Fig. 3. (A) Photomicrographs of ovarian sections of ERa immunostaining of cyclic female Wistar rats in control
and isoflavones groups: positive intracytoplasmic and intranuclear immunoreactivity was pronounced in 50 mg/
kg/day isoflavones group in all phases of estrous cycle as compared to control group. The figure was stained
by H&E (bar 100 pm). (B) Photomicrographs of uterine sections of ERa immunostaining of cyclic female
Wistar rats in control and isoflavones groups: intense intracytoplasmic and intranuclear immunoreactivity was
demonstrated in the lining epithelium LE and GE of 50 mg/kg/day isoflavones group rather than control group.

The figure was stained by H&E (bar 50 um).

(LE) with epithelial hydropic degeneration. Moreover,
uterine connective tissue stroma exhibited marked
edema in isoflavones treated groups during all phases
of estrous cycle (Fig. 2).

Immunohistochemistry

Theimmunostaining of ERaand ER B were demonstrated
as brownish intracytoplasmic as well as intranuclear
reactions in ovarian and uterine tissues (Figs. 3 and 4).
Ovarian ERa was expressed in the stroma; however,
ovarian ERB was evident in the stroma and corpora
lutae of control group. Isoflavones group expressed
ERp in the stroma, corpora lutae and ovarian follicles.
Moreover, both receptors were expressed in uterine LE,
glandular epithelium (GE), connective tissue stroma
(Ct), myometrium (M) and surface epithelium (SE).
The ISAP of both ERa and ERP exhibited significant
(p <0.001) elevations in isoflavones treated group than
control during all phases of the estrous cycle (Table 3).

The immunostaining of VEGF appeared as brownish
intra-cytoplasmic reaction in uterine and ovarian
tissues (Fig. 5). The VEGF was expressed in the
ovarian stroma as well as corpora lutae. The uterine
VEGF signals existed in the cytoplasm of LE, GE, Ct,
M, SE, and endothelium of blood vessels (v). The ISAP
of VEGF exhibited significant (p < 0.001) elevations in
isoflavones treated group than control during all phases
of the estrous cycle (Table 3).

Discussion

The effect of isoflavones, as endocrine-disrupting
hazard, on the outcome of rodent reproductive
performance is controversial (Patisaul, 2017).
Isoflavones including; genistein and daidzein are
abundant in human and animal diets (Gaffer et al.,
2018). Despite the increasing number of studies, there
is still a long way to a firm knowledge on the biological
potency of dietary isoflavones and their impact on
reproduction, especially in mature cyclic females. In
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Fig. 4. (A) Photomicrographs of ovarian sections of ER} immunostaining in control and isoflavones cyclic female Wistar
rats: isoflavones group (50 mg/kg/day) showed marked positive intracytoplasmic and intranuclear immunoreactivity
especially in all phases of estrous cycle than control group. The figure was stained by H&E (bar 100 pum). (B)
Photomicrograph sections of uterus of ERf immunostaining in control and isoflavones cyclic female Wistar rats:
isoflavones group (50 mg/kg/day) revealed positive intracytoplasmic and intranuclear immunostaining reaction in LE,
GE and serosa (SE). However, control group showed less immunoreactivity to ERp in estrous phases. The figure was

stained by H&E (bar 100 um).

this study, the potential estrogenic effects of isoflavones
on ERa, Erf}, and VEGF immunohistochemistry were
assessed using estrogen-responsive tissues ovary and
uterus.

Soy isoflavones administered group showed a significant
reduction in FBW as well as BWG than control. These
results were similar to previous results of Elsayed et al.,
(2020). The reduction in body weight and BWG could
be attributed to the appetite repression (Wade, 1975)
that is caused by the hypothalamic estrogen stimulating
action of isoflavones (Xu et al., 2011). Furthermore, the
estrogenic influence of isoflavones could regulate body
fats and downgrade their leptin production, therefore,
repressing appetite (Szkudelska et al., 2000).

It was noticed that soy isoflavones significantly increased
both the ovarian and uterine weights during all phases of
estrous than control. This increment could be attributed
to the increased number of ovarian follicles as well as

the observed hyperemia in the histopathological section.
Moreover, the increase in the uterine weight represented
by edema and water imbibitions in the stroma of
isoflavones-treated uteri. This may be attributed to the
estrogenic response of isoflavones that also stimulated
endometrial proliferation and hyperplasia (Albertazzi
and Sharma, 2005). Previous studies have shown
similar results and confirmed the estrogenic response of
isoflavones in reproductive tract (Rimoldi ez al., 2007;
Teixeira et al.,2019). On the other hand, Diel et al. (2006)
showed that isoflavones did not elicit estrogenic effect or
weight variation on reproductive tract. However, Bitto
et al. (2010) reported that genistein aglycone might be
useful for the management of endometrial hyperplasia
in women.

Female rats administered soy isoflavones showed
alterations in the regularity of the estrous cycle where
10 (62.5%) out of 16 females exhibited irregular cycles.
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Table 3. Percentages of immunostained area (mean + SEM) of ovarian and uterine ERa, ERf} and VEGF.

Parameters Estrous phases Control Isoflavones

Proestrus 37.02 +1.81 54.92 +1.49*

. Estrus 38.69 +1.98 51.74 £2.25°
Ovarian ER a

Metestrus 39.29+1.79 52.93 + 1.85°

Diestrus 39.06 +1.73 52.48 + 1.69°

Proestrus 31.64 +1.07 48.14 £ 1.292

. Estrus 32.07 £0.95 48.57 £ 1.25°
Uterine ER a

Metestrus 31.96 +0.98 46.58 +£1.38

Diestrus 31.87+1.15 46.76 +1.33*

Proestrus 30.57 + 1.46 41.65+1.57*

) Estrus 33.62+1.35 46.22 +1.87°
Ovarian ER

Metestrus 31.38+1.66 42.02 £1.228

Diestrus 31.10+1.22 41.57 £1.42°

Proestrus 35.34+0.92 49.02 £ 1.76°

. Estrus 37.53+0.89 52.11 £1.732
Uterine ER 8

Metestrus 36.12+0.92 50.25 +1.72°

Diestrus 37.18+0.74 46.98 £ 1.24*

Proestrus 31.22+1.70 48.36 £1.62*

. Estrus 33.42 +1.87 45.45 £2.532

Ovarian VEGF

Metestrus 29.33 +£1.48 47.50 + 1.80?

Diestrus 29.74 £1.10 46.42 £1.65*

Proestrus 31.69 +1.26 42.68 £1.75*

) Estrus 30.33 £ 1.37 40.62 £ 1.52?

Uterine VEGF
Metestrus 30.04 +1.47 37.86+0.932
Diestrus 30.96 £+ 1.61 39.73 £1.39*

2At the same raw indicates significance at p < 0.001

The most common findings were being; prolongation of
estrus while shortening the diestrus phase of isoflavones
administered group. Others have shown similar estrous
cycle alterations in other model systems (Jefferson et al.,
2006). Estrogenic potency of isoflavones was reflected
in marked changes in vaginal estrous cycle revealing
alterations of estrous cyclicity (You et al., 2002) as
demonstrated by increased ovarian and uterine ERs
ISAP in this study. Isoflavones, especially genistein are
more selective to ERP due to their structural similarity
to estrogen (Sirtori ef al., 2005). The pattern of estrous
cyclicity is usually determined via the circulating level
of estrogen and the existence of ERs in both ovarian
and uterine tissues. The pattern of their expression
could influence estrogen-responsive genes in a manner
which is cell specific (Li, 1994). It seems that the
disrupted estrous cycle may be attributed to the change
in spatial ovarian and uterine ER expression. The ER}
is essential to the early-stage follicle growth and the
interaction between the two ERs is required for the late
stage of follicle growth (Couse ef al., 1997).

VEGEF is expressed in LE, GE, CT stroma, v and M of
uterus while in ovary it was expressed in stromaand corpus
luteum with higher expression values in isoflavones
administered group. This increment in VEGF could
be accredited to the estrogenic potential of isoflavones
displayed by the promoted uterine cellularity. Some
studies displayed the change in expression of VEGF with
disparities in ERs concentration (Bausero et al., 1998;
Hervé et al., 2006). In any event, VEGF over production
probably identifies blood vessels and its size and strongly
suggests a role for VEGF in in vivo angiogenesis and
microvascular hyperpermeability (Bausero et al,
1998) manifested by edema that was observed in
the current study. Moreover, the hyperexpression of
VEGF could be involved in pathological situations,
abnormal hyperpermeability, and dilated capillaries
and increase the risk of uterine cancer (Bausero et al.,
1998; Zhang et al., 2016). This suggests that isoflavones
could predispose uterine neoplasia. These results are
in disagreement with those of Niwa et al. (2000) who
demonstrated the inhibitory effect of genistein and
daidzein on endometrial carcinogenesis and attributed
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Fig. 5. (A) Photomicrograph sections of ovary of VEGF immunostaining in control and isoflavones cyclic female
Wistar rats: estrous phases of 50 mg/kg/day isoflavones group showed more intense positive intracytoplasmic
immunoreactivity in all estrous phases. However, control group exhibited less immunoreactivity in VEGF receptors.
The figure was stained by H&E (bar 50 pm). (B) Photomicrograph sections of uterus of VEGF immunostaining
in control and isoflavone cyclic female Wistar rats: estrous phases of 50 mg/kg/day isoflavones group showed
pronounced positive intracytoplasmic VEGF immunoreactive staining. Control group showed less VEGF
immunoreactivity than 50 mg/kg/day isoflavones group. The figure was stained by H&E (bar 50 pm).

it to their antiestrogenic action and suppression of its
downstream estrogen receptor response elements.
Taking together all the results, it was shown that
soy isoflavones as SERM could increase both ERs
subtypes. ERo mainly encountered the uterotrophic
response as well as VEGF-induced vascular and
permeability changes while ERf} encountered cyclic
patterns irregularity.

Conclusion

The present study showed the adverse effects of
isoflavones on the reproductive pattern in cyclic female
Wistar rats. Isoflavones induced reproductive cycle
irregularities that are encountered by increased and
altered ERP expression pattern. Moreover, proliferative
changes were evident that were mediated by ERa
expression, especially in uterus. Also, isoflavones
up regulated VEGF expression in ERo expression
dependent pattern that promoted angiogenesis
and hyperpermeability in blood vessels that may

predisposes pathological conditions as neoplasia in
uterus and ovary.
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