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SUMMARY

Estrogens are reproductive hormones synthesized in the gonads of both male and female
vertebrates. This review is geared towards uncovering some endocrine, reproductive,
neurophysiologic and extraneous activities of estrogen in vertebrates. The three most common
naturally occurring estrogens are: Estrone (E1), estradiol (E2), and estriol (E3). In primates,
estradiol is the most potent and predominant estrogen during reproductive years. Estrogens are
synthesized primarily in the female ovaries and in small quantities in the male testes and the
adrenal glands, brain, and fat of both sexes. Estrogens are steroid hormones. The adipose tissues
are considered to be the major source of circulating estrogen after the gonads in both men and
women. In essence, the presence of aromatase expression in a local tissue confirms extra-gonadal
estrogen synthesis. In reproduction, estrogen promote secondary sexual characteristics in females
and regulates maturation of sperm (spermiogenesis) in males. Neurophysiologically, estrogen
promote glutamate activity in the central nervous system, facilitates dopaminergic
neurotransmission but blocks gammaaminobutyric acid. Extraneously, estrogen decrease serum
cholesterol and osteoporosis especially in menopausal females. However, acute estrogen drop
postpartum leads to depressed mood experienced by most post parturient females. In this review, it
is observed that, while serum estrogen decreases with age in females, in male it increases with age
due to the extraneous synthesis of estrogen especially in the adipose tissue.
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INTRODUCTION estrus-producing  compounds.  Estrogen

is

Estrogens are the key hormones regulating the ~ produced by the ovaries and in smaller quantities,
development and function of reproductive organs by the adrenal cortex, testes, and feto-placental
in all vertebrates. Estrogen is a generic term for unit (Azcoitia et al., 2011: Haraguchi et al,

2012).
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Most animals depend on the versatile estrogens
to influence growth, development, behavior,
regulate reproductive cycles; and affect many
other body systems (Juraska et al., 2013).
Understanding non-gonadal sites of estrogen
synthesis and function is crucial and will lead to
therapeutic interventions targeting estrogen
signaling in disease prevention and treatment
(Barakat et al., 2016).

Seventeen-beta (17-B) estradiol is the most
abundant and potent natural estrogen in all
vertebrates. The adipose tissues are considered
to be the major source of circulating estrogen
after the gonads in both men and women, and the
contribution made by the adipose tissues to the

total circulating estrogens increases with
advancing age (Osterlund et al., 2000: Dieudonne
et al., 2004).

Estrogens are synthesized in all vertebrates as
well as some insects. Three major naturally
occurring forms of estrogen in women are
estrone (E1), estradiol (E2), and estriol (E3).
Another type of estrogen called estetrol (E4) is
produced only during pregnancy. Quantitatively,
estrogens circulate at lower levels than androgens
in both men and women. While estrogen levels
are significantly lower in males compared to
females, estrogens nevertheless also have
important physiological roles in males (Marino et
al., 2006).

Estrogens, in females, are produced primarily by
the ovaries in non-pregnant animal species and
the placenta during pregnancy. Follicle-
stimulating hormone (FSH) stimulates the
ovarian production of estrogens by the granulose
cells of the ovarian follicles and corpora lutea.
Some estrogens are also produced in smaller
quantities by other tissues such as the liver,
adrenal glands and the breasts. In females, FSH
stimulates granulosa cells in the ovarian follicles
to synthesize aromatase which converts
androgens produced by the thecal cells to
estradiol (Karligiotou et al., 2011: Anushka and
Kumar, 2017).
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In primates, estradiol is the predominant estrogen
during reproductive years both in terms of
absolute serum levels as well as in terms of
estrogenic activity. During menopause, estrone is
the predominant circulating estrogen and during
pregnancy estriol is the predominant circulating
estrogen. Estriol is the most abundant of the three
estrogens, but it is also the weakest but estradiol
is the strongest with a potency of approximately
80 times that of estriol. Thus, estradiol is the
most important estrogen in  non-pregnant
females. All of the different forms of estrogen
are synthesized from androgens, specifically
testosterone and androstenedione by the enzyme
aromatase (Hampson and Morley, 2013).

Some estrogen metabolites, such as the catechol
estrogens, 2-hydroxyestradiol, 2-hydroxyestrone,
4-hydroxyestradiol and 4-hydroxyestrone as well
as 16a-hydroxyestrone are also estrogens with
varying degrees of activity. The biological
importance of these minor estrogens is not
entirely clear (Cornil et al., 2006).

Estrogen in men

Males secrete estrogens, too. About 70% of the
estradiol in the plasma of adult men are formed
by aromatization of circulating testosterone and
androstenedione. The plasma estradiol level in
men is approximately 2ng/dl which is equivalent
to 70pmol/L and the total production rate is
0.05mg/d  (0.18umol/d). Estrogen influence
fertility through the prostate, testis, and other sex
tissues. Estrogen can be recovered from a man’s
urine. The concentration of estrogen in the fluid
found in seminiferous tubules is quite high and
plays a role in spermatogenesis (Cherrier et al.,
2005i). Unlike women, there is a moderate
increase in estrogen production in men with
advancing years (Ganong, 1993: Hess et al.,
1997).

Also, in male reproduction, the Sertoli cells
possesses aromatase which converts testosterone
to estrogen. Very large quantities of estrogen is
found in stallions (male horse). Therefore,
fertility of a horse can be assessed by measuring
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circulating concentrations of either testosterone
or estrogen (Bracket, 2004).

Estrogenic functions

Generally, estrogens have wide-range of effects
throughout life and in both sexes. Most
vertebrates depend on this hormones to control
and regulate female development, reproduction,
and sex characteristics. Their signals also affect
blood fat levels (Bracht et al., 2019), enzyme
production (Strehlow et al., 2003), water and salt
balance (Santollo and Daniels, 2015), bone
density and strength (Camacho, 2017), skin and
blood vessel elasticity, heart muscle, and brain
functions such as memory and sexual and
maternal behavior (O’Lone et al., 2004).

Like all steroid hormones, the receptor for
estrogens are domiciled in the cell nucleus.
Estrogens readily diffuse across the cell
membrane. Once inside the cell, they bind to and
activate estrogen receptors (ERS) which in turn
modulate the expression of many genes.
Additionally, estrogens bind to and activate
rapid-signaling membrane estrogen receptors
(mERs) such as Guanoline-protein (G-protein)
coupled estrogen receptor (GPER) which binds
to 17-beta-estradiol (E2) with high affinity,
leading to rapid and transient activation of
numerous intracellular signaling pathways. G-
protein coupled estrogen receptor 1 is also
known as G-protein-coupled receptor 30 (GPER
30). GPER is ubiquitously expressed throughout
the body, including the heart, brain, pancreas,
skeletal ~ muscle, kidney, vessels, and
reproductive organs where it stimulates cyclic
adenosine monophosphate (AMP) production,
calcium mobilization and subsequent
transactivation of the epidermal growth factor
receptor (EGFR). Disease processes also regulate
the expression of this receptor, as GPER is
significantly up-regulated in lung cancer and
endometriosis (Shang et al 2000: Prossnitz and
Hathaway, 2015: Zimmerman et al., 2016: Yaser
etal., 2017: Fuentes and Silveyra, 2019).
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Endocrine activity of estrogen

Estrogens are steroid hormones. All steroid
hormones are derived from cholesterol. The
synthesis of estrogen is a one way chemical
reaction. It is non-reversible (Cue et al., 2013).
The precursor for estrogen and other steroid
hormones is cholesterol. The synthesis of
estrogen follows two pathways as shown below:
(1). Cholesterol, catalyzed by cholesterol
desmolase give rise to Pregnenolone. Enzymatic
catalysis of Pregnenolone by 17a-hydroxylase
gives rise to 17-hydroxy-pregnenolone which
also is catalyzed by 17, 20 lyase to give rise to
Dehydroepiandrosterone which directly gives
rise to Androstenedione in a non-enzymatic
reaction. Androstenedione through a reversible

non enzymatic reaction gives rise to
Testosterone. Testosterone undergoes
aromatization to vyield estrogen in a non-

reversible reaction (Sik Yoo and Napoli, 2019:
Conklin and Knezevic, 2020).

(2). Cholesterol catalyzed by cholesterol
desmolase give rise to Pregnenolone. Enzymatic
catalysis of Pregnenolone by 3-f hydroxyl-
steroid yields Progesterone. Progesterone
catalyzed by 17-a hydroxylase yields 17-
hydroxy-Progesterone which is catalyzed by 17,
20 lyase just as in step 1to yield Androstenedione
which undergoes a reversible reaction to yield
Testosterone. Testosterone through aromatization
yields Estradiol in a non-reversible reaction
(Santem and Simpson, 2019).

The half-life of estrogens is specie specific;
about 1-3 hours. Like all steroid hormones, the
receptor for estrogens are domiciled in the cell
nucleus. The presence of aromatase expression in
a local tissue confirms extra-gonadal estrogen
synthesis (Shay et al., 2018). In the adipose
tissues, estradiol stimulates the production of
high density lipoprotein (HDL) and triglycerides
and decreases low density lipoprotein (LDL)
production (Ma et al., 1995).

Furthermore, aromatase expression in bone has
been demonstrated in osteoblasts, chondrocytes,
and fibroblasts where they convert circulating
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androgens into estrogens. In the bone of pre-
pubertal animals, the locally synthesized
estradiol stimulates epiphyseal maturation during
the growth phase. However, in both males and
females, the massive pubertal increase of
estradiol leads to increased apoptosis of
chondrocytes in the epiphyseal plate, causing
chondrocyte depletion leading to ossification and
growth slow-down especially in the females
(Song et al., 2019).

In females, synthesis of estrogens starts in theca
interna cells in the ovary, by the synthesis of
androstenedione from cholesterol.
Androstenedione is a substance of weak
androgenic activity which serves predominantly
as a precursor for more potent androgens such as
testosterone as well as estrogen. This compound
crosses the basal membrane into the surrounding
granulosa cells, where it is converted either
immediately into estrone, or into testosterone and
then estradiol in an additional step. The
conversion of androstenedione to testosterone is
catalyzed by 17p-hydroxysteroid dehydrogenase
(17B-HSD),  whereas the conversion of
androstenedione and testosterone into estrone
and estradiol, respectively is catalyzed by
aromatase. These enzymes are both expressed in
granulosa cells. In contrast, granulosa cells lack
17a-hydroxylase and 17, 20-lyase, whereas theca
cells express these enzymes and 173-HSD but
lack aromatase. Hence, both granulosa and theca
cells are essential for the production of estrogen
in the ovaries (Nicol et al., 2009: Hu et al.,
2010).

Estrogen in reproduction

During embryonic life, estrogens stimulate
adrenal cortex growth during development by
promoting cell proliferation and enhancing
steroidogenic  activity by increasing the
steroidogenic acute regulatory protein (StAR)
and steroidogenic factor-1 (SF-1) expression in
the adrenal gland. In the fetal adrenal gland,
estradiol and Adrenocorticotropic hormones
(ACTH) form a positive regulatory loop in which
estradiol increases ACTH secretion from adrenal
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cortex while ACTH increase estradiol in the
ovary (Kaludjerovic and Ward, 2012).

In the females at puberty, increased estradiol
synthesis as a primer for puberty, regulates
growth hormone and determines final height, by
shutting off bone growth at the ephiphysis of
arms and legs in humans and fore and hind limbs
in quadrupeds. Also, estrogens are responsible
for the development of other female secondary
sexual characteristics during puberty which
include: widening of the hips and female fat
distribution. At the other hand, androgens
(testosterone  and  androstenedione)  are
responsible for pubic and body hair growth as
well as acne and axillary odor observed in
pubertal females (Blackburn, 2014).

Furthermore, in females, the ovaries are the
prime location for estrogen production. The
estrogens are released from ovarian follicles and
the corpus luteum following the release of an egg
from the follicle, and the placenta. Follicle-
stimulating hormone (FSH) causes the release of
estrogen and, conversely, estrogen inhibits the
release of FSH in a negative feedback loop
(Strauss and Barbieri, 2013).

Estrogens, in adult females, are produced
primarily by the ovaries prior pregnancy and the
placenta during pregnancy. Follicle-stimulating
hormone (FSH) stimulates the ovarian
production of estrogens by the granulose cells of
the ovarian follicles and corpora lutea. Some
estrogens are also produced in smaller quantities
by other tissues such as the liver, adrenal glands
and the breasts. (Simpson, 2003).

While estrogens are present in both male and
female, they are usually present at significantly
higher levels in females of reproductive age.
They promote the development of female
secondary sexual characteristics such as breast
development, thickening of the endometrium,
stimulates the growth of the vagina to its adult
size and the thickening of the vaginal wall. It also
plays a part in vaginal lubrication, stimulates the
growth of the ovarian follicle, regulate the flow
and thickness of cervical mucus secretion to
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enhance sperm transport and stimulates the
muscles in the uterus to develop and contract
during parturition (Baker, 2013).

During pregnancy, estrogen is made and released
by the corpus luteum of the ovaries and the fetal-
placental unit. The fetal-placental unit is where
the fetal liver and adrenal glands produce an
estrogen called estriol. Generally estrogen levels
increase throughout pregnancy and have the
following effects: Supports, regulates, and
stimulates the production of pregnancy hormone
(progesterone), functions in the development of
fetal organs such as the liver, kidneys, and lungs,
facilitates placental growth and function and
Prepares the mother for lactation (breast-feeding)
by enhancing maternal breast tissue growth
(Findlay et al 2016).

For commencement of parturition, Estrogen and
oxytocin cause the release of prostaglandins in
the uterus. In turn estrogen, oxytocin and
prostaglandins stimulate the maturation of the
cervix leading to successive dilation during
parturition by relaxin. After expulsion of the
placenta during parturition, the blood levels of
progesterone and estrogen fall which allows the
mother to produce colostrum, a high-density milk
that is rich in proteins, minerals, and vitamins
(specifically  Vitamin A and K) and
immunoglobulin for the neonate (Kota et al.,
2013).

In males, estrogen exert pleiotropic effects by
acting on several tissues and organs including the
reproductive system (Rochira et al., 2016).
Estrogen regulates certain functions of the
reproductive system important to the maturation
of sperm (spermiogenesis) and may be necessary
for a healthy libido (cacciola et al., 2013). The
Sertoli cells convert testosterone to estrogens.
Estrogens move into the adluminal and basal
compartments of seminiferous tubules and can
move outwards to enrich estrogenic content in
the blood stream (Lombardi et al., 2001:
Brackett, 2004).
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Estrogen affects sexual behavior

Apart from humans, female mammals have no
mating desire except during estrus when there is
estrogen surge. Estrogen promotes sexual
receptivity of vertebrates in estrus and induces
lordosis in some species; a behavior which is
regulated by the ventromedial nucleus of the
hypothalamus. Estrogen also regulates ovulation
(Kow and Pfaff, 1998: Christensen et al., 2011).
In the male, sex drive thrives with increased
androgen levels only in the presence of estrogen.
Without estrogen, free testosterone level actually
decreases sexual desire instead of increasing sex
drive (Warnock et al., 2005).

Estrogens secreted from the ovaries fluctuate
during the reproductive cycle, which may occur
episodically in frogs mating in response to
rainfall (Wilczynski and Lynch, 2011), bi-weekly
in many marine animals (Bondesson et al., 2015),
monthly in humans, semi-annually in cattle
(Northrop, 2019), or even bi-annually in
elephants (Kangwanakadzo, 1996). Estrogen
levels rise in response to internal or external cues
which include: temperature, light cycle or
presence of potential mates (Heiman et al.,
2011).

Neurophysiologic activity of estrogen

Estrogen has multiple effects on the brain (Zarate
et al., 2017), including priming the body for
sexual reproduction. In the brain estrogen
functions in maintenance of body temperature.
Estrogen may delay memory loss (Henderson,
2009), regulates parts of hypothalamus and
limbic system which prepare the body for sexual
and reproductive activity, increases serotonin and
the number of serotonin receptors in the brain,
modifies production and the effect of endorphins
in the brain, protects nerves from damage and
possibly stimulates nerve growth (Rettberg et al.,
2014).

High levels of estrogen receptors are expressed
during brain development in both male and
female. In fact 17B-estradiol plays critical
organizational role during early Drain
development and has been shown to be pivotal in



Nigerian Veterinary Journal 41 (2). 2020

the sexually dimorphic development and
regulation of the neural circuitry underlying sex-
typical and socio-aggressive behaviors in males
and females (Denley et al., 2018). During this
period, sex hormones determine apoptosis,
neuronal  migration, neurogenesis, axonal
guidance, and synaptogenesis. Estradiol induces
sexual differentiation in the developing brain.
Aromatase = mMRNA  expression in  the
hypothalamus of males peaks before and after
birth, inducing sexual differentiation of the brain.
In the brains of both males and females, estradiol
provides a neuroprotective effect. It prevents
neurodegeneration in brain tissues (Azcoitia et
al., 2003).

Estradiol regulates neuronal metabolism by
modulating the expression of metabolic enzymes
such as GLUT (glucose-transporter), glycolytic
enzyme hexokinase, pyruvate dehydrogenase
(PDH), aconitase (an enzyme involved in
tricarboxylic acid cycle), and adenosine
triphosphste(ATP) synthase (Mela et al., 2016).

Effect of estrogen on neurotransmitters

The tropic effects of ovarian hormones emerge
early in brain development and remain
throughout adolescence and adulthood. Many of
these actions occur in brain regions involved in
learning and memory (the cerebrum), emotion
(hypothalamus and limbic system), motivation
(hypothalamus and limbic system), motor control
(medulla oblongata and midbrain), and cognition
(limbic system). Furthermore, several lines of
evidence support a main impact of ovarian
hormone (estrogen and progesterone) on brain
development and plasticity. Specific structural
effects of estrogen and progesterone include
neurite outgrowth and synaptogenesis, dendritic
branching and myelination (Denley et al., 2018).
Both estrogen and progesterone act through
classical genomic receptors as well as non-

classical membrane-associated receptors. The
classical estrogen receptors (ERo/f) and
progesterone receptors (PRas) are highly

expressed in brain areas involved in emotion and
cognition, such as hippocampus and amygdala
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(Lymer et al., 2018). Ovarian hormones can act
on multiple receptor types, such as voltage-gated
ion channels, including Gamma-amino butyric
acid A (GABAa)  N-methyl-D-aspartate
(NMDA), serotonin and dopamine receptors (Li
and Tsien, 2009). While these genomic actions of
sex hormones require a comparably long time
(from minutes to hours) and are limited by the
rate of protein biosynthesis, non-genomic
modulation of the membrane receptors is mostly
faster and requires only milliseconds to seconds
(Hara et al., 2015).

Both estrogen and progesterone exert acute
effects on synaptic physiology through the
activation of multiple intracellular signaling
pathways which includes the MAPK/ERK and
the Akt pathway which are both part to a non-
genomic signaling cascade linked to the
promotion of cell survival. MAPK/ERK is a
chain of proteins in the cell which communicates
a signal from a receptor on the cell surface to the
DNA in the nucleus. The pathway includes many
proteins such as Mitogen activated protein kinase
(MAPK) originally called Extracellular signal-
regulated kinase (ERK) which communicates
through phosphorylation (Lavoie et al., 2020).
Also Akt is a serine/threonine kinase previously
known as protein kinase B (PKB), consisting of
three isoforms (Aktl, Akt2 and Akt3), with a
crucial role in major cellular functions including
cell size, cell cycle progression, regulation of
glucose  metabolism,  genome  stability,
transcription, protein synthesis and
neovascularization (Nitulescu et al., 2018). A
distinct progesterone-binding protein different
from the classical PR was identified as a
membrane protein, known as 7TMPR: a G-
protein coupled progesterone receptor (Brinton et
al., 2008) which mediates non-genomic actions
through second-messenger cascades. However,
genomic and non-genomic actions of hormones
may also be coupled, so the distinctions are not
as clear-cut as was first thought (Singh, 2001).
Estrogens also exhibit profound effect on
neurotropins such as brain-derived neurotropic



Nigerian Veterinary Journal 41 (2). 2020

factor (BDNF). BDNF has been shown to play a
key role in neuronal survival, in promoting
neuronal regeneration following injury and
regulating neurotransmitter system (Kwakowsky,
et al., 2016). Estrogen treatment seems to
increase  BDNF expression in several brain
regions including hippocampus, amygdala and
cortex. Estrogen has also been shown to decrease
the risk for neurodegenerative diseases such as
Parkinson's disease and Alzheimer's disease
(Handa et al., 2012).

Although estrogen and progesterone target
multiple regions in the brain, one brain region
that has been the focus of many studies
investigating potential neurotropic effects of
these hormones is the hippocampus, a brain
region associated with various memory
functions. Both, acute estrogen and progesterone
treatment have been shown to increase synapse
density and spine formation in hippocampal
structures in rodents respectively (Sheppard et
al., 2019). However, the generative effects of
progesterone seem to disappear after chronic
treatment. Furthermore, progesterone has also
been shown to down-regulate estrogen-induced
synapses when added to estrogen-administration
chronically (Karpinski et al. 2017). Thus, the
duration and combination of ovarian hormone
supplementation seems to be essential for its
neuroplastic effects on brain structures, such as
the hippocampus. Therefore, the overall
modulatory effect of ovarian hormones is more
complex than simple mechanistic processes of
up- and down-regulation of expression patterns
in isolated brain regions (Yague et al., 2008).

In humans, evidence for hormone-dependent
modulatory effects on brain structure stems from
hormonal replacement therapy (HRT) studies.
The importance of ovarian hormones has led to
its use as HRT, primarily to treat menopausal and
postmenopausal symptoms such as hot flashes
and night sweat. However, structural and
functional changes associated with HRT
regimens have sparked a heightened interest in
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ovarian hormone effects in the human body
(Labhart, 2012).

Beyond structural changes mediated by HRT,
estrogen supplementation is also known to have
prominent effects on mood and cognitive
functioning in domains such as working memory
and executive control (Uban et al., 2012).
Estrogen and glutamate interaction

Glutamate acts as the main excitatory
neurotransmitter in the Central Nervous System
(CNS) and is a proximal regulator of cognitive
domains such as learning and memory. The
integration of glutamatergic transmission is
fundamental for normal cognitive functioning
and mental health. The cortical glutamate
projections are organized in descending and
ascending pathways that project throughout
much of the telencephalon (the lobes of the
cerebral cortex). The impact of ovarian hormones
(estrogen and progesterone) on the glutamatergic
system has been studied extensively, especially
in cell cultures and animal models. Both
stimulatory and inhibitory effects of ovarian
hormones have been reported (Bethea and
Reddy, 2012).

In rodents, several mechanisms through which
ovarian hormones may influence glutamatergic
neurotransmission have been studied;
progesterone has been shown to suppress the
excitatory glutamate response in a dose-
dependent fashion while estrogen exhibits
facilitating effects on glutamate transmission
(Farkas et al., 2018). A physiological dose of
progesterone in ovariectomized rats has been
reported to reduce glutamate-response by 87%
through attenuation of non-NMDA receptors
(AMPA- Kainate). N-methyl-D-aspartate
(NMDA) receptors are glutamate receptors and
ion channel protein found in nerve cells while
AMPA (0-amino-3-hydroxy-5-methyl-4-
isoxazole propionic acid) is a sub-type of
glutamate receptor responsible for the majority of
fast-excitatory transmission in the central
nervous system. The kainite receptor which is an
ionotropic  receptor that respond to the
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neurotransmitter; glutamate is similar and the
term AMPA-kainate is sometimes used to
describe them collectively (Lerma and Marques,
2013). The magnitude of the attenuation of the
non-NMDA receptors seems directly
proportional to the progesterone dose. Whereas
progesterone  mainly impacts non-NMDA
receptors, the mechanisms underlying estrogen
effects on cognition are related to NMDA
glutamate receptors. Estrogen has been shown to
promote an increase in NMDA receptor subunit
expression binding sites and neuronal sensitivity
to synaptic input mediated by NMDA glutamate
receptors. The blockade of NMDA receptors
with antagonists attenuates the effects of estrogen
on neuronal correlation of memory, such as long-
term potentiation (Abdallah et al 2014).

A plethora of animal studies have shown that
estrogen with and without progesterone increases
dendritic spines through the up-regulation of
AMPA and NMDA receptors in the hippocampus
and prefrontal cortex (PFC) but ovariectomy
reduced synaptic markers in these regions (Zhou
et al., 2005: Alexander et al., 2018).

Apart from cellular effects, recent studies report
that the interaction between estrogen and
glutamate can affect cognitive domains such as
working memory and executive function under
harmful conditions. Brain regions hypothesized
to underlie these cognitive domains, for instance;
the pre-frontal cortex (PFC) and hippocampus,
seem largely dependent on normal estrogen
signaling to counter insults such as stress. In a
repeated stress paradigm, Wei et al., (2014)
found a beneficial effect of endogenous estrogen
on glutamate receptors in the PFC in female rats
compared to male rats. Some authors propose
that detrimental effects of repeated stress are
present in females when estrogen signaling is
blocked. Also, detrimental effects of stress are
blocked in males when estrogen signaling is
activated (Jacobs et al., 2015: Yuen et al., 2016).
Blocking estrogen synthesis enzyme aromatase
with formestane in pre-frontal cortex (PFC)
showed stress-induced glutamatergic deficits and
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memory impairment in female rats. This suggests
that the female rodent PFC has an endogenous
capacity to generate estrogen that provides
protection against sub-chronic repeated stress.
However, there is gender differences in response
to stressors and they are modulated by hormonal
status. However exogenous administration of
estrogen seems to increase resilience to stress
and preserve hippocampal functioning in rats
(Cohen and Yehuda, 2011: Bredemann and
McMahon, 2014).

Although animal studies assessing
electrophysiological, biochemical and behavioral
markers for sex hormonal impacts on the
glutamatergic system provide useful insights on
underlying mechanisms, extrapolation to humans
is difficult. Some of the beneficial effects of
estrogen on cognitive function have also been
shown in humans. Pre-menopausal women who
were treated with a gonadotropin releasing
hormone analog which chemically suppressed
ovarian  function  experienced  significant
deterioration of mood and worsening of
performance in working memory tasks (Freeman
et al., 2006: Grigorova and Sherwin, 2006:
Soares, 2014).

A large number of studies with behavioral testing
during hormonal transitions such as the
menstrual cycle or post-menopause, point toward
an estrogen-dependent improvement in memory
but the neurochemical pathways underlying these
changes remain to be identified. A useful
approach to assess glutamate release in vivo in
humans might be a pharmacological stimulation
of the glutamatergic system with positron
emission tomography (PET) using a glutamate-
receptor radio ligand. In conjunction with MR-
Imaging it could link glutamate release to brain
activation during working memory tasks
(Mcewen et al., 2012). Such methods may lead to
a better understanding of the interaction between
sex hormones and glutamatergic
neurotransmission in humans (Holmseth et al.,
2012: Li and Huang, 2014).
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Estrogen and
interaction
Gamma-amino butyric acid (GABA) is the most
abundant and widely distributed inhibitory
neurotransmitter in the Central Nervous System
(CNS). GABAergic neurotransmission through
interneurons is known to modulate local neuronal
circuits through activation of dopaminergic and
serotonergic neurons. GABAergic interneurons
can be differentiated into two types, each acting
through its receptor-subtype. GABA receptors
are highly distributed in cortical, hippocampal,
thalamic, basal ganglia and cerebellar structures
(Sieghart and Sperk, 2002: Zhou and Danbolt,
2013).

GABAA receptors mediate major inhibitory
GABAergic actions in the central nervous system
(CNS) and are putative sites for ovarian hormone
effects. Estrogen modulates the dynamics of
surface GABAA receptors hence efficacy of
inhibition through a postsynaptic mechanism
(Mukherjee et al., 2017). Whereas estrogen
seems to suppress GABA inhibitory input,
progesterone and its neuroactive metabolites
(allopregnanolone and pregnanolone) seem to
facilitate GABAergic transmission through their
action at GABAAa receptors. Allopregnanolone
acts like a positive modulator and potentiates the
inhibitory action of GABA by increasing channel
openings of the GABA-gated chloride channels
and augmenting other inhibitory neuronal
responses to GABA. This facilitation of GABA-
mediated Chloride ion current can result in
inhibitory effects on neuronal function (Murphy
et al., 1998a: Marshal, 2008).

gamma-aminobutyric-acid

Estrogen and dopamine interaction

Dopamine (DA) is a key neurotransmitter that is
implicated in motor control, learning, motivation,
reward, decision-making and working memory.
Brain areas that show rich dopaminergic
innervation include the striatum, substantia nigra
and hypothalamus. Estrogen can impact
dopaminergic  neurotransmission through a
multitude of mechanisms which include:
synthesis, release, degradation and pre-and
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postsynaptic receptor transmissions (Quinlan et
al., 2013). There is evidence for stimulating as
well as inhibiting effects of estrogen on
dopaminergic neurotransmission. The impact of
estrogen on the DA-system depends on dose as
well as time of testing, mode of administration,
duration of exposure, and time after exposure.
Estrogen has an overall facilitating effect on
dopaminergic neurotransmission. Priming with
estrogen can also influence the impact of
progesterone on dopaminergic transmission
(Barth et al., 2015).

Recent studies report on the interaction between
estrogen and dopamine on cognitive domains,
such as decision-making, fear extinction and
memory. There seems to be an agreement that
estradiol affects decision-making toward smaller,
more accessible rewards and a low-estrogen state
during fear extinction is detrimental for an
optimal freezing suppression after extinction,
which is mediated by DAZl-receptor signaling
and that memory is mediated by the interaction
of estradiol and dopamine in the dorsal striatum.
Thus, optimal signaling may depend on the levels
of estrogen to best interact with dopamine levels
in the median range for optimal striatal function
and optimal performance during a task (Rey et
al., 2014).

Several neuropsychiatric pathologies that display
a substantial sexual dimorphism have been linked
to abnormal dopaminergic function, such as
schizophrenia, Parkinson's, or Alzheimer's
disease. Thus, a better understanding of the
interaction between estrogen and dopaminergic
neurotransmission could help to improve
pharmacological treatment regimens for these
diseases and significantly impact women's
mental health (Reeves et al., 2009).

Estrogen and serotonin interaction

The effect of estrogen on serotonin expression
seems to depend on several factors such as:
receptor subtype, brain area and duration of

estrogen  treatment. Chronic  estrogen
administration has been found to increase
tryptophan  hydroxylase (TPH) messenger
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ribonucleic acid (mMRNA). TPH is a serotonin
synthesizing enzyme. These enzymes include: 5-
hydroxytryptamine 2A (5-HT2a) mMRNA levels in
brain areas relevant for the control of mood,
mental state and  cognition and 5-
hydroxytryptamine transmission (5-HTT) mRNA
(Wu et al.,, 2019). However, acute estrogen
treatment leads to decrease in mRNA related to
serotonergic neurotransmission. For instance, 5-
HT1B auto-receptor mRNA in dorsal raphe and
Mono amino oxidase A (MAO A) mRNA
activity are decreased after estrogen treatment
(Amidfar et al.,, 2016). Furthermore, acute
estrogen administration decreases 5-HTT mRNA
levels and 5-HTia mMRNA levels and binding.
The latter effect disappears after a more chronic
treatment-regimen. Thus, assigning the effects of
estrogen on serotonin to a homogenous
functional class of stimulation or inhibition
seems not to be feasible (Michopoulos et al
2011).

Extraneous activities of estrogen

Apart from reproduction and modulations in the
brain, estrogen has been implicated in many
other bodily function:

Effect of estrogen in cardiovascular system
Estrogen therapy in postmenopausal women
decreases the serum levels of both total and low-
density lipoprotein (LDL) cholesterol and raises
high-density lipoprotein (HDL) cholesterol and
triglycerides by influencing the expression of
hepatic Apo protein genes. Two estrogen
receptor (ER) subtypes, ERa and ERf, have been
identified and are expressed in the vasculature.
However,  estrogen  supplementation  in
ovariectomized monkeys reduces the formation
of plaques independent of changes in total
plasma cholesterol or HDL levels. In contrast,
protection against the development of
atherosclerotic plaques by estrogen in intact
female monkeys is associated with a concomitant
decrease in plasma HDL (Meyer et al., 2014).
Estrogen  enhances  endothelium-dependent
vesorelaxation through increased release of nitric
oxide (NO) (Akinshita and Yu, 2012). Estrogen
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inhibits calcium influx and stimulates calcium
efflux in vascular smooth muscle cells leading to
endothelium-independent vasodilation.
Endothelial regeneration, inhibition of
endothelial apoptosis and inhibition of vascular
smooth muscle  cell migration  and
proliferation may account for the inhibitory
effects of estrogen on neointima formation
(Krom et al., 2007). Analyses of knockout mice
for ERa and ERP have provided more
information regarding the molecular mechanism
of estrogen’s action on the blood vessels. Recent
progress in nuclear receptor research has also
clarified the non-genomic action of estrogen on
the vasculature such as the direct interaction of
ERo  with the regulatory subunit of
phosphatidylinositol-3-OH kinase (Wu et al.,
2005: Akishita and Lu, 2012: Reslan et al.,
2013).

Effect of estrogen on bones

Estrogen has various actions that are related to
bone development and bone maintenance.
Aromatase expression in human bone has been
demonstrated in osteoblasts, chondrocytes, and
fibroblasts where they convert circulating
androgens into estrogen (Gennari et al., 2004). In
the bone of prepubertal animals, the locally
synthesized estradiol stimulates epiphyseal
maturation during the growth phase. However, in
both males and females, the massive pubertal
increase of estradiol leads to increased apoptosis
of chondrocytes in the epiphyseal plate, causing
chondrocyte depletion and hence, ossification
and slow down of growth. In adults, estradiol
increases bone formation and mineralization and
reduces bone resorption, thus reducing the risk of
osteoporosis (Zhong et al., 2011).

Effect of estrogen on appetite

There is a correlation between estradiol levels
and appetite. Food intake is significantly
decreased during the preovulatory period when
estradiol levels are increasing. These actions are
attributed to estradiol inhibiting appetite
indirectly through cannabinoid receptors which
are a class of cell membrane receptors in the
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guanoline protein-coupled superfamily located
throughout the body involved in appetite, pain-
sensation, mood and memory (Mela et al., 2016).
When estrogen receptors are blocked with
estrogen receptor antagonist such as 1C1182, 270,
any action of estradiol on appetite is removed.
Alternatively, appetite is influenced by the
microbiome which are ecological communities of
commensals, symbiotic and  pathogenic
microorganisms present in the gastrointestinal
tract (GIT). Bacterial peptides signal hunger or
satiation; which means that bacteria control the
desire of an animal or humans to eat.
Interestingly, locally synthesized estrogen
produced in response to microbiome composition
influence immune responses to the bacterial load
(Blaut, 2015).

Regulation of adrenal function by estrogen

Estrogens stimulate adrenal cortex growth during
development by promoting cell proliferation and
enhancing steroidogenic activity by increasing
steroidogenic acute regulatory (StAR) protein
and steroidogenic factor-1(SF-1) expression in
the adrenal gland. The steroidogenic acute
regulatory protein, commonly referred to
as StAR is a transport protein that regulates
cholesterol transfer within the mitochondria.
StAR is a rate limiting step in the production of
steroid hormones. StAR is primarily present in
steroid producing cells which includes: theca and
luteal cells in the ovary, Leydig cells in the testis
and cell network in the zona reticularis of the
adrenal cortex (Roostaee et al., 2008). There is
need to transfer cholesterol from the outer
mitochondrial membrane to the inner membrane
where cytochrome P450scc enzyme
(CYP11A1) cleaves the cholesterol side chain,
which is the first enzymatic step in all steroid

synthesis. P450scc is a member of the
cytochrome P450 superfamily of enzymes
(family 11, subfamily A, polypeptide 1).

The gene name is CYP11A1 (Choi et al., 2019).
The aqueous phase between these two
membranes cannot be crossed by the cholesterol.
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StAR is the carrier protein which mediates this
process (Tyczewska et al., 2014).

In the fetal adrenal gland, estradiol and
adrenocorticotropic hormone (ACTH) form as a
positive regulatory loop in which estradiol
increases ACTH secretion from adrenal cortex
while ACTH increase estradiol in the ovary
(Kariyazono et al., 2015)

Effect of estrogen in pancreas

Estradiol increases insulin gene expression and
insulin content in B-cells of the pancreas. Also,
estradiol increases p-cell proliferation during
pancreatic development and recovery from injury
and prevents apoptosis of B-cells upon
inflammatory insult through estrogen receptor
alpha (ERa) and estrogen receptor beta (ERp)
mediated pathways (Yuchi et al., 2015).

Effect of estrogen in adipose tissue

Estradiol stimulates the production of high
density lipoprotein cholesterol (HDL) and
triglycerides in adipose tissues but decreases low
density lipoprotein (LDL) production and fat
deposition. However, in an experiment
conducted by Barakat et al., 2016, both male and
female aromatase-deficient (Cypl9KO) mice
exhibited obesity and dyslipidemia proving that
estradiol plays a beneficial role in lipogenesis. At
the other hand, estradiol is indicted in the
pathogenesis of breast cancer because adipose
tissues proximal to the breast tumor exhibit
higher aromatase activity than those distal to it
(Miller, 1991: Rochira and Carani, 2009: Hess
and Cooke, 2017)

Effect of estrogen in the skin

Aromatase expression in the skin occurs mainly
in hair follicles and sebaceous glands. Estradiol
enhances collagen synthesis, increases skin
thickness, and stimulates blood flow in the skin.
Estradiol also prolongs the anagen phase of the
hair cycle and therefore enhances hair growth by
increasing the synthesis of essential growth
factors stimulating the proliferation of hair
follicle cells. As a result estrogen is used in
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cosmetics as hair shampoo. But the danger is that
the estrogen component of the cosmetic can
induce premature development in the girl child
and cause feminization in the male fish that
comes in contact with it in fresh water during the
germination period of the reproduction (Nelson
and Bulun, 2001: Jobling et al., 2006: El-Safoury
etal ., 2010).

Effect of estrogen in the liver

In the liver, estradiol regulates protein synthesis,
including lipoprotein and proteins responsible for
blood clotting (factors 1I, VII, IX, X,
plasminogen). Estrogen signaling is also essential

in  regulating glucose homeostasis, thus
improving glucose tolerance and insulin
sensitivity (Barros and Gustafsson, 2011).

Estrogens are metabolized through hydroxylation
by cytochrome P450 enzymes such as CYP1Al
and CYP3A4 through conjugation by estrogen
sulfotransferases and Uridine 5-diphospho-
glucoronyl transferases (UDP-glucoronyl
transferases).  In  addition, estradiol s
dehydrogenated by 17B-hydroxysteroid
dehydrogenase into estrone which is less potent.
These reactions occur primarily in the liver.
Estrogen receptor beta (ERp) is implicated in
mediating the protective role that estradiol plays
under pathogenic condition in the liver as it
shows potent anti-proliferative and anti-
inflammatory properties (lavaroneet al., 2003).
ERp is also known to mediate the anti-tumor
action of  estrogens in intrahepatic
cholangiocarcinoma (Marzioni et al., 2012).

Effect of estrogen in immunity

Estrogens play an important role in the
inflammatory response by regulating
development, proliferation, migration, and

apoptosis of immune cells. Lymphocytes have
been shown to express estrogen receptors (ERa
and ERp), but the expression levels of both
receptors vary among cell types. CD4+ T-
lymphocytes (which are white blood cells that
are an essential part of the human immune
system. They are often referred to as CD4 cells,
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T-helper cells or T4 cells). They express ERa
whereas B-lymphocytes express ERB. However,
CD8-+ T-lymphocytes which are lymphocytes
that kill cancer cells, cells infected with virus
and/or damaged cells express both receptors at
low but equal levels (Uzhachenko and Shanker,
2019). Estradiol inhibits lymphopoiesis and
influences T helper (Th) lymphocyte responses
inhibiting the production of Thl cytokines such
as interleukin-12 (IL-12) (which is produced by
activated antigen-presenting cells; dendritic cells
and macrophages. It promotes the development
of Th1l responses), tumor necrosis factor-a (TNF-
o) and interferon gamma (IFN-y); a dimerized
soluble cytokine that is the only member of the
type Il class of interferon and stimulate Th2 anti-
inflammatory cytokine production such as
interleukin-10 (IL-10), IL-4, and transforming
growth factor-p (TGF-B) (Salem, 2004: Fabregat
and Caballero-Diaz, 2018). Estradiol has also
been shown to modulate the maturation,
differentiation and migration of myeloid cells,
including monocytes, macrophages, and dendritic
cells. In effect, estradiol negatively impact on
immune cells and affects both the innate and the
adaptive immune systems, which may account
for its contribution in diseases associated with
immune disorder (Mackern-Oberti et al., 2017).

Effect of estrogen post-partum

Estrogen levels decrease 100-1000-fold post-
partum. This dramatic hormonal change induce a
cascade of signaling that also affects the brain
(Schiller et al., 2015). A study investigating the
neurochemistry of the female brain in the
immediate postpartum period found a substantial
whole-brain increase in Monoamine oxidase A
(MAO-A) in the brain in the first week
postpartum compared to women who had not
recently been pregnant. MAO-A is an enzyme
that metabolizes monoamines, such as serotonin,
dopamine and noradrenaline. A significant
increase in MAO-A has been proposed to be
predictive for the recurrence of major depressive
disorder. These findings in humans are in line
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with the inverse relationship between estrogen
levels and MAO-A which has been observed in
cell lines, as well as in rat and macaque models
(Dowlati et al., 2017). The acute estrogen drop
within the first week postpartum has been
hypothesized to trigger the subsequent MAO-A
peak that could explain the depressed mood that
a majority of mothers experience during this
time. Elevated MAO-A levels have also been
found in prefrontal cortical regions and areas of
the acuate nucleus in women with postpartum
depression (PPD) and in women who do not meet
criteria for a full PPD but report postpartum
crying (Mbarak et al, 2019). Thus, the
interaction between estrogen and MAO-A seems
to be a crucial factor in balancing postpartum
mood. Given the current lack of prevention
strategies for PPD, translation of biological
concepts to facilitate the normalization of MAO-
A levels in the brain, including potentially
attenuating the acute hormonal withdrawal that
can precede such an MAO-elevation, represents a
promising line of research (Suda et al., 2008).

Estrogenic deficiency

In vertebrates, estrogen deficiency occur due
among others to: hypogonadism which is caused
by ovarian failure, hypopituitarism (which makes
it difficult to synthesize FSH and LH), polycystic
ovarian syndrome, anorexia nervosa, extreme
endurance exercise training post-partum and
during lactation (Hill et al., 2004: Arenas et al.,
2005).

The symptoms commonly observed in estrogen
deficiency  include:  fatigue,  depression,
amenorrhea, lack of concentration, urinary tract
infections, mood swings, hot flashes, breast
tenderness, painful sex due to lack of lubrication,
osteoporosis due to decreased bone density,
compulsive behavior in male and ultimately
infertility (Hill et al., 2007: Pinna et al., 2008).
Estrogen in disease

Estrogen is implicated in the development or
progression of numerous diseases such as
osteoporosis, breast cancer, endometrial cancer,
ovarian cancer, colorectal cancer, heart disease
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and neurodegenerative diseases. Most women
who take singe hormones as hormone
replacement therapy (HRT) run the risk of
coming down with cancer. The longer women
take HRT, the more the risk increases. However,
with stoppage of the treatment, the risk factor
wanes off and returns to pre-treatment state
(Ivarone et al., 2003: Sohrabji and Lewis, 2006:
Deschamps et al., 2010).

Estrogen in Colorectal cancer

Studies have shown that combining two
hormones as hormone replacement therapy
(HRT) lowers the risk of invasive colorectal
cancer in postmenopausal women. The two
hormones commonly combined are estrogen and
progestin. However, combination HRT does not
lower the risk of dying from colorectal cancer
(Prossnitz and Barton, 2011).

Estrogen in Treatment

Synthetic estrogen has numerous uses in
medicine. The most common and notable uses of
estrogen are in birth control pills or
contraceptives and in hormone replacement
therapy in humans. Estrogen is also used as a tool
in estrous synchronization in animals (Pal and
Dar, 2020). In humans, women between the ages
of 25 to 50 who are estrogen deficient are
generally prescribed a high dose of estrogen.
This can reduce the risk of bone loss,
cardiovascular disease, and other hormonal
imbalances. The actual dose will depend on the
severity of the condition and the method of
application (Harman, 2014).

Mode of administration of estrogen

Estrogen can be administered through the oral
route, intra vaginal, intra venous or topical.
Estrogen therapy is only recommended for one to
two years. This is because estrogen therapy may
increase the risk of cancer (Grodstein et al.,
2006: Darabi et al., 2011).
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Estrogen in Livestock

Human circulating estrogen are affected by diet
and medication. Animal derived foods are rich in
cholesterol, saturated fat and proteins.
Cholesterol is the precursor for steroid hormones.
In effect, cholesterol rich food leads to increase
in estrogenic synthesis. This information is
buttressed by the fact that changing diet regimen
from animal products to vegetables in humans
resulted in a significant reduction in estrogen
(Carruba et al., 2006).

However, synthetic estrogens are used as growth
promoters and anabolic agents for efficient
conversion of feed into meat in livestock and
poultry. These hormones mimic the action of
endogenous estrogens and initiate signal
cascades out of membranes of the alimentary
tract which affects the physiology of consumers
especially in pubertal females (Lykholat et al.,
2016).

Most cattle producers in the United States of
America, use hormone implants to improve
production efficiency. Some of these hormones
approved by Food and Drug Administration
include: estradiol, progesterone, testosterone,
trenbolone acetate and zeranol. It is important to
note that implants reduce greenhouse gas
emission, energy use, water use and reactive
nitrogen loss when compare to beef raised
without growth promoting hormones (Beef
News, 2019).

Though implanted animals release minimal
quantity of estrogen; about one nanogram per
three-ounce serving when compared to non-
implanted animals, some consumers of such meat
especially the bone complain of massive weight
gain (Okwudiri, 2020, Oral communication).
This is understandable because for growth to
occur, most of the estradiol released from the
pellet accumulate in the bones and induce the
periosteum to become osteoprogenitor (bone
forming) cell which eventually give rise to
osteoblasts at the point of ossification of the
cartilage to become bone (Goff, 2015).
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CONCLUSION AND RECOMMENDATION
Estrogen in women is responsible for women to
multitask with ease (Wei et al., 2014).

Estrogen-dependent improvement in memory is

observed but the neurochemical pathways
underlying these changes have not been
identified, therefore | recommend that

researchers should turn their attention towards
this vacuum with a view to fill it.

Postpartum depression (PPD) is a common
occurrence in  primipartum women  (first
parturition). However, it is not certain whether
estrogen drop postpartum is a sequel to PPD due
to increase in Monoamine Oxidase. Hence |
suggest that researchers should establish the
actual cause of PPD whether it is hormone
induced or psychopathic or both by treating post
parturient females with Gonadotropin Releasing
Hormone, or Follicle Stimulating Hormone or
Luteinizing Hormone which ultimately leads to
increase in estrogen secretion.

Apart from United States of America that are
clear about the use of hormone in livestock
production, other countries should report drug
use in animal production so that consumers will
beware the consumption of some parts like the
bone in order to avoid weight increase arbitrarily.
This review is just to bring out estrogenic
functions aside from reproduction. I suggest that
a critical review of estrogen should be done to
harness the progress made so far with estrogen
research, the vacuums and the way forward.

REFERENCES:
ABDALLAH C. G., JIANG L., DE FEYTER H.

M., FASULA M., KRYSTAL J. H,,
ROTHMAN D. L., et al. (2014).
Glutamate  metabolism in  major

depressive disorder. Am. J. Psychiatry.
171: 1320-1327

AKISHITA, M. and YU, J. (2012). Hormonal
effects on blood vessels. Journal of
Hypertension Research. 35: 363-369.



Nigerian Veterinary Journal 41 (2). 2020

ALEXANDER, B. H., BARNEA, H. M,
TRIMMER, E., DAVIDSON, A. M,
OGOLA, B. O., LINSEY, S. H. and
MOSTANY, R. (2018). Staple density
and dynamics of dendritic spines of
cortical neurons across the levels of
sensory evoked plasticity. Frontiers in
Molecular Neuroscience: 00083.

AMIDFAR, M., KIM, Y., COLIC, L., ARBABI,
M., MOBARAKI, G., HASANZADEH,
G., et al. (2016). Increased levels of
S5HT2A receptor mRNA expression in
peripheral blood mononuclear cells of
patients ~ with  major  depression:
correlations with severity and duration of
illness. Nordic Journal of Psychiatry71
(4): 282-288.

ANUSHKA, J. and KUMAR, T. R. (2017).

Extra-pituitary expressed follicle-
stimulating hormone: IS it
physiologicallyimportant.  Biology of

Reproduction 97 (4): 622-626

ARENAS, I. A., ARMSTRONG, S. J., XU, Y.
and DAVIDGE, S. T. (2005). Chronic
tumor necrosis factor-alpha inhibition
enhances NO modulation of vascular
function in estrogen-deficient
rats. Hypertension 46: 76-81

AZCOITIA, 1., SIERRA, A, VEIGA, S. and
GARCIA-SEGURA, L. M. (2003).
Aromatase  expression by  reactive
astroglia is neuroprotective. Ann N Y
Acad Sci. 1007:298-305

AZCOITIA, I, YAGUE, J. G. and GARCIA-
SEGURA, L. M. (2011). Estradiol
synthesis  within the human brain.
Neuroscience 191: 139-147.

BAKER, M. E. (2013). What are
physiological estrogens? Journal
Steroids. 78 (3): 337-40

BARAKAT, R., OAKLEY, O., KIM, H., JIN, J.
and KO, C. J. (2016). Extra-gonadal sites
of estrogen biosynthesis and function.
Journal of Biochemistry and Molecular
Biology 49 (9): 488-496.

the
of

99

Nwankudu

BARROS, R. P. and GUSTAFSSON, J. A.
(2011). Estrogen receptors and the
metabolic network. Cell Metab. 14: 289-
299.

BARTH, C., VILLRINGER, A. and SACHER, J
(2015). Sex hormones affect
neurotransmitters and shape the adult
female brain during hormonal transition
periods. Frontiers in Neurosciences:
00037.

BEEF NEWS (2019). An update on beef exports
and the hormone dispute.

BETHEA, C. L. and REDDY, A. P. (2012).
Ovarian steroids increase glutamatergic
related gene expression in serotonin
neurons of macaques. Mol. Cell.
Neurosci. 49: 251-262.

BLACKBURN, S. (2014). Maternal, Fetal, &
Neonatal Physiology. Elsevier Health
Sciences, ISBN 978-0-323-29296-2:146

BLAUT, M. (2015). Gut microbiota and energy
balance: role in obesity. Procedure of
Nutritional Science.74: 227-234.

BONDESSON, M., HAO, R., LIN, C,
WILLIAMS, C. and GUSTAFSSON, J.
(2015). Estrogen receptor signaling
during vertebrate development. Biochim.
Biophy. Acta 1849 (2): 142-151.

BRACHT, J. R., VIEIRA-POTTER, V. J., DE
SOUZA SANTOS, R, 0Z, 0. K,
PALMA, B. F., and CLEGG, D. J.
(2019). The role of estrogen in adipose
tissue millieu. Annals of the New York
Academy of Sciences volume 1461, Issue

1.
BRACKET, G. B. (2004). Male Reproduction in
Mammals.  Dukes  Physiology  of

Domestic Animals, 12" edition; William
Reece Ed. 670-690. ISBN: 0-8014-4238-
9.

BREDEMANN, T. M. and MCMAHON, L. L.
(2014). 17beta Estradiol increases
resilience and improves hippocampal
synaptic function in helpless


https://books.google.com/books?id=RNLsAwAAQBAJ&pg=PA146
https://books.google.com/books?id=RNLsAwAAQBAJ&pg=PA146
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-323-29296-2

Nigerian Veterinary Journal 41 (2). 2020

ovariectomized rats.
Psychoneuroendocrinology 42: 77-88.
BRINTO, R. D.,, THOMPSON, R. F., FOY, T.
E., PIKE, C. J, MACK, W. J,
STANCZYK, F. Z. and NILSEN, J.
(2008). Progesterone receptor forms and

function in  brain.  Frontiers in

Neuroendocrinology 29 (2): 313-39.
CACCIOLA, G., CHIOCCARELLI, T,

FASANO, S., PIERANTONI, R. and

COBELLIS, G. (2013). Estrogen and
spermiogenesis: New insights from type 1
cannabinoid receptor knockout mice.
International Journal of Endocrinology
ID: 501350

S., BEITZ, A. J. and LEE, J. (2019).
Inhibition of cytochrome P450 side-chain
cleavage attenuates development of
mechanical alloydynia by reducing spinal
D-Serine production in murine model of

CHOI,

neuropathic pain. Front. Pharmacol.
10:1439.
CAMACHO, P. M. (2017). Estrogen

Replacement Therapy for Osteoporosis.
Endocrineweb
CARRUBA, G., GRANATA, O. M., PALA, V.,

CAMPISI, I, AGOSTRARA, B,
CUSIMANO, R., RAVAZZOLO, B. and
TRAINA, A. (2006). A traditional

mediterranian diet decreases endogenous
estrogens in healthy postmenopausal
women. Nutr. Cancer 56: 253-259.

CHERRIER, M. M., MATSUMOTO, A.M.,,
AMORY, J. K., AHMED, S,
BREMNER, W., PESKIND, E. R., ET
AL. (2005). The role of aromatization in
testosterone suplimentation: effects on
cognition in older men. Journal of
Neurology 64: 290-296.

CHRISTENSEN, A., DEWING, P. and
MICEVYCH, P. (2011). "Membrane-
initiated estradiol signaling induces
spinogenesis required for female sexual
receptivity". The Journal of
Neuroscience. 31 (48): 17583-9

100

Nwankudu

COHEN, H and YEHUDA, R. (2011). Gender
differences in animal models of
posttraumatic ~ stress  disorder.  Dis.
Markers 30: 141-150.

CONKLIN, S. E. and KNEZEVIC, C. E. (2020).
Advancements in the gold standard
measuring steroid sex hormones by mass
spectrometry. Clinical Biochemistry 82:
21-32.

CORNIL, C. A, BALL, G. F. and
BALTHAZART, J. (2006). Functional
significance of the rapid regulation of
brain estrogen action: where do the
estrogens come from? Brain Res. 1126.

CUE, J., SHEN, Y. and LI, R. (2013). Estrogen
synthesis and signaling pathways during
aging from periphery to brain. Trends in
Molecular Medicine 19 (3): 197-2009.

DARABI, M., ANI, M., PANJEHPOUR, M,
RABBANI, M., MOVAHEDIAN, A. and
ZAREAN, E. (2011). "Effect of estrogen
receptor B A1730G polymorphism on
ABCA1 gene expression response to
postmenopausal hormone replacement
therapy". Genetic Testing and Molecular
Biomarkers. 15 (1-2): 11-5

DENLEY, M. C. S, GRATFORD, N. J. F,
SELLERS, K. J. and SRIVASTAVA, D.
P. (2018). Estradiol and the development
of the cerebral cortex: an unexpected role.
Frontiers in Neuroscience: 00245.

DESCHAMPS, A. M., MURPHY, E. and SUN,
J. (2010). Estrogen receptor activation

and cardioprotection in  ischemia
reperfusion injury. Trends Cardiovasc
Med. 20: 73-78.

DIEUDONNE, M. N., LENEVEU, M. C,
GIUDICELLI, Y. and PECQUERY, R.
(2004). Evidence for functional estrogen
receptors alpha and beta in human
adipose cells: regional specificities and
regulation by  estrogens. American
Journal of Cell Physiology 286: C655-
C661.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4709636
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4709636
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4709636
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4709636

Nigerian Veterinary Journal 41 (2). 2020

DOWLATI, Y., RAVINDRAN, A. V., SEGAL,
Z. V., STEWART, D. E., STEINER, M.
and MEYER, J. H. (2017). Selective
dietary  supplementation in  early
postpartum is associated with high
resilience against depressed mood. PNAS
USA: 1611965114,

EL-SAFOURY, O., RASHID, L. and IBRAHIM,
M. (2010). A study of androgen and
estrogen receptors alpha, beta in skin
tags. Indian Journal of Dermatology.
55:20-24.

FABREGAT, I. and CABALLERO-DIAZ, D.
(2018). Transforming growth factor -
induced cell plasticity in liver fibrosis and
hepatocarcinogenesis. Front. Oncol. 8:

357.
FARKAS, 1., BALINT, F., FARKAS, E.,
VASTAGH, C., FEKETE, C. and

LIPOSITS, Z. (2018). Estradiol increases
glutamate and GABA neurotransmission
into GNRH neurons via retrograde NO-
Signaling in proestrous mice during the
positive estradiol feedback period.
eNeuro 5 (4): 0057.

FINDLAY, J. K., LIEW, S. H., SIMPSON, E. R.
and KORACH, K. S. (2016). Estrogen
Signaling in the Regulation of Female
Reproductive Functions. Handbook of
Experimental Pharmacology 2010 (198):
29-35

FREEMAN, E. W., SAMMEL, M. D., LIN, H.
and NELSON D. B. (2006). Associations
of hormones and menopausal status with
depressed mood in women with no
history of depression. Arch. Gen.
Psychiatry 63: 375-382.

FUENTES, N and SILVEYRA, P. (2019).
Estrogen receptor signaling mechanisms.
Advances in Protein Chemistry and
Structural Biology 116: 135-170.

GANONG W. F. (1993). Review of Medical
Physiology. Appleton and Lange. U.S.A.
ISBN: 0-8385-8234-6: 393.

101

Nwankudu

GOFF, J. P. (2015). Minerals, Bones and Joints.
Dukes Physiology of Domestic Animals,
13" Edition: 593

GRIGOROVA, M. and SHERWIN B. B. (2006).
No differences in performance on test of
working  memory and  executive
functioning between healthy elderly
postmenopausal women using or not
using hormone therapy. Climacteric 9:
181-194

GRODSTEIN, F., MANSON, J E. and
STAMPFER, M. J.  (2006).Hormone
therapy and coronary heart disease: the
role of time since menopause and age at
hormone initiation. J Womens Health 15:
35-44

HAMPSON, E. and MORLEY, E. E. (2013).
Estradiol concentrations and working
memory performance in women of
reproductive age.
Psychoneuroendocrinology 38: 2897-
2904.

HANDA, R. J., OGAWA, S., WANG, J. M. and
HERBISON, A. E. (2012). "Roles for
oestrogen receptor B in adult brain
function”. Journal of
Neuroendocrinology. 24 (1): 160-73

HARA, Y., WATERS, E. M., MCEWEN, B. S.
and MORRISON, J. H. (2015). Estrogen
Effects on Cognitive and Synaptic Health
over the life course. Physiological
Reviews. 95 (3): 785-807.

HARAGUCHI, S., SASAHARA, K., SHIKIMI,
H., HONDA, S., HARADA, N. and
TSUTSUI, K. (2012). Estradiol promotes
purkinje dendritic growth, spinogenesis,
and synaptogenesis during neonatal life
by inducing the expression of BDNF.
Cerebellum 11: 416-417.

HEIMAN, J. R., RUPP, H., JANSSEN, E.,
NEWHOUSE, S. K., BRAUER, M. and
LAAN, E. (2011). "Sexual desire, sexual
arousal and hormonal differences in
premenopausal US and Dutch women
with  and  without low  sexual


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3348521
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3348521
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3348521

Nigerian Veterinary Journal 41 (2). 2020

desire”. Hormones and Behavior. 59 (5):
772-9.

HENDERSON, V. (2009). Aging, estrogen and

HESS,

HESS,

HILL,

HILL,

episodic memory in women.
ResearchGate 22 (4): 205-214.

R. A., BUNICK, D., LEE, K. H., BAHR,
J,, TAYLOR, J. A, KORACH, K. S. and
LUBAHN, D. B. (1997). A role for
oestrogens in the male reproductive
system. Nature 390:509-512.

R. A. and COOKE, P. S. (2017). Estrogen
in the male: a historical perspective.
Biology of Reproduction 99 (1): 27-44.

R. A, POMPOLO, S., JONES, M. E,,
SIMPSON, E. R. and BOON, W. C.
(2004). Estrogen deficiency leads to
apoptosis in dopaminergic neurons in the
medial preoptic area and arcuate nucleus
of male mice. Mol. Cell. Neurosci. 27 (4):
466-476.

R. A., MCINNES, K. J., GONG, E. C,,
JONES, M. E., SIMPSON, E. R. and
BOON, W. C. (2007). "Estrogen deficient

male  mice  develop  compulsive
behavior”. Biological Psychiatry. 61 (3):
359-66.

HOLMSETH, S., DEHNES, Y., HUANG, Y. H.,

HU, J.

IAVARONE, M.,

FOLLIN-ARBELET, V. V., GRUTLE,
N. J, MYLONAKOU, M. N. et al.
(2012). The density of EAAC1 (EAAT3)
glutamate transporters expressed by
neurons in the mammalian CNS. J.
Neurosci. 32: 6000-6013.

, ZHANG, Z., SHEN, W and AZHA, S.

(2010). Cellular cholesterol delivery,
intracellular processing and utilization for
biosynthesis of steroid hormones. Journal
of Nutrition and Metabolism 7: 47

LAMPERTICO, P,
SELETTI, C., DONATO, M. F,
RONCHI, G N INNO, E. D. and
COLOMBO, M. (2003). The clinical and
pathogenetic significance of estrogen
receptor-beta expression in chronic liver

102

JACOBS, E. G,

JURASKA, J. M,

KANGWANAKADZO ed.

Nwankudu

diseases and liver carcinoma. Cancer 98:
29-534.

HOLSEN, L. M,
LANCASTER, K., MAKRIS, N,
GABRIELI, S. W., REMINGTON, A, et
al. (2015). 17p-estradiol differentially
regulates stress circuitry activity in
healthy = and  depressed  women.
Neuropsychopharmacology 40: 566-576.

JOBLING, S., WILLIAMS, R., JOHNSON, A,

TAYLOR. A., GROSS-SOROKIN, M.,
NOLAN, M., TYLER, C. R., VAN-
AERLE, R., SANTOS, E. and
BRIGHTY, G. (2006). "Predicted
Exposures to Steroid Estrogens in U.K.
Rivers Correlate with Widespread Sexual
Disruption in Wild Fish
PSopulations”. Environmental Health
Perspectives. 114 Suppl 1 (Suppl 1): 32—
9

SISK, C. L. and
DONCARLOS, L. L. (2013). Sexual
differentiation of the adolescent rodent
brain:  hormonal influences  and
developmental ~ mechanisms.  Horm.
Behav. 64: 203-210.

KALUDJEROVIC, J. and WARD, W. E. (2012).

The Interplay between Estrogen and Fetal
Adrenal Cortex. Journal of Nutritional
Metabolism: 837901.

(1996). AWF
Technical Handbook Series 7. Studying

Elephants. Published by the African
Wildlife Foundation, Nairobi, Kenya:
126-129.

KARIYAZONO, Y., TAURA, J., HATTORI, Y.,

ISHII, Y., NARIMATSU, S., FUJIMURA,
M., TAKEDA, T. and YAMADA, H.
(2015). "Effect of in utero exposure to
endocrine disruptors on fetal
steroidogenesis governed by the pituitary-
gonad axis: a study in rats using different
ways of administration™”. The Journal of
Toxicological Sciences. 40 (6): 909-16.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1874167
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1874167
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1874167
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1874167
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1874167

Nigerian Veterinary Journal 41 (2). 2020

KARLIGIOTOU, E., KOLIA, P., PAPAGGEL, P.,
VAGENA, A. DAFOPOULOS, K and
MESSINIS, I.E. (2011). FSH modulatory
effect on human granulosa cells: a gene-
protein candidatefor gonadotropin surge-
attenuating factor. RBMO 23 (4): 440-

448.

KARPINSKI, M., MATTINA, G. F. and
STEINER, M. (2017). Effect of gonadal
hormones on neurotransmitters
implicated in thepathophysiology of

obsessive-compulsive disorder: a critical
review. Neuro-endocrinology 105: 01-16.

KOTA, S. K., GAYATRI, K., JAMMULA, S.,
KOTA, S. K., KRISHNA, S. V. S,
MEHER, L. K. AND MODI, K. D. (2013).
Endocrinology of parturition. Indian
Journal of  Endocrinology  and
Metabolism 17 (1): 50-59.

KOW, L. M. and PFAFF, D. W. (1998).
"Mapping of neural and signal
transduction pathways for lordosis in the
search for estrogen actions on the central
nervous  system". Behavioural  Brain
Research. 92 (2): 169-80.

KROM, Y. D,, PIRES, N. M., JUKEMA, J. W.,
DE VRIES, M. R.,, FRANTS, R. R,
HAVEKES, L. M., VAN DIJK, K. W.
and QUAX, P. H . (2007). Inhibition of
neointima formation by local delivery of
estrogen receptor alpha and beta specific

agonists.  Journal  of Cardiovascular
Responses 73: 217-226.
KWAKOWSKY, A, MILNE, M. R,

WALDVOGEL, H. J. and PAUL, R. L.
(2016). Effect of estradiol on neurotropic
receptors in basal fore brain cholinergic
neurons: relevance for Alzheimer’s
disease. International  Journal  of
Molecular Sciences 17 (12): 2122.

LABHART, A. (2012). Clinical Endocrinology:
Theory and Practice. Springer Science &
Business Media. ISBN 978-3-642-96158-
8: 548.

103

Nwankudu

LAVOIE, H., GAGNON, J. and THERRIEN, M.
(2020). ERK signaling: a master regulator
of cell behavior, life and fate. Nature
Reviews Molecular Biology ISSN: 1471-
0080.

LERMA, J and MARQUES, J. M. (2013).
Kainite receptors in health and disease.
Neuron 80 (2): 292-311.

LI, F and TSIEN, J. Z. (2009) memory and the
NMDA receptors. The New England
Journal of Medicine 361 (3): 302-303.

LI, S. and HUANG, Y. (2014). In vivo imaging
of the metabotropic glutamate receptor 1
(mGIuR1) with  positron emission
tomography:  recent advance and
perspective. Curr. Med. Chem. 21: 113-
123.

LOMBARDI, G., ZARRILLI, S., COLAO, A,
PAESANO, L., DI SOMMA, C., ROSSI,
F. and DE ROSA, M. (2001). "Estrogens
and health in males". Molecular and
Cellular Endocrinology. 178 (1-2): 51-5

LYMER, J. M., SHEPPARD, P. A. S., KUUN,
T., BLACKMAN, A, JANI, N,
MAHBUB, S. and CHOLERIS, E.
(2018). Estrogens and their receptors in
the medial amygdala rapidly facilitate
social recognition in female mice.
Psychoneuroendocrinology 89: 30-38.

MA, Z. Q., VIOLANI, E., VILLA, F., PICOTTI,
G. B. and MAGGI, A. (1995). Estrogenic
control of monoamine oxidase A activity
in human neuroblastoma cells expressing
physiological concentrations of estrogen
receptor. Eur. J. Pharmacol. 284: 171-
176.

MACKERN-OBERTI, J. P, JARA, E. L,
RIEDEL, C. A. and KALERGIS, A. M.
(2017).  Hormonal = modulation  of
dendritic cells differentiation, maturation
and function: implications for the
initiation and progress of systemic
autoimmunity. Archivum Immunologiae
et Therapiae Experimentalis 65: 123-136.


https://books.google.com/books?id=DAgJCAAAQBAJ&pg=PA548
https://books.google.com/books?id=DAgJCAAAQBAJ&pg=PA548
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-3-642-96158-8
https://en.wikipedia.org/wiki/Special:BookSources/978-3-642-96158-8

Nigerian Veterinary Journal 41 (2). 2020

MARINO, M., GALLUZZO, P. and ASCENZI,
P. (2006). Estrogen signaling multiple
pathways to impact gene transcription.
Curr. Genomics 7: 497-508.

MARSHALL F. H. (2008). The role of GABA

(B) receptors in the regulation of

excitatory  neurotransmission.  Results

Probl. Cell Differ. 44, 87-98.
MARZIONI, M., TORRICE, A,

SACCOMANNQO, S., RYCHLICKI, C.,
AGOSTINELLI, L., PIERANTONELLI,
., et al. (2012). An oestrogen receptor f3-
selectiveagonist exerts anti-neoplastic
effects in experimental intrahepatic
cholangiocarcinoma. Journal of Digestive
and Liver Disease 44 (2): 134-142.

MBARAK, B., KILEWO, C., KUGANDA, S
and SUNGUYA, B. F (2019). Postpartum
depression among women with pre-
eclamsia in Tanzania; a call for
integrative intervention. BMC Pregnancy
and Childbirth 19: 270

MCEWEN, B. S., AKAMA, K. T., SPENSER-
SEGAL, J. L, MILNER, T. A. and
WATERS, E. M. (2012). Estrogen effects
on brain:  actions beyond the
hypothalamus via novel mechanisms.
Behavioral Neuroscience 126 (1): 04-16.

MELA, V. VARGAS, A, MEZA, C,
KACHANI, M. and WAGNER, E. J.
(2016). Modulatory influences  of
estradiol and  other  anorexigenic
hormones on metabotropic, Gi/o-coupled
receptor function in the hypothalamic
control of energy homeostasis. Journal of
Steroid Biochemistry and Molecular
Biology. 160:15-26.

MEYER, M. R., FREDETTE, N. C., HOWARD,
T. A, HU, C., RAMESH, C., DANIEL,
C., et al., (2014). G-protein coupled
estrogen  receptor  protects  from
atherosclerosis. Sci. Rep. 4: 7564.

MICHOPOULOS, V. BERGA, S. L. and
WILSON M. E. (2011). Estradiol and
progesterone modify the effects of the

104

Nwankudu
serotonin reuptake transporter
polymorphism on serotonergic

responsivity to citalopram. Exp. Clin.
Psychopharmacol. 19: 401-408.
MILLER, W. R. (1991). Aromatase activity in

breast  tissue.Journal  of  Steroid
Biochemistry and Molecular Biology. 39:
783-790.

MUKHERJEE, J., CARDARELLI, R. A,

CANTAUT-BELARIF, Y., DEEB, T. Z,,
SRIVASTAVA, D. P., TYAGARAJAN,
S. K., ET AL. (2017). Estradiol
modulates the efficacy of synaptic
inhibition by decreasing the dwell time of
GABAA receptors at inhibitory synapses.
Proceedings of National Academy of
Sciences (PNAS) of USA 114 (44):
11763-11768.

MURPHY, D. D. COLE, N. B,
GREENBERGER, V. and SEGAL M.
(1998a). Estradiol increases dendritic
spine density by reducing GABA
neurotransmission in hippocampal
neurons. J. Neurosci. 18: 2550—-2559.

NELSON, L. R. and BULUN, S. E. (2001).
"Estrogen production and action™. Journal
of the American Academy  of
Dermatology. 45(3): 116-124.

NICOL, M. R., PAPACLEOVOULOU, G.,
EVANS, D. B., PENNING, T. M.,
STRACHAN, M. W., ADVANI, A., et al.
(2009). Estrogen biosynthesis in human
H295 adrenocortical carcinoma
cells. Molecular and cellular
Endocrinology 300 (1-2):115-120.

NITULESCU, G. M., VAN DE VENTER, M.,
NITULESCU, G., UNGURIANU, A,
JUZENAS P., PENG, Q. et al., (2018).
The Akt pathway in oncology therapy and
beyond (Review). International Journal of
Oncology. ID: 4597.

NORTHROP, E. J. (2019). The influence of
preovulatory  estradiol on  uterine
transcriptomics and proteomics around
maternal recognition of pregnancy in beef



Nigerian Veterinary Journal 41 (2). 2020

cattle. South Dakota University; Theses
and Dissertations: 3355.

O'LONE, R., FRITH, M. C., KARLSSON, E. K.
and HANSEN, U. (2004). Genomic
targets of nuclear estrogen receptors.
Mol. Endocrinol. 18: 1859-1875.

OSTERLUND, M. K., WITT, M. R. and
GUSTAFSSON, J. A. (2005). "Estrogen
action in mood and neurodegenerative
disorders: estrogenic compounds with
selective properties-the next generation of
therapeutics". Endocrine. 28 (3): 235-42.

PAL, P. and DAR, M.R. (2020). Induction and
Synchronization of Estrus. Animal
Reproduction in Veterinary Medicine
Intechop: 262

PINNA, C., CIGNARELLA, A., SANVITO, P.,
PELOSI, V. and BOLEGO, C. (2008).
Prolonged ovarian hormone deprivation
impairs the protective vascular actions of
estrogen receptor alpha
agonists. Hypertension 51: 1210-1217.

PROSSNITZ, E. R. and BARTON, M. (2011).
The G-protein-coupled estrogen receptor
GPER in health and disease. Nat. Rev.
Endocrinol. 7: 715-726.

PROSSNITZ, E. R and HATHAWAY, H. J.
(2015). What have we learned about
GPER function in physiology and disease
from knockout mice? J Steroid Biochem
Mol Biol. 153:114-26.

QUINLAN M. G., ALMEY A., CAISSIE M.,
LACHAPPELLE 1., RADIOTIS G. and
BRAKE W. G. (2013). Estradiol and
striatal dopamine receptor antagonism
influence memory system bias in the
female rat. Neurobiol. Learn. Mem. 106:
221-229.

REEVES, S., BROWN, R., HOWARD, R. and
GRASBY P. (2009). Increased striatal
dopamine (D2/D3) receptor availability
and delusions in Alzheimer disease.
Neurology 72: 528-534.

Nwankudu

RESLAN, O. M., YIN, Z., DO NASCIMENTO,
G. R. and KHALIL, R. A. (2013).
Subtype-specific  estrogen  receptor-
mediated vasodilator activity in the
cephalic, thoracic, and abdominal
vasculature of female rat. J Cardiovasc
Pharmacol 62, 2640

RETTBERG, J. R., YAOQ, J. and BRINTON, R.
D. (2014). Estrogen: a master regulator of
bioenergetic systems in the brain and
body. Frontiers in Neuroendocrinology.
35: 08-30.

REY, C. D., LIPPS, J. and SHANSKY, R. M.
(2014). Dopamine D1 receptor activation
rescues extinction impairments in low-
estrogen female rats and induces cortical
layer-specific activation changes in
prefrontal-amygdala circuits.

Neuropsychopharmacology 39: 1282-
1289.
ROCHIRA, V. and CARANI, C.

(2009). "Aromatase deficiency in men: a
clinical perspective". Nature Reviews.
Endocrinology. 5(10): 559-68.

ROCHIRA, V., MADEO, B., DIAzzI, C,
ZIRILLI, L., DANIELE, S. and
CARANI, C. (2016). Estrogen and Male
Reproduction. Editor; Endotext (Internet).
South Dartmouth (MA): MDText.com,
Inc.

ROOSTAEE, A., BARBAR, E., LEHOUX, J. G.
and LAVIGNE, P. (2008). "Cholesterol
binding is a prerequisite for the activity
of the steroidogenic acute regulatory
protein  (StAR)". Biochem. J. 412 (3):
553-62.

SALEM, M. L. (2004). Estrogen, a double-edged
sword: modulation of TH1- and TH2-
mediated inflammations by differential
regulation of TH1/TH2  cytokine
production. Curr Drug Targets Inflamm
Allergy 3: 97-104.

SANTEM, R. J. and SIMPSON, E. (2019).
History of estrogen: its purification,
structure, synthesis, biologic actions and


https://zenodo.org/record/890683
https://zenodo.org/record/890683

Nigerian Veterinary Journal 41 (2). 2020

clinical implications. Endocrinology 160
(13): 605-625.

SANTOLLO, J. and DANIELS, D. (2015).
Control of fluid intake by estrogens in the
female rat: role of the hypothalamus.
Frontiers in System Neuroscience: 00025.

SCHILLER, C. E., MELTER-BRODY, S. and
RUBINOW, D. R. (2015). The role of
reproductive hormones in postpartum
depression. CNS Spectrums 20 (1): 48-

59.
SHANG, Y., HU, X., DIRENZO, J., LAZAR, M.
A., BROWN, M. (2000). Cofactor

dynamics and sufficiency in estrogen
receptor-regulated transcription. Cell 103:
843-852.

SHAY, D. A., VIEIRA-POTTER, V. J. and
ROSENFELD, C. S. (2018). Sexually
dimorphic effects of aromatase on
neurobehavioral responses. Frontiers in
Molecular Neuroscience: 00374.

SHEPPARD, P. A. S.,, CHOLERIS, E. and
GALEA, L. A. M. (2019). Structural
plasticity of the hippocampus in response
to estrogens in female rodents. Molecular
Brain: 22.

SIEGHART, W. and SPERK, G. (2002). Subunit
composition, distribution and function of
GABAA receptor subtypes. Curr. Top.
Med. Chem. 2: 795-816.

SIK YOO, H. and NAPOLI, J. L. (2019).
Quantification of
dehydroepiandrosterone, 17-B estradiol,
testosterone and their sulfates in mouse
tissue by LC-MS/MS. Analytical
Chemistry 19 (22): 14624-14630.

SIMPSON, E. R. (2003). Sources of estrogen and
their importance. Journal of Steroid
Biochemistry and Molecular Biology
86:225-230.

SINGH, M. (2001). Ovarian hormones elicit
phosphorylation of Akt and extracellular-
signal regulated kinase in explants of the
cerebral cortex. Endocrine 14: 407-415.

106

Nwankudu

SOARES, C. N. (2014). Mood disorders in
midlife women: understanding the critical
window and its clinical implications.
Menopause 21: 198-206.

SOHRABIJI, F. and LEWIS, D. K. (2006).
Estrogen-BDNF interactions:

implications ~ for  neurodegenerative
diseases. Front. Neuroendocrinol. 27:
404-414.

SONG, D., WU, G., WEI, Q. and SHI, F. (2019).
Bisphenol A attenuates thyroxin-induced
apoptosis in ovarian granulosa cells of
pigs. Reproduction in Domestic Animals
54: 6.

STRAUSS, J. F. and BARBIERI, R. L.
(2013). Yen and Jaffe's Reproductive
Endocrinology. Elsevier Health
Sciences, ISBN 978-1-4557-2758-2: 236.

STREHLOW, K., ROTTER, S., WASSMANN,
S., ADAM, O., GROHE, C., LAUFS, K.,
BOHM, M. and NICKENING, G. (2003).
Modulation of Antioxidant enzyme
expression and function by
estrogen.science Voluteer 93: 170-177.

SUDA, S., SEGI-NISHIDA, E., NEWTON, S. S.
and DUMAN, R. S. (2008). A postpartum
model in rat: behavioral and gene
expression changes induced by ovarian
steroid deprivation. Biol. Psychiatry 64:
311-3109.

TYCZEWSKA, M., RUCINNSKI, M.,
ZIOLKOWSKA, A. TREJTER, M.,
SZYSZKA, M. and MALENDOWICZ,
L.K. (2014). Expression of selected genes
involved in steroidogenesis in the course
of enucleation induced rat adrenal
regeneration. International Journal of
Molecular ~ Medicine  ISSN:  1791-
244X . Volume 33, Issue: 3

UBAN, K. A, RUMMEL, J., FLORESCO, S. B.
and GALEA L. A. (2012). Estradiol
modulates effort-based decision making
in female rats.
Neuropsychopharmacology 37: 390-401.


https://books.google.com/books?id=KZ95AAAAQBAJ&pg=PA236
https://books.google.com/books?id=KZ95AAAAQBAJ&pg=PA236
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-1-4557-2758-2

Nigerian Veterinary Journal 41 (2). 2020

UZHACHANKO, R. V. and SHANKER, A.
(2019). CD8+ T-lymphocytes and NK
cell network circuitry in the cytotoxic
domain immunity. Front. Immunol. 10:
1906.

WARNOCK, J. K., SWANSON, S. G., BOREL,

R. W., ZIPFEL, L.M. and BRENNAN, J.

J. (2005). "Combined esterified estrogens

and methyltestosterone versus esterified

estrogens alone in the treatment of loss of
sexual interest in surgically menopausal

women". Menopause. 12 (4): 374-84.

J, YUEN, E. Y. LIU, W, LI, X,

ZHONG, P., KARATSOREQS, I. N., et

al. (2014). Estrogen protects against the

detrimental effects of repeated stress on
glutamatergic transmission and cognition.

Mol. Psychiatry 19: 588-598.

WILCZYNSKI, W. and LYNCH, K. S. (2011).
Female sexual arousal in amphibians.
Hormones and Behavior 59 (5): 630-636.

WU, L., DENG, T., WANG, C., REN, X,
WANG Y., ZENG, X. and GENG, P.
(2019). Serotonin transporter (5-HTT)
gene polymorphism and susceptibility to
chronic periodontitis: A case-control
study. Front. Genet. 10: 706.

WU, T. W., WANG, J. M., CHEN, S. and
BRINTON, R. D. (2005). 17Beta-
estradiol induced Ca?+ influx via L-type
calcium channels activates  the
Src/ERK/cyclic-AMP  response element
binding protein signal pathway and BCL-
2 expression in rat hippocampal neurons:
a potential initiation mechanism for
estrogen-induced neuroprotection.
Neuroscience 135: 59-72.

YAGUE, J. G., WANG, A. C., JANSSEN, W.
G., HOF, P. R. GARCIA-SEGURA, L.
M., AZCOITIA, 1, et al. (2008).
Aromatase distribution in the monkey
temporal neocortex and
hippocampus. Brain Res. 1209: 115-127.

WEI,

107

Nwankudu

YASER, P., AYAZ, G., USER, S. D., GUPUR,
G. and MUYAN, M. (2017). Molecular
mechanism of estrogen-estrogen receptor
signaling. Journal of Reproductive
Medicine and Biology 16 (1): 04-20.

YUCHI, Y., CAl, Y., LEGEIN, B., DE GROEF,
S., LEUCKX, G., COPPENS, V., et al.
(2015). Estrogen receptor alpha regulates

beta-cell formation during pancreas
development and following
injury. American Diabetes

Association 64:3218-3228.

YUEN, E. Y., WEI, J. and YAN, Z. (2016).
Estrogen in prefrontal cortex blocks
stress-induced cognitive impairments in
female rats. Journal of  Steroid
Biochemistry and Molecular Biology
160: 221-226.

ZARATE, S., STEVNSNER, T. and
GREDILLA, R. (2017). Role of estrogen
and other sex hormones in brain aging.
Neuroprotection and DNArepair.
Frontiers in Aging Neuroscience: 00430.

ZIMMERMAN, M. A., BUDISH, R. A,,
KASHYAP, S. and LINDSEY, S. A.
(2016). GPER- novel membrane estrogen
receptor. Journal of Clinical Science 130
(12): 1005-1016.

ZHONG, M., CARNEY, D. H., BOYAN, B. D.
and SCHWARTZ, Z. (2011). 17beta-
Estradiol regulates rat growth plate
chondrocyte  apoptosis  through a
mitochondrial pathway not involving
nitric oxide or MAPKS. Endocrinology
152: 82-92.

ZHOU, Y. and DANBOLT, N. C. (2013). GABA
and glutamate transporters in brain. Front.
Endocrinol. 4:165.



