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Abstract

Recent medical research has provided a multitude of reliable biomarkers to
the field of contemporary medicine. This practice of incorporating
biomarkers in diagnosis and management of any given health condition has
proven to increase the precision and the pace of medical practice. It is
therefore essential to explore novel forms of biological indicators to improve
the efficacy of therapeutic intervention. The objective of this paper is

to review the potential of female sex hormones, particularly estrogens and
Keywords: progesterone, to acquire the status of comprehensive biomarkers for mental
health using psychiatric, cognitive and neuroscientific evidences drawn from

Estrogen; . past research. The paper discusses the neuromodulatory and neuroprotective
Progesterone; effects of female sex steroid on the brain circuitry and the positive impact on
Cogpnition; a wide range of cognitive abilities. The paper also reviews studies pertaining
Psychiatric disorders. to menopausal women, critical window hypothesis and hormonal therapy.

Finally, the buffer effect of female sex steroids on diathesis in acquiring a
disorder is also discussed by compiling studies conducted on clinical samples
of  Neurodevelopmental  disorders,  Neurodegenerative  disorders,
Schizophrenia, Anxiety, Depressive Disorders Stress-related disorders.
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1. Introduction

In the recent past, Preventive healthcare has gained momentum across the globe and Biomarkers have
become statistically significant topics of research in medical as well as community health today. According
to the National Institutes of Health, Biomarkers Definitions Working Group (1997, 2001), biomarker is
defined as “a characteristic that is objectively measured and evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmacologic responses to a therapeutic intervention or other health
care intervention”. According to Naylor (2003) “A biomarker is a characteristic that can be objectively
measured and evaluated as an indicator of a physiological, as well as a pathological process or a
pharmacological response to therapeutic intervention. They are useful in making informed treatment
decisions right from diagnosis, to predicting outcomes, success, and intensity of intervention required as well
as an individual’s response to the same. According to FDA, the characteristics of an ideal biomarker are as
follows: specific, safe and easy to measure, rapid, cheap, be able to give accurate results and consistent
across gender and ethnic groups.

In the past few decades, the field of psychiatry has made efforts have been made to integrate biomarkers
into practice with an aim to align its objectivity with fellow branches of medicine. Biological indicators
enable the diagnostic and prognostic assessment of various mental disorders, which is extended to behavioral,
cognitive and emotional aspects of functioning. A range of biomarkers have been found to be useful in
psychiatry and are classified as follows for better understanding: a) genetic: carrier genes, Single-Nucleotide
Polymorphisms ~ (SNP),  b) neurobiological:  cortical  thickness, neural circuit connectivity,
c) electrophysiological: conductivity, EEG waves, fMRI, and PET activity, d) biochemical: neurotransmitters
and hormones e) cognitive: executive functioning, and f) behavioural: endophenotypes. But, currently, only a
handful of these biomarkers have proven to be robust indicators in Psychiatry.
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2. Female Sex Steroids

Estrogens and Progesterone are the two sex steroids that are synthesized in females contributing a lot to
sexual dimorphism. Apart from inducing sexual motivation and reproduction, they are said to be involved in
regulating other functions as well which would be discussed in detail during the course of this review. All
vertebrates and a few insects have been identified to produce Estrogens in these forms Estrone (E1), Estradiol
(E2) and Estriol (E3) and Estetrol (E4), out of which the former three are predominant and the latter one
which is synthesized exclusively during pregnancy. 17-f estradiol is the most abundantly available and active
form of endogenous estrogen. Estrogens have an infinite number of receptors distributed across the cells of
the body. The binding of estrogens with their receptors modulate the phenotypic expression of many genes.
There are two major receptors namely, ERa and ERP (Koike, Sakai, & Muramatsu, 1987; Kuiper et al.,
1996), which are spread across Pituitary, Renal, Adrenal, Uterine and Ovarian and Neural regions.
Progesterone and its metabolites such as 5a-dihydroprogesterone and allopregnanolone, etc, have a wide
range of functions such as respiration, bone strength, skin elasticity, and have receptors in Uterine, Ovarian,
Hepatic, Dermal and Neural regions as well.

3. Neurosciene

Both Estrogen and Progesterone are identified to neurosteroidal properties. Neurosteroids are
neuromodulators, and are neuroprotective, neurogenic, and regulate neurotransmission and myelination
(Schumacher et al, 2005). Progesterone and its active metabolites help in regulating gamma-amino
butyric acid (GABA) receptors (Stein, 2008), arresting neuronal apoptosis by inhibiting caspase-3 and
cytochrome c¢ which are responsible for cellular apoptosis (Espinoza & Wright, 2011; Deutsch et al., 2013)
and promoting neuroregeneration by remyelinating axonal damage (Stein, 2008) and amplify the number of
progenitor cells in circulation (Li et al, 2012).

Estrogen The ER receptors are found dispersed across a wide range of brain areas like the dentate gyrus
of hippocampus (Weiland et al., 1997; Herrick et al., 2006), hypothalamus (ventromedial nucleus & arcuate
nucleus), cerebellum, pre-optic area, nucleus of stria terminalis, and regions of the brain stem (Shughrue et
al., 1997; Markoul, Duka, & Prelevic, 2005), that have genomic functions. ERB receptors are majorly
concentrated inthe hypothalamus, amygdala, and the hippocampus (Shughrue & Merchenthaler,
2000). Neurosteroidal effects of estrogens are seen at the anatomical level: in the form of neurogenesis,
synaptic transmission and neural network connectivity and also at the cellular level: mitochondrial energy
transfer and aerobic glycolysis (Brinton, 2008).

Early research has shown us that estrogens also have neuroprotective effects in the following ways:
boosting the survival of neurons even in condition of serum deprivation (Arimatsu and Hatanaka, 1986),
oxidative stress (Behl et al., 1997), shielding against excitotoxic injuries (Goodman, Bruce, Cheng, &
Mattson, 1996; Green, Gridley, & Simpkins, 1996; Singer, Rogers, Strickland, & Dorsa, 1996), neuronal
apoptosis (Garcia-Segura, Cardona-Gomez, Naftolin, & Chowen, 1998), inflammation (Suzuki et al., 2007,
Savari et al., 2010) and maintaining mitochondrial function (Simpkins, Yi, Yang, & Dykens, 2010).

In rats, the administration of estrogens induced rapid cell proliferation relative to the dosage (Barha,
Lieblich, & Galea, 2008). Research conducted by Galea (2008) has shown that steroidal hormones induce
neuroplastic and morphological changes in the hippocampal region of primiparous rats, thereby causing
robust changes in spatial memory.

Neuromodulatory effects of estrogens are widely studied in the hippocampal region for it is the core of
learning and memory processes (Shibuya et al., 2003). Estradiol helps in the generation of novel dendritic
spines and excitatory synapses (Li et al., 2004; Hao et al 2006), augment CREB phosphorylation (Zhou,
Watters, & Dorsa, 1996), up-regulate NMDA receptor expression (Adams et al., 2004) and long-term
potentiation (Smith, & McMahon, 2006), in the hippocampal region, an increase in the spines of pyramidal
neurons at CAL region of hippocampus in mice (Liu et al., 2008). Apart from these passive effects estrogens
are also found to be involved in rapidly altering the electrophysiological parameters in slices of hippocampal
tissues (Bi et al., 2000; Mukai et al., 2006).

Estrogens impact various neurotransmitter system namely, catecholaminergic, cholinergic, gamma-
aminobutyric  acidergic, serotonergic (McEwen, 2002),and dopaminergic systems (Sherwin,
2003).Morphological investigations have suggested that, during the pro-estrus stage, adult female rats have
shown 50% increase in nascent proliferating cells in the dentate gyrus region when compared to their male
counterparts, thus highlighting the mitogenic potential of estrogens (Tanapat, Hastings, Reeves & Gould,
1999).

Research has implicated that the period of pregnancy and motherhood is characterized by an
augmentation in neuroplasticity (Pawluski & Galea, 2006). However, the ‘Healthy Cell Bias’ theory proposes
that estrogens exert their neuroprotective effects on healthy neurons and aggravating death of cells that are
already undergoing apoptosis (Hogervarst 2013).

4. Cognition
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During the mid-luteal phase of the menstrual cycle, Estrogens and Progesterone positively impact speed
and motor coordination (Hampson & Kimura, 1988), verbal memory, attention and visual memory (Phillips
& Sherwin, 1992), fine motor dexterity and verbal fluency (Maki, Rich & Rosenbaum, 2002). Overall, it can
be said that female sex steroids are crucial in promoting sexually dimorphic cognitive tasks (Sanders, Sjodin
& de Chastelaine, 2002).

The pioneering study of Barbara Sherwin, conducted on women who underwent hysterectomy and
ovariectomy, found that estrogen replacement treatment (ERT) improved their cognitive function. Newer
research shows that ERT, among women of postmenopausal phase, has proven to increase verbal 1Q,
memory, abstract reasoning, and reaction times than placebo trials (Sherwin, 2003) and verbal fluency
(Berent-Spillson et al., 2012). ERT also improves the performance of executive tasks (MacLennan et al.,
2006) with a diminution in perseverative errors (Joffe et al., 2006). Estrogens have been known to have a
positive impact on age and ischemic lesion-compromised cognitive functions (Gulinello et al., 2006;
Sandstrom & Rowan, 2007).

A Multiracial study by Yaffe et al. (2006) demonstrated that low estradiol levels led to a decline in global
cognitive function of women and verbal memory of men and women. However, the results of Women’s
Health Initiative (WHI) and its ancillary studies were not in consensus with that of the aforementioned and
revealed that ERT may actually take a toll on the cognitive capacity of women of or older than 65 years of
age (Shumaker et al., 2004). Nonetheless, endocrinologists critically reason out that 69% of the participants
of the WHI study were heavier, 47.4% were less adherent to treatment and 74% were deprived of estrogen
for a period longer than 10 years and that the study used synthetic drugs such as conjugated equine estrogens
(CEE) and medroxyprogesterone acetate (MPA) instead of natural estradiol and progesterone (Turgeon et al.,
2004).

Rodent studies indicated that Estradiol promoted working memory reference memory and spatial memory
through neuronal plasticity in prefrontal cortex and hippocampus. Similarly, activation of ERp receptors led
to improvement in spatial memory of ovariectomized (OVX) rats while performing in the radial arm maze
and Atlantis water maze (Luine et al, 2008). Earlier studies conducted on OV X rats, it was found that the rats
in their pro-oestrous period displayed superior recognition memory than the ones in the other phases of
oestrous cycle (Walf, Rhodes & Frye, 2006, Frye, Duffy & Walf; 2007), and superior spatial memory during
the pro-oestrous phase as indicated by the water-maze performance (Frick & Berger-Sweeney, 2001). They
are known to enhance memory: short-term memory (Ennaceur & Aggleton, 1994), working memory
(Sandstrom & Williams, 2004; Luine, Jacome & Maclusky, 2003; Scharfman et al., 2007) and higher-order
memory (Mumby et al., 2002) which can highlight the hippocampal involvement.

Estrogen treatment for a period of four hours improves inhibitory avoidance, object recognition and
object placement (Luine, Jacome & Maclusky, 2003; Wal, Rhodes & Frye, 2006; Rhodes & Frye, 2006;
Frye, Duffy & Walf, 2007). ERT in ovariectomized rats has proven to increase working memory capacity
(Daniel, Hulst & Berbling, 2006), positively impact figural memory and negatively affect verbal memory
(Resnik et al., 2006). Research conducted by Dumas et al. (2006) showed that estrogen prevents the
anticholinergic drug-induced impairment in attention and speed.

5. Critical Window Hypothesis

Sherwin (2005) was the first one to note that commencing hormone therapy immediately after undergoing
gonadectomy or natural menopause opens a window to conserve memory and that tardy treatment has little or
no beneficial impact. Erickson et al. (2005) found that ERT for a span of a decade conserves grey matter in
prefrontal cortex which is a better predictor of executive functioning, but ERT provided beyond a decade
quickens the rate of deterioration in the prefrontal cortex, thereby accelerates the decline in executive
functioning. Similarly, Maki et al. (2007) have found that initiation of hormone therapy in older women who
have crossed years postmenopause has caused deterioration in verbal memory. A study by Lord et al. (2006)
showed that ERT increased right hippocampal volumes when compared to non-users and past users and this
increase was found to be inversely related indicating the existence of a critical window period. Whitmer
(2010) has also proven that hormonal therapy started in mid-years, i.e. the time of menopause has protective
effects on cognition when compared to later in life. A Review by Rocca, Grossardt & Shuster (2010)
suggested that the critical window for oophorectomized as well as menopausal women would lie around 51
years of age.

6. Psychiatric Disorders

Decades of scientific research has indicated that ovarian steroids are involved in the etiology of many
psychiatric disorders. The effects can be either direct in the form of genomic expression or indirect in the
form of treatment. The involvement of estrogens in psychopathology is discussed below:
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6.1 Neurodevelopmental disorders: Neuroblastoma cell studies indicated that ovarian steroids,
particularly estrogens were involved in the up-regulation of retinoic acid-related orphan receptor-alpha
(RORA) (Sarachana, Xu Wu, & Hu 2011), a novel candidate gene for autism, whose knock-out in RORA-
deficient staggerer mice causes perseverative behaviour (Lalonde & Strazielle, 2008), limited maze patrolling
(Goodall & Gheusi, 1987), anomalous object exploration (Lalonde, Botez, & Boivin, 1987). Estrogen has the
properties to augment the calcitriol (Vitamin D) levels, both neural and cellular (Epstein and Schneider 2005;
Currenti, 2011) and the deficiency of vitamin D causes cytochrome P450 gene polymorphism and defects in
the CYP27B1 enzyme which is linked with autism. Milder autistic tendencies were also studied by Palomba
et al., (2012) where it was demonstrated that daughters born for mothers suffering from PCOS had low
emotional quotient and high systemizing quotient.

6.2 Neurodegenerative disorders: Early research has found that estrogen prevents the accumulation of
B-amyloid plaques. Experimental studies conducted on rats showed that Progesterone and Estrogens have
independently contributed to reducing the risk of Alzheimer’s disease (Carroll et al., 2007). Rocca (2008)
found that oophorectomies performed on premenopausal women increased the risk of Parkinson’s disease in
women. Estrogen improves aerobic glycolysis in aging brain which might arrest the usage of other forms of
energy like ketone pathways which are proven to be a distinctive feature of Alzheimer’s disease (Diaz &
Brinton, 2008). Janicki and Schupf (2010) have reviewed that endogenous estrogen and SERMs are linked
with improving cognition and reducing the genetic risk of dementia. Estrogens exert their neuroprotective
effects on the dopaminergic system present at the nigrostriatal pathway whose deterioration is implicated in
the etiology of Parkinson’s disease (Quesada & Micevych, 2004).

6.3 Psychotic disorders: Mahé and Dumaine (2001) reviewed that estrogen withdrawal after delivery
increased psychotic symptoms. Kulkarni et al. (2001) found that schizophrenic women receiving estrogen
treatment showed fewer and milder extra-pyramidal side-effects which are common antecedents of anti-
psychotic medication. Hoff et al., (2001) found strong positive correlations between estrogen level and
Neuropsychological variables like global cognitive function, verbal and spatial declarative memory, and
perceptual- motor speed Schizophrenic women. Seeman et al. (2004) showed that delayed menarche in
females was associated with an earlier occurrence of schizophrenia. Researchers have identified hypo-
estrogenism in female patients with schizophrenia (Rubin et al 2010) and estradiol had anti-psychotic
properties on symptoms of schizophrenia (Faturous-Bregmann 2012). Moreover, Selective Estrogen Receptor
Modulators (SERM) has also been advocated in managing schizophrenia (Kulkarni et al.,
2006). Genetic studies by Weickert et al. (2008) indicated that endogen receptor-o. (ESR1) gene variation is
linked to the expression of schizophrenia. clinical and animal studies have shown that estrogens exhibit
neuromodulator properties on the neurotransmitter systems targeted by the contemporary current
antipsychotic drugs (Canuso & Pandina, 2007).

6.4 Anxiety, Depressive and Stress-related Disorders: Experiment by Pandaranandaka, Poonyachoti &
Thongsong (2008) revealed that OV X rats under long-term estrogen treatment and Sham-Pro rats that have
high bioavailable levels of estrogen display anxiolytic behavior. Estrogen receptors ERa and ERp activation
disrupt fear learning in female rats, which can be implicated in the etiology of phobia (Toufexis, Myers &
Davis, 2006). Estrogen fluctuations have been associated with the etiology of bipolar disorders (Meinhard,
Kessing & Vinberg, 2012), depression, anxiety and post-traumatic stress disorder (Peterlin, Katsnelson, &
Calhoun, 2009). Lower levels of bioavailable estrogens are proven to increase the vulnerability for post-
traumatic stress disorder in women mainly in terms of fear-potentiated startle responses, while high estrogen
levels did not (Lebron-Milad, Graham & Milad, 2012).

A recent study reviewing the role of estrogen in stress-related disorders has advocated estrogen treatment
to be “a putative pharmacologic adjunct in extinction-based therapies” (Glover, Jovanovic & Norrholm,
2015). ESR1 gene that is responsible for higher expressions ERa receptors is found to be responsible for the
reduction in the risk for obsessive-compulsive disorder and compulsive symptoms (Alonso, 2010). Rats
treated with 173-estradiol have shown an increase in the serotonin levels in the prefrontal cortex which can
be implicated in neural mechanisms underlying depression (Inagaki, Gautreaux, & Luine, 2010).

7. Conclusion

Despite the limitations of diversity in the discipline and methodology of the reviewed studies, overall,
research has implied the share of female sex steroids in genomic mechanisms, neural-regulation and health,
thereby on cognition as well as the risk and etiology of many psychiatric disorders and in the treatment of
few. Majority of literature supports the positive benefits of Estrogens on mental health. Assigning the status
of an integrated biomarker requires further scientific exploration and would prove to be a value addition to
the field of medicine as contemporary efforts in concerning preventive Psychiatry have been modest.

12 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2347-6532 L Impact Factor: 6.660

References

[1] Adams, M. M., Fink, S. E., Janssen, W. G., Shah, R. A., & Morrison, J. H. (2004). Estrogen modulates synaptic
N-methyl-D-aspartate receptor subunit distribution in the aged hippocampus. Journal of Comparative
Neurology, 474(3), 419-426.

[2] Alonso, P., Gratacos, M., Segalas, C., Escaramis, G., Real, E., Bayes, M., ... & Menchon, J. M. (2011). Variants in
estrogen receptor alpha gene are associated with phenotypical expression of obsessive-compulsive
disorder. Psychoneuroendocrinology, 36(4), 473-483.

[3] Arimatsu, Y., & Hatanaka, H. (1986). Estrogen treatment enhances survival of cultured fetal rat amygdala neurons
in a defined medium. Developmental Brain Research, 26(1), 151-159.

[4] Barha, C. K., Lieblich, S. E., & Galea, L. A. M. (2009). Different forms of oestrogen rapidly upregulate cell
proliferation in the dentate gyrus of adult female rats. Journal of neuroendocrinology, 21(3), 155-166.

[5] Behl, C. (1997). Amyloid B-protein toxicity and oxidative stress in Alzheimer’s disease. Cell and tissue
research, 290(3), 471-480.

[6] Berent-Spillson, A., Persad, C. C., Love, T., Sowers, M., Randolph, J. F., Zubieta, J. K., & Smith, Y. R. (2012).
Hormonal environment affects cognition independent of age during the menopause transition. The Journal of
Clinical Endocrinology & Metabolism, 97(9), E1686-E1694.

[7] Brinton, R. D. (2008). Estrogen regulation of glucose metabolism and mitochondrial function: therapeutic
implications for prevention of Alzheimer's disease. Advanced drug delivery reviews, 60(13), 1504-1511.

[8] Brinton, R. D. (2008). The healthy cell bias of estrogen action: mitochondrial bioenergetics and neurological
implications. Trends in neurosciences, 31(10), 529-537.

[9] Canuso, C. M., & Pandina, G. (2007). Gender and schizophrenia. Psychopharmacol Bull, 40(4), 178-190.

[10] Carroll, J. C., Rosario, E. R., Chang, L., Stanczyk, F. Z., Oddo, S., LaFerla, F. M., & Pike, C. J. (2007).
Progesterone and estrogen regulate Alzheimer-like neuropathology in female 3xTg-AD mice. Journal of
Neuroscience, 27(48), 13357-13365.

[11] Currenti, S. A. (2010). Understanding and determining the etiology of autism. Cellular and molecular
neurobiology, 30(2), 161-171

[12] Daniel, J. M., Hulst, J. L., & Berbling, J. L. (2006). Estradiol replacement enhances working memory in middle-
aged rats when initiated immediately after ovariectomy but not after a long-term period of ovarian hormone
deprivation. Endocrinology, 147(1), 607-614.

[13] Deutsch, E. R., Espinoza, T. R., Atif, F., Woodall, E., Kaylor, J., & Wright, D. W. (2013). Progesterone's role in
neuroprotection, a review of the evidence. Brain research, 1530, 82-105.

[14] Dumas, J., Hancur-Bucci, C., Naylor, M., Sites, C., & Newhouse, P. (2006). Estrogen treatment effects on
anticholinergic-induced cognitive dysfunction in normal postmenopausal
women. Neuropsychopharmacology, 31(9), 2065-2078.

[15] Ennaceur, A., Neave, N., & Aggleton, J. P. (1997). Spontaneous object recognition and object location memory in
rats: the effects of lesions in the cingulate cortices, the medial prefrontal cortex, the cingulum bundle and the
fornix. Experimental brain research, 113(3), 509-519.

[16] Erickson, K. I., Colcombe, S. J., Raz, N., Korol, D. L., Scalf, P., Webb, A., ... & Kramer, A. F. (2005). Selective
sparing of brain tissue in postmenopausal women receiving hormone replacement therapy. Neurobiology of
aging, 26(8), 1205-1213.

[17] Espinoza, T. R., & Wright, D. W. (2011). The role of progesterone in traumatic brain injury. The Journal of head
trauma rehabilitation, 26(6), 497-499.

[18] Fatouros-Bergman, H., Cervenka, S., Flyckt, L., Edman, G., & Farde, L. (2014). Meta-analysis of cognitive
performance in drug-naive patients with schizophrenia. Schizophrenia research, 158(1), 156-162.

[19] Frick, K. M., & Berger-Sweeney, J. (2001). Spatial reference memory and neocortical neurochemistry vary with the
estrous cycle in C57BL/6 mice. Behavioral neuroscience, 115(1), 229.

[20] Frye, C. A., Duffy, C. K., & Walf, A. A. (2007). Estrogens and progestins enhance spatial learning of intact and
ovariectomized rats in the object placement task. Neurobiology of learning and memory, 88(2), 208-216.

[21] Galea, L. A. (2008). Gonadal hormone modulation of neurogenesis in the dentate gyrus of adult male and female
rodents. Brain Research Reviews, 57(2), 332-341.

[22] Garcia-Segura, L. M., Cardona-Gomez, P., Naftolin, F., & Chowen, J. A. (1998). Estradiol upregulates Bcl-2
expression in adult brain neurons. Neuroreport, 9(4), 593-597.

[23] Giasson, B. I, Duda, J. E., Murray, I. V., Chen, Q., Souza, J. M., Hurtig, H. I., ... & Lee, V. M. Y. (2000). Oxidative
damage linked to neurodegeneration by selective a-synuclein nitration in synucleinopathy
lesions. Science, 290(5493), 985-989.

[24] Glover, E. M., Jovanovic, T., & Norrholm, S. D. (2015). Estrogen and extinction of fear memories: implications for
posttraumatic stress disorder treatment. Biological psychiatry, 78(3), 178-185.

[25] Goodall, G., & Gheusi, G. (1987). Abnormal patterns of maze patrolling in the mutant mouse staggerer. Behavioral
and neural biology, 47(3), 307-320.

[26] Goodman, Y., Bruce, A. J., Cheng, B., & Mattson, M. P. (1996). Estrogens Attenuate and Corticosterone
Exacerbates Excitotoxicity, Oxidative Injury, and Amyloid B-Peptide Toxicity in Hippocampal Neurons. Journal of
neurochemistry, 66(5), 1836-1844.

[27] Green, P. S., Gridley, K. E., & Simpkins, J. W. (1996). Estradiol protects against $-amyloid (25-35)-induced
toxicity in SK-N-SH human neuroblastoma cells. Neuroscience letters, 218(3), 165-168.

13 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2347-6532 L Impact Factor: 6.660

[28] Gulinello, M., Lebesgue, D., Jover-Mengual, T., Zukin, R. S., & Etgen, A. M. (2006). Acute and chronic estradiol
treatments reduce memory deficits induced by transient global ischemia in female rats. Hormones and
behavior, 49(2), 246-260.

[29] Hampson, E., & Kimura, D. (1988). Reciprocal effects of hormonal fluctuations on human motor and perceptual -
spatial skills. Behavioral neuroscience, 102(3), 456.

[30] Hao, J., Rapp, P. R., Leffler, A. E., Leffler, S. R., Janssen, W. G., Lou, W., ... & Morrison, J. H. (2006). Estrogen
alters spine number and morphology in prefrontal cortex of aged female rhesus monkeys. Journal of
Neuroscience, 26(9), 2571-2578.

[31] Herrick, S. P., Waters, E. M., Drake, C. T., McEwen, B. S., & Milner, T. A. (2006). Extranuclear estrogen receptor
beta immunoreactivity is on doublecortin-containing cells in the adult and neonatal rat dentate gyrus. Brain
research, 1121(1), 46-58.

[32] Hoff, A. L., Kremen, W. S., Wieneke, M. H., Lauriello, J., Blankfeld, H. M., Faustman, W. O., ... & Nordahl, T. E.
(2001). Association of estrogen levels with neuropsychological performance in women with
schizophrenia. American Journal of Psychiatry, 158(7), 1134-1139.

[33] Hogervorst, E. (2013). Estrogen and the brain: does estrogen treatment improve cognitive function?. Menopause
international, 19(1), 6-19.

[34] Inagaki, T., Gautreaux, C., & Luine, V. (2010). Acute estrogen treatment facilitates recognition memory
consolidation and alters monoamine levels in memory-related brain areas. Hormones and behavior, 58(3), 415-426.

[35] Janicki, S. C., & Schupf, N. (2010). Hormonal influences on cognition and risk for Alzheimer’s disease. Current
neurology and neuroscience reports, 10(5), 359-366.

[36] Joffe, H., Hall, J. E., Gruber, S., Sarmiento, I. A., Cohen, L. S., Yurgelun-Todd, D., & Martin, K. A. (2006).
Estrogen therapy selectively enhances prefrontal cognitive processes: a randomized, double-blind, placebo-
controlled study with functional magnetic resonance imaging in perimenopausal and recently postmenopausal
women. Menopause, 13(3), 411-422.

[37] Koike, S., Sakai, M., & Muramatsu, M. (1987). Molecular cloning and charcterization of rat estrogen receptor
cDNA. Nucleic acids research, 15(6), 2499-2513.

[38] Kuiper, G. G., Enmark, E., Pelto-Huikko, M., Nilsson, S., & Gustafsson, J. A. (1996). Cloning of a novel receptor
expressed in rat prostate and ovary. Proceedings of the National Academy of Sciences, 93(12), 5925-5930.

[39] Kulkarni, J., de Castella, A., Headey, B., Marston, N., Sinclair, K., Lee, S., ... & Burger, H. (2011). Estrogens and
men with schizophrenia: is there a case for adjunctive therapy?. Schizophrenia research, 125(2), 278-283.

[40] Kulkarni, J., Riedel, A., De Castella, A. R., Fitzgerald, P. B., Rolfe, T. J., Taffe, J., & Burger, H. (2001). Estrogen—
a potential treatment for schizophrenia. Schizophrenia research, 48(1), 137-144.

[41] Lalonde, R., & Strazielle, C. (2008). Discrimination learning in Rora sg and Grid2ho mutant mice. Neurobiology of
learning and memory, 90(2), 472-474.

[42] Lebron-Milad, K., Graham, B. M., & Milad, M. R. (2012). Low estradiol levels: a vulnerability factor for the
development of posttraumatic stress disorder. Biological psychiatry, 72(1), 6-7.

[43] Li, C., Brake, W. G., Romeo, R. D., Dunlop, J. C., Gordon, M., Buzescu, R., ... & McEwen, B. S. (2004). Estrogen
alters hippocampal dendritic spine shape and enhances synaptic protein immunoreactivity and spatial memory in
female mice. Proceedings of the National Academy of Sciences, 101(7), 2185-2190.

[44] Li, Z., Wang, B., Kan, Z., Zhang, B., Yang, Z., Chen, J., ... & Jiang, R. (2012). Progesterone increases circulating
endothelial progenitor cells and induces neural regeneration after traumatic brain injury in aged rats. Journal of
neurotrauma, 29(2), 343-353.

[45] Lord, C., Buss, C., Lupien, S. J., & Pruessner, J. C. (2008). Hippocampal volumes are larger in postmenopausal
women using estrogen therapy compared to past users, never users and men: a possible window of opportunity
effect. Neurobiology of aging, 29(1), 95-101.

[46] Luine, V. N., Jacome, L. F., & MacLusky, N. J. (2003). Rapid enhancement of visual and place memory by
estrogens in rats. Endocrinology, 144(7), 2836-2844.

[47] MacLennan, A. H., Henderson, V. W., Paine, B. J., Mathias, J., Ramsay, E. N., Ryan, P., ... & Taylor, A. W. (2006).
Hormone therapy, timing of initiation, and cognition in women aged older than 60 years: the REMEMBER pilot
study. Menopause, 13(1), 28-36.

[48] Mahe, V., & Dumaine, A. (2001). Oestrogen withdrawal associated psychoses. Acta Psychiatrica
Scandinavica, 104(5), 323-331.

[49] Maki, P. M., Gast, M. J., Vieweg, A. J., Burriss, S. W., & Yaffe, K. (2007). Hormone therapy in menopausal women
with cognitive complaints A randomized, double-blind trial. Neurology, 69(13), 1322-1330.

[50] Maki, P. M., Rich, J. B., & Rosenbaum, R. S. (2002). Implicit memory varies across the menstrual cycle: estrogen
effects in young women. Neuropsychologia, 40(5), 518-529.

[51] Markou, A., Duka, T., & Prelevic, G. M. (2005). Estrogens and brain function. Hormones, 4(1), 9-17.

[52] McEwen, B. (2002). Estrogen actions throughout the brain. Recent progress in hormone research, 57, 357-384.

[53] Meinhard, N., Kessing, L. V., & Vinberg, M. (2014). The role of estrogen in bipolar disorder, a review. Nordic
journal of psychiatry, 68(2), 81-87.

[54] Mukai, H., Takata, N., Tanabe, N., Hojo, Y., Furukawa, A., Kimoto, T., & Kawato, S. (2006). Hippocampal
synthesis of estrogens and androgens which are paracrine modulators of synaptic plasticity:
synaptocrinology. Neuroscience, 138(3), 757-764.

[55] Mumby, D. G., Gaskin, S., Glenn, M. J., Schramek, T. E., & Lehmann, H. (2002). Hippocampal damage and
exploratory preferences in rats: memory for objects, places, and contexts. Learning & Memory, 9(2), 49-57.

14 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2347-6532 L Impact Factor: 6.660

[56] Palomba, S., Marotta, R., Di Cello, A., Russo, T., Falbo, A., Orio, F., ... & Sala, G. B. L. (2012). Pervasive
developmental disorders in children of hyperandrogenic women with polycystic ovary syndrome: a longitudinal
case—control study. Clinical endocrinology, 77(6), 898-904.

[57] Pawluski, J. L., & Galea, L. A. (2006). Hippocampal morphology is differentially affected by reproductive
experience in the mother. Journal of neurobiology, 66(1), 71-81.

[58] Peterlin, B. L., Katsnelson, M. J., & Calhoun, A. H. (2009). The associations between migraine, unipolar psychiatric
comorbidities, and stress-related disorders and the role of estrogen. Current pain and headache reports, 13(5), 404-
412.

[59] Phillips, S. M., & Sherwin, B. B. (1992). Effects of estrogen on memory function in surgically menopausal
women. Psychoneuroendocrinology, 17(5), 485-495.

[60] Quesada, A., & Micevych, P. E. (2004). Estrogen interacts with the IGF-1 system to protect nigrostriatal dopamine
and maintain motoric behavior after 6-hydroxdopamine lesions. Journal of neuroscience research, 75(1), 107-116.

[61] Resnick, S. M., Maki, P. M., Rapp, S. R., Espeland, M. A., Brunner, R., Coker, L. H., ... & Shumaker, S. A. (2006).
Effects of combination estrogen plus progestin hormone treatment on cognition and affect. The Journal of Clinical
Endocrinology & Metabolism, 91(5), 1802-1810.

[62] Rocca, W. A., Bower, J. H., Maraganore, D. M., Ahlskog, J. E., Grossardt, B. R., De Andrade, M., & Melton, L. J.
(2008). Increased risk of parkinsonism in women who underwent oophorectomy before
menopause. Neurology, 70(3), 200-209.

[63] Rocca, W. A., Grossardt, B. R., & Shuster, L. T. (2010). Oophorectomy, menopause, estrogen, and cognitive aging:
the timing hypothesis. Neurodegenerative Diseases, 7(1-3), 163-166.

[64] Rubin, L. H., Carter, C. S., Drogos, L., Pournajafi-Nazarloo, H., Sweeney, J. A., & Maki, P. M. (2010). Peripheral
oxytocin is associated with reduced symptom severity in schizophrenia. Schizophrenia research, 124(1), 13-21.

[65] Sanders, G., Sjodin, M., & de Chastelaine, M. (2002). On the elusive nature of sex differences in cognition:
hormonal influences contributing to within-sex variation. Archives of sexual behavior, 31(1), 145-152.

[66] Sandstrom, N. J., & Rowan, M. H. (2007). Acute pretreatment with estradiol protects against CA1 cell loss and
spatial learning impairments resulting from transient global ischemia. Hormones and behavior, 51(3), 335-345.

[67] Sandstrom, N. J., & Williams, C. L. (2004). Spatial memory retention is enhanced by acute and continuous estradiol
replacement. Hormones and behavior, 45(2), 128-135.

[68] Sarachana, T., Xu, M., Wu, R. C., & Hu, V. W. (2011). Sex hormones in autism: androgens and estrogens
differentially and reciprocally regulate RORA, a novel candidate gene for autism. PloS one, 6(2), e17116.

[69] Scharfman, H. E., Hintz, T. M., Gomez, J., Stormes, K. A., Barouk, S., Malthankar-Phatak, G. H., ... & MacLusky,
N. J. (2007). Changes in hippocampal function of ovariectomized rats after sequential low doses of estradiol to
simulate the preovulatory estrogen surge. European Journal of Neuroscience, 26(9), 2595-2612.

[70] Schumacher, M., Hussain, R., Gago, N., Oudinet, J. P., Mattern, C., & Ghoumari, A. M. (2012). Progesterone
synthesis in the nervous system: implications for myelination and myelin repair. Frontiers in neuroscience, 6.

[71] Seeman, T. E., Merkin, S. S., Crimmins, E. M., & Karlamangla, A. S. (2010). Disability trends among older
Americans: national health and nutrition examination surveys, 1988-1994 and 1999-2004. American journal of
public health, 100(1), 100-107.

[72] Sherwin, B. B. (2003). Estrogen and cognitive functioning in women. Endocrine reviews, 24(2), 133-151.

[73] Sherwin, B. B. (2005). Estrogen and memory in women: how can we reconcile the findings?. Hormones and
behavior, 47(3), 371-375.

[74] Shibuya, K., Takata, N., Hojo, Y., Furukawa, A., Yasumatsu, N., Kimoto, T., ... & Mukai, H. (2003). Hippocampal
cytochrome P450s synthesize brain neurosteroids which are paracrine neuromodulators of synaptic signal
transduction. Biochimica et Biophysica Acta (BBA)-General Subjects, 1619(3), 301-316.

[75] Shughrue, P. J., & Merchenthaler, I. (2000). Estrogen is more than just a “sex hormone”: novel sites for estrogen
action in the hippocampus and cerebral cortex.

[76] Shughrue, P. J., Lane, M. V., & Merchenthaler, I. (1997). Comparative distribution of estrogen receptor-a. and-3
mRNA in the rat central nervous system. Journal of Comparative Neurology, 388(4), 507-525.

[77] Shumaker, S. A., Legault, C., Kuller, L., Rapp, S. R., Thal, L., Lane, D. S., ... & Masaki, K. (2004). Conjugated
equine estrogens and incidence of probable dementia and mild cognitive impairment in postmenopausal women:
Women's Health Initiative Memory Study. Jama, 291(24), 2947-2958.

[78] Simpkins, J. W., Yi, K. D., Yang, S. H., & Dykens, J. A. (2010). Mitochondrial mechanisms of estrogen
neuroprotection. Biochimica et Biophysica Acta (BBA)-General Subjects, 1800(10), 1113-1120.

[79] Singer, C. A., Rogers, K. L., Strickland, T. M., & Dorsa, D. M. (1996). Estrogen protects primary cortical neurons
from glutamate toxicity. Neuroscience letters, 212(1), 13-16.

[80] Smith, C. C., & McMahon, L. L. (2006). Estradiol-induced increase in the magnitude of long-term potentiation is
prevented by blocking NR2B-containing receptors. Journal of Neuroscience, 26(33), 8517-8522.

[81] Stein, D. G., Wright, D. W., & Kellermann, A. L. (2008). Does progesterone have neuroprotective
properties?. Annals of emergency medicine, 51(2), 164-172.

[82] Strimbu, K., & Tavel, J. A. (2010). What are biomarkers?. Current Opinion in HIV and AIDS, 5(6), 463.

[83] Suzuki, S., Brown, C. M., Cruz, C. D. D., Yang, E., Bridwell, D. A., & Wise, P. M. (2007). Timing of estrogen
therapy after ovariectomy dictates the efficacy of its neuroprotective and antiinflammatory actions. Proceedings of
the National Academy of Sciences, 104(14), 6013-6018.

[84] Tanapat, P., Hastings, N. B., Reeves, A. J., & Gould, E. (1999). Estrogen stimulates a transient increase in the
number of new neurons in the dentate gyrus of the adult female rat. Journal of Neuroscience, 19(14), 5792-5801.

[85] Toufexis, D. J., Myers, K. M., & Davis, M. (2006). The effect of gonadal hormones and gender on anxiety and
emotional learning. Hormones and behavior, 50(4), 539-549.

15 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com




ISSN: 2347-6532 L Impact Factor: 6.660

[86] Turgeon, J. L., McDonnell, D. P., Martin, K. A., & Wise, P. M. (2004). Hormone therapy: physiological complexity
belies therapeutic simplicity. Science, 304(5675), 1269-1273.

[87] Walf, A. A., Rhodes, M. E., & Frye, C. A. (2006). Ovarian steroids enhance object recognition in naturally cycling
and ovariectomized, hormone-primed rats. Neurobiology of learning and memory, 86(1), 35-46.

[88] Weickert, C. S., Miranda-Angulo, A. L., Wong, J., Perlman, W. R., Ward, S. E., Radhakrishna, V., ... & Kleinman,
J. E. (2008). Variants in the estrogen receptor alpha gene and its mMRNA contribute to risk for schizophrenia. Human
molecular genetics, 17(15), 2293-23009.

[89] Weiland, N. G., Orikasa, C., Hayashi, S., & McEwen, B. S. (1997). Distribution and hormone regulation of estrogen
receptor immunoreactive cells in the hippocampus of male and female rats. Journal of Comparative
Neurology, 388(4), 603-612.

[90] Whitmer, R. A., Quesenberry, C. P., Zhou, J., & Yaffe, K. (2011). Timing of hormone therapy and dementia: the
critical window theory revisited. Annals of neurology, 69(1), 163-169.

[91] Yaffe, K., Vittinghoff, E., Ensrud, K. E., Johnson, K. C., Diem, S., Hanes, V., & Grady, D. (2006). Effects of Ultra—
Low-Dose Transdermal Estradiol on Cognition and Health-Related Quality of Life. Archives of Neurology, 63(7),
945-950.

[92] Zhou, Y., Watters, J. J., & Dorsa, D. M. (1996). Estrogen rapidly induces the phosphorylation of the cCAMP response
element binding protein in rat brain. Endocrinology, 137(5), 2163-216

16 International Journal of Engineering and Scientic Research
http://www.ijmra.us, Email: editorijmie@gmail.com




