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Background

Estrogens, the primary ovarian hormones and are accountable for the proliferation of cells and tissues linked to reproduction [1]. Along with the functions on female reproductive system, estrogens also play a pivotal role in the maintenance of physiological and pathological states including central nervous system physiology [2,3]. Due to this wide regulatory control, it is accepted that estrogens have chief functions not only in female but also in male physiology [4]. Although the physiological importance of estrogen and its mechanisms of actions has significantly enlightened, however, we are only beginning to decipher the roles of estrogen receptors (a and p) in different organs and to elucidate how subtype selective ligands acting through these receptors, can prevent or treat various diseases. Thus distinctive role of ER-a and p in various brain disease anomalies has been reviewed here in.

Alzheimer's Disease (AD)

Estrogen deficiency has been considered as a major risk factor in AD as widespread epidemiological studies suggests that hormone replacement therapy can defend against the start and progression of the AD. Estrogen can encourage the development of nerve processes [5] and make improvements in synaptic plasticity [6]. ERs are expressed in forebrain cholinergic neurons, which are familiarly involved in learning and memory [7,8] and estrogen treatment enhances cholinergic functions in ovariectomized animals [9]. Other putative advantageous actions include escalation of cerebral blood flow [10], enhancement of glucose transport into the brain and reductions of p-amyloid development [11].

Some reports in the literature indicate that both ERa and ERp agonists show protective effect against AD. PPT (selective ER-a ligand) and DPN (selective ER-p agonist) showed protective effect against amyloid-induced toxicity in cultured neurons [12,13]. Similar results were also observed when both PPT and DPN showed similar types of results when were administered in female 3xTg-AD mouse model. However, other studies suggest that ER-a, but not ER-p, levels associated with AD [14,15]. Another study reports administration of PPT enhanced the capacity of estradiol against deposition of amyloid- p in brain regions (amygdale and hippocampus), however, DPN treatment did not show any effect on amyloid-p accumulation [16]. Selective ER-p agonist (genistein) improves learning and memory in AD rats via its antioxidant effect [17]. These findings clearly postulate that subtype selective estrogen receptors play a significant role in modulators against AD.

Parkinson's Disease (PD)

Epidemiologic and clinical evidences suggest that female sex hormone may influence the onset and severity of PD symptoms. Increased prevalence rate of PD in men compared to premenopausal women (3:2 ratio) suggests that gonadal hormones mainly estrogen, plays protective role in PD pathologies [18]. Various animal studies show that estrogen deficiency in ovariectomized rats influences the synthesis, release, and metabolism of dopamine (DA) and can deactivate dopamine receptor expression and function, which is reciprocated after estrogen treatment [19]. Secondly, estrogen may also exert neuroprotective effects on DA neurons by regulating expression of neurotrophic factors. Co-expression of ERs and neurotrophin receptors in the same brain regions and existence of estrogen response elements in the genes for nerve growth factor (NGF), BDNF and neurotrophin-3 suggest that estrogen can regulate neuronal survival [20]. As far as clinical data is concerned, preliminary studies suggest that estrogen may have beneficial effects on cognition in postmenopausal PD patients and may delay or prevent onset of dementia [21].

Various animal models of PD have been used to study the role of estrogens, SERMs, and ER subtype selective agonists in the development of PD [22]. ER-a knockout mice were more susceptible to 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine- induced damage of dopamine neurons than were wild-type or ER-p knockout mice. In wild-type mice, only the ER-a selective agonist (PPT) was reported to induce complete protection against MPTP-mediated loss of striatal dopamine neurons and dopamine transporter, whereas the ER-p selective agonist DPN unsuccessful to do so [1,22,23]. These studies designate that estradiol mediated protection of PD is through ER-a.

Anxiety and Depression

Women are more prone to get depression as compared to men and such risk is particularly associated with reproductive cycle events [24]. Various studies have verified that the transition to menopause is connected with increasing risk for new onset and persistent depression [25]. Although the mechanisms by which changes in ovarian hormones secretion lead to development of depression are not clear, however estrogen withdrawal theory suggests that reduction in gonadal hormone during transition of menopause exacerbates depressive mood and anxiety. ERs are situated in brain areas regulating the mood and behavior through serotonergic and noradrenergic neurotransmission. Estrogen insufficiency selectively reduces serotonin receptor density in hypothalamus and the preoptic area of CNS in ovariectomized rats which can be reversed by treatment with estrogen [26]. Furthermore, estrogen also enhances the levels of neutrophic factor such as brain derived neurotrophic factor (BDNF). Estrogen and ER agonists are reported to modulate the monoamine neurotransmitter systems by controlling monoamine synthesis and secretion [27]. DPN increased the tryptophan hydroxylase 2 expression of dorsal raphe of rats, however, WAY-200070 (selective ER-p agonist) increased concentrations of serotonin and dopamine extracellularly [28].

Estrogen alterations during menopause cause anxiety in rodents, which can be modulated by estrogen administration. Female ER-p knockout mice shows poorer serotonin levels and decreased dopamine content in several brain regions of anxiety as compared to wild-type mice. ER-p deletion results decreased stimulation of synaptic plasticity by estrogen and enhancement of 5- hydroxytryptamine 1A receptor expression in the amygdala. Moreover, estradiol did not show any antidepressant effect in ER-p deficient ovariectomized mice comparative to wild-type mice. Selective ER-p agonists produced anxiolytic and antidepressant effects in wildtype mouse models of anxiety and depression, however selective ER-a agonist did not show any effect. Same study also reported that, DPN decreased anxiety in both sexes, however PPT elicited anxiogenic behavior in rats [29].

Stroke

Stroke is the abrupt loss of brain function ascribed to ischemia which indicates a disturbance in the blood supply to the brain. Risk of stroke is lesser in premenopausal women as compared to men of the same age, but the occurrence of cerebrovascular events hastily results rise in postmenopausal women [30] . Reason behind this seems to be pasting of the protective effects of estrogen. Various mechanistic evidences of protective effect of estradiol in ischaemia include reduction of inflammation of brain [31] and dysfunction of blood-brain barrier [32]; raising blood flow of the cerebrum [33], the ability of neurons to transmit signals and cognitive function; downgrading of excitotoxic ischaemic damage, oxidative stress and activation of various growth factors and signaling pathways, to preserve neuronal survival after injury or even to promote neurogenesis in the adult brain [34]. Studies involving mice with deleted ER-a and p indicate that ER-a mediates estrogen protection of cortical neurons in animal model of focal ischemia [35]. However, ER-p is implicated in the neuroprotective actions of estradiol in mice subjected to global ischemia and agonists selective for both ER a and p can partially protect gerbil CA1 neurons from global ischemia-induced cell death [36].

Schizophrenia

Severity of symptoms of schizophrenia is greater in males as compared to premenopausal females [37-39]. Women have been shown to differ in symptom severity depending on the phase of the menstrual cycle [40]. Higher rates of relapse in women with schizophrenia are also observed during the postpartum period (low estrogens), whereas relapse is low during pregnancy (high estrogens) [41]. During menopause, women are at risk of developing a new schizophrenic illness [42]. Additionally, premenopausal women appear to have a superior response to typical antipsychotics compared to men and postmenopausal women. Estrogen plays a protective role in women with schizophrenia [43]. Estrogen treatment may reduce negative symptoms in schizophrenic women [44,45]. Estradiol may exert neuroprotection by several mechanisms that may even vary among different brain regions [46].

Traumatic Brain Injury

Traumatic brain injury (TBI), is an injury in the brain, causes serious disability and even death. Various studies have reported a significant gender difference in the occurrence and pathophysiology of TBI. Epidemiological evidences have shown that clinical prognosis after TBI is better in female than in male patients [47]. Estradiol has been found to be beneficial in different models of brain injury in animal models [47]. Estrogen provides powerful protection against formation of brain edema and prevents damage to the blood brain barrier, especially by reducing inflammatory responses such as suppression of the production of several proinflammatory mediators including protein expression and the levels of IL-ip, IL-6, and TNF-a. Estrogen reduces damage to the blood brain barrier by inhibiting the expression of MMP-9 and cyclooxygenase and increases cerebral blood flow by maintaining brain perfusion, reducing oxidative stress, and inhibiting the activation of microglia. The useful effects of steroids are not only limited to the nerve cells but also expand to the endothelial cells. Protective effects of estrogen on endothelial cells may enable them to protect the BBB against TBI [47]. Studies have shown that neuroprotective effect of estradiol might be mediated by both ER-a and p on blood brain barrier permeability, anti-inflammatory activity, the production of interleukin, and regulation of neutrophil recruitment in to the brain [48].

Conclusion

Accumulating literature shows that female sex hormone 17p-estradiol is not only a reproductive hormone that is important only in women but it is also of immense importance for development and health in men. Although there is strong evidence from both human and animal studies that estrogen is protective in various brain diseases however, its adverse effect in classic target tissues such as uterus (17p-estradiol behaves as a full agonist on both estrogen receptor (ER) isoforms) is a matter of debate. ER subtype selective ligands are valuable tools for deciphering the specific roles of ER (a and p) in physiology and diseases. These compounds have a strong potential for development as therapeutics as these initiate estrogen signaling in brain but lack the mitogenic effects in other tissues such as ovaries and breast. Moreover, the existing and newer ER- subtype selective agonists will continue to be very valuable tool for deciphering the specific roles of ER-a and p in health and diseases.
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