Schizophrenia and sex hormones:  What do we know?
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General principles

During the course you became familiar with the organizational and activational effects of sex hormones on the brain. These include the irreversible, organizational actions of testosterone, secreted by the developing male testes (in the perinatal period in rats and, probably around mid-gestation in humans), which imprints a male brain, observable as structural and functional sex differences throughout life. This contrasts with the activational effects of sex hormones which are reversible (i.e. they disappear on gonadectomy and re-appear with hormone replacement) Hence, male characteristics can be seen in females treated with androgens, and female characteristics in estradiol-treated males. Similar mechanisms are probably involved in the interaction between sex hormones and psychosis.

Schizophrenia and gender

Sex differences have been described in the age-at-onset and severity of several psychiatric illnesses, including schizophrenia1. As we will see in the module, the onset of schizophrenia occurs earlier, and symptoms and course are generally more severe in men compared to women. Genetic and hormonal mechanisms are probably implicated. The pathogenesis of schizophrenia is still under intense research, but there is evidence that implicates neuro-developmental and neuro-physiological mechanisms, which also provide a model for the above actions.

Activational mechanisms
General CNS effects of sex steroids have been known for some time. The direct, activational effects of steroid hormones induce reversible actions that may exist in both sexes to a different extent2 and are believed to modify human emotion and cognition and may hence result also in variations in psychopathology. These effects are well known in clinical settings, for example changes in libido, the premenstrual dysphoric syndrome, perimenopausal dysphoria, postpartum depression and psychosis, affective disorders by hormonal treatments and anabolic steroid-induced aggression3. However, the mechanisms by which this effect may be mediated are unclear.
The measurement of levels of estradiol in the circulation of normal and schizophrenic women suggests that estrogen could be a protective factor against psychotic episodes4. Similarly, schizophrenia symptoms in women worsen at times of low circulating estrogen levels (e.g. postpartum) and improve at times of high estrogen levels (e.g. during pregnancy)2,5. It has therefore been suggested that estrogen might play an inhibitory or protective role in schizophrenia through its action to the brain6,7. On the contrary, circulating testosterone, may represent risk factors in men4,8.
Evidence shows that estrogen and testosterone may be of importance in schizophrenia via modulatory effects on neurotransmitter systems, including dopaminergic, serotonergic, noradrenergic, GABAergic and glutamatergic systems 9,10,11. A strong contender is brain serotonin activity, the effects ranging from modulating animal behaviour to altering receptor levels12,13. We now have a number of animal models of brain function in schizophrenia, for example ‘prepulse inhibition’ (PPI), sensorimotor gating deficiencies reproduced using a 5-HT1A agonist in rodent models. PPI can be measured in rodents as well as in humans and its pharmacology has shown validity as a model of gating deficiencies in schizophrenia14. In support of this theory, male mice which lack the aromatase enzyme, and hence estrogen synthesis, develop a disruption in baseline PPI characteristics around 12 months of age, whereas females do not15. A similar effect is induced by ovariectomy of female rats. Treatment with estrogen conversely inhibits the disruption of PPI. In male rats, castration significantly reduces the effect of 8-OH-DPAT, while testosterone treatment reversed this effect15. Thus, estrogen appears to be protective against disruption of PPI in rats, at least by 5-HT1A receptor stimulation, while testosterone was facilitatory. In women, disruption of PPI by treatment with the 5-HT1A receptor partial agonist buspirone, could be prevented by concurrent treatment with estrogen, evidence that supports that the above may happen in humans too16. 
Male mice with no estrogen synthesis, also show apoptosis in hypothalamic dopaminergic neurons, along with an up-regulation of pro-apoptotic genes and a down-regulation of anti-apoptotic genes17, indicating sex-specific brain developmental or neurodegenerative processes which are believed to have central role in the pathology of psychosis.
Apart from the level of circulating hormones, variants in the estrogen receptor alpha gene and its mRNA may also contribute to risk for schizophrenia. Thus, the variation in the ESR1 gene is associated with schizophrenia and the mechanism of this association may involve alternative gene regulation and transcript processing. This means that is not the circulating hormones, but the brain response to them that may be dysrupted in schizophrenia due to inheritance of mutated forms of the gene. Similarly, androgen receptor gene mutations, may confer vulnerability in men18,19
Organizational mechanisms
The majority of the literature above seems to consider activational effects of sex hormones as the principal mechanism of their action, but doesn’t consider that the same hormones may be acting on different neural substrates in males and females, due to organizational effects early in the development of the brain.
Organizational influences, whether genetic or hormonal, are also implicated in the gender-specific pattern of onset and natural course of schizophrenia. It is established that perinatal organisational effects of estrogen and testosterone in the brain are involved in sexual differentiation20. The sex difference in age of onset of psychotic illness in humans may relate to a similar sexual dimorphism in cerebral organization, e.g the male brain being more ‘lateralised’ than the female brain. In humans, sex dimorphisms in midbrain dopaminergic circuitry in addition to sex-specific disruptions by stress hormones within the developing dopaminergic neuron populations of the ventral tegmental area (VTA) have also been discovered21. The VTA gives rise to the meso-cortical and meso-limbic pathways which are known to malfunction in schizophrenia. This is an important discovery as it offers a direct mechanism that may underpin the particular vulnerability of midbrain dopaminergic systems to developmental stress which is associated with the later emergence of conditions such as schizophrenia, ADHD, Parkinson’s disease and drug abuse, all of which are more prevalent in males and involve disruptions of the same dopaminergic systems. 
There are a number of theories that try to explain the root of this diversification between genders and the constant prevalence of psychosis. According to evolution theory some features that differentiate the two sexes evolved by a processsexual selection through "male competition" and "female choice". Sex differences are consistent with a role for sexual selection in the evolution of the human brain. which seem to be cross-culturally stable, males and females use different criteria when selecting personality characteristics in a mate may generate sex-diversity in the brain organisation and this could as side-effect also maintain the high and relatively constant rates of psychosis in human populations8. 
What about therapeutic use of hormones?

As we saw, both clinical and animal research has revealed organizational and activational effects of sex hormones important for the regulation of emotions, cognition and behaviour and the development of associated psychopathology. Some of the speculated mechanisms involve early effects of these hormones on brain development function and morphology which cannot readily be changed. There is though evidence that sex hormones can also modulate neurotransmission in the developed brain. Sex steroids readily pass the blood-brain barrier, making their use in therapeutic applications an appealing prospect. Unfortunately evidence is quite conflicting and research failed to show that treatment with estrogen with or without progesterone offers convincing advantages over placebo3,22.
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