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"Mind Over Molecules: Unravelling the Influence of  

Oestrogen on Neurotransmitters and Mood Regulation" 

By Alan Cross 

 

Abstract 

Oestrogen is renowned not only for its pivotal role in reproductive functions but also for its 

profound influence on the central nervous system. This review elucidates the multifaceted 

interaction between oestrogen and various neurotransmitters, such as serotonin, dopamine, 

GABA, and glutamate, which underpin its potential in modulating mood and cognitive functions. 

We explore Eostrogen’s direct and indirect mechanisms of action on neurotransmitter systems, 

including receptor modulation, gene expression regulation, and synaptic plasticity 

enhancement. The clinical relevance of Eostrogen’s neuroprotective and neuromodulator roles 

is discussed in the context of treating mood disorders, perimenopausal symptoms, and 

cognitive decline. This paper integrates findings from recent studies and classical research to 

provide a comprehensive understanding of oestrogen’s neural effects and therapeutic potential 

beyond traditional gynaecological and reproductive health applications. 

 

Oestrogen and Neurotransmitter Interplay 

 

1. Serotonin:  

Oestrogen modulates serotonin receptors and the transport of serotonin, influencing 

mood, anxiety levels, and overall well-being. It enhances the production of serotonin, 

which can explain the mood fluctuations associated with changes in oestrogen levels, 

such as those experienced during the menstrual cycle, postpartum period, and 

menopause. 
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2. Dopamine:  

Oestrogen affects dopamine, the neurotransmitter associated with pleasure and 

reward. Studies show that oestrogen increases dopamine activity, which can affect 

mood and behaviour. This link might be why some women experience mood changes 

during hormonal fluctuations in their menstrual cycle. 

 

3. Norepinephrine:  

Oestrogen modulates the levels of norepinephrine, another neurotransmitter related to 

stress and alertness. By influencing norepinephrine, oestrogen can impact stress 

responses and emotional resilience. 

 

4. Gamma-Aminobutyric Acid (GABA):  

Oestrogen enhances the action of GABA, the primary inhibitory neurotransmitter in the 

brain, which promotes calm and relaxation. Changes in oestrogen levels can affect 

GABA activity, influencing anxiety and mood stability. 

 

5. Glutamate:  

Oestrogen also modulates glutamate, the main excitatory neurotransmitter, which is 

essential for synaptic plasticity and cognitive functions. This interaction is crucial in 

understanding the protective effects of oestrogen against neurodegenerative diseases 

and cognitive decline. 

 

Hormonal Treatments for Mood Disorders and Other Conditions 

Given oestrogen's significant role in modulating neurotransmitters, it has been studied for its 

potential in treating mood disorders and other neurological conditions: 

 

1. Menopause and Perimenopause: Hormone Replacement Therapy (HRT) involving 

oestrogen has been used to manage the mood swings, depression, and anxiety often 
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seen in menopausal and perimenopausal women. Oestrogen supplementation has 

been shown to stabilize mood and improve overall well-being during these transitional 

periods. 

 

2. Premenstrual Syndrome (PMS) and Premenstrual Dysphoric Disorder (PMDD): 

Treatments that regulate the balance of oestrogen and progesterone can help alleviate 

the severe mood swings associated with PMS and PMDD. Options include contraceptive 

pills and other hormonal regulators that stabilize oestrogen levels throughout the 

menstrual cycle. 

3. Postpartum Depression: Oestrogen levels drop sharply after childbirth, which can 

contribute to postpartum depression. Some studies suggest that stabilizing oestrogen 

levels through supplementation can help reduce the risk or severity of postpartum 

depression. 

4. Non-reproductive Mental Health Issues: Oestrogen's effect on neurotransmitters 

suggests its potential utility in broader applications, such as treating depression, anxiety 

disorders, and even cognitive decline in the elderly, although more research is needed in 

these areas. 

 

Recent Research and Data 

Recent investigations continue to explore the neuroprotective effects of oestrogen and its 

potential applications in treating neurodegenerative diseases like Alzheimer's. For example, 

studies are looking at how oestrogen therapy might help delay the onset of cognitive symptoms 

in women at risk of Alzheimer's, particularly during the early postmenopausal years. 

 

Oestrogen's intricate relationship with various neurotransmitters underpins its role not only in 

reproductive health but also in the modulation of mood and cognitive functions. This has 

opened up therapeutic avenues for using hormonal treatments in addressing a range of mood 

disorders and other non-gynaecological conditions, offering hope for more targeted and 

effective interventions in the future. More comprehensive studies and clinical trials are 

essential to fully understand and harness the potential of oestrogen in these contexts. 
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Science Deep Dive 

To delve deeper into the complex interplay between oestrogen and neurotransmitters, it's 

crucial to understand the biochemical mechanisms and the physiological impact at a cellular 

level. This involves examining oestrogen's influence on gene expression, receptor modulation, 

synaptic plasticity, and neurotransmitter systems. Let's explore these areas more deeply, 

including how oestrogen affects specific neurotransmitter systems and the resulting 

implications for mood and cognitive function. 

 

1. Oestrogen and Neurotransmitter Receptor Modulation 

Oestrogen exerts significant effects on neurotransmitter systems largely by modulating the 

activity of various neurotransmitter receptors. Here’s how: 

• Serotonin Receptors (5-HT):  

Oestrogen increases the expression of serotonin receptors, particularly the 5-HT1A and 

5-HT2A receptors. This can lead to enhanced serotonin signalling, which is often 

associated with improved mood and reduced anxiety. Oestrogen also modulates the 

synthesis of serotonin by influencing the activity of tryptophan hydroxylase, the rate-

limiting enzyme in serotonin production. 

 

• Dopamine Receptors:  

Oestrogen enhances dopamine synthesis and release. It also increases the density of 

dopamine D2 receptors in certain brain regions, which can affect mood regulation and 

cognitive functions related to reward and pleasure mechanisms. 

 

• GABA Receptors: 

 Oestrogen increases the expression of GABA_A receptors, thereby enhancing the 

inhibitory effects of GABA. This can lead to anxiolytic effects, which help manage 

anxiety and stress responses. 
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• NMDA Receptors:  

Oestrogen modulates the N-methyl-D-aspartate (NMDA) receptors involved in 

glutamatergic signalling, which is critical for synaptic plasticity and memory. 

Oestrogen’s effect on NMDA receptors may help protect against cognitive decline and 

has implications for neurodegenerative diseases like Alzheimer's. 

 

Neurotransmitter Effects of Oestrogen                            

Serotonin  Increases expression of 5-HT1A & 5-HT2A receptors; enhances serotonin synthesis  

Dopamine      Increases dopamine synthesis and release; increases D2 receptor density  

GABA            Increases expression of GABA_A receptors; enhances inhibitory effects  

NMDA     Modulates NMDA receptor activity; promotes synaptic plasticity  

 

2. Oestrogen and Gene Expression 

Oestrogen influences neurotransmitter systems at the genomic level through oestrogen 

receptors (ERα and ERβ) that act as transcription factors. When oestrogen binds to these 

receptors, the complex can enter the nucleus and bind to oestrogen response elements (EREs) 

on DNA, altering the transcription of genes involved in neurotransmitter system regulation, 

including those coding for receptors, transporters, and enzymes. 

 

3. Synaptic Plasticity and Neuroprotection 

Oestrogen is known to enhance synaptic plasticity, which is the ability of synapses to 

strengthen or weaken over time in response to increases or decreases in activity. This plasticity 

is crucial for learning and memory. Oestrogen promotes the growth and maintenance of 

dendritic spines in the hippocampus and prefrontal cortex, which are vital areas for cognitive 

functions. It also has neuroprotective effects, reducing oxidative stress and inflammation, and 

promoting neuronal survival. 

These deeper insights into how oestrogen interacts with neurotransmitters provide a clearer 

understanding of its potential therapeutic roles in treating mood disorders, cognitive decline, 

and other neurological conditions. Enhanced understanding and ongoing research could further 
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elucidate the precise mechanisms by which oestrogen could be harnessed in clinical 

applications. 

 

Discussion 

Oestrogen’s Neuromodulator Mechanisms 

The complex interplay between oestrogen and neurotransmitter systems is pivotal for 

understanding its broader physiological and therapeutic implications. Oestrogen’s ability to 

modulate neurotransmitter receptors and transporters, as explored in this review, highlights its 

potential as a key regulator of mood and cognitive functions. By upregulating serotonin 

receptors and enhancing serotonin synthesis, oestrogen improves mood and mitigates 

depression symptoms, particularly during the menopausal transition. Similarly, its impact on 

dopamine receptor density and activity could explain the variations in cognitive performance 

and emotional states across different phases of the menstrual cycle. 

 

Clinical Implications 

The therapeutic implications of oestrogen’s neuromodulator roles are substantial, especially in 

the treatment of mood disorders and cognitive impairments associated with hormonal 

fluctuations. Hormone Replacement Therapy (HRT) has shown efficacy in stabilizing mood and 

improving cognitive functions in perimenopausal and postmenopausal women, which could be 

attributed to the restoration of neurotransmitter balance mediated by oestrogen. Moreover, the 

potential of estrogenic to alleviate symptoms of Premenstrual Syndrome (PMS) and 

Premenstrual Dysphoric Disorder (PMDD) opens avenues for more targeted hormonal 

treatments that could benefit a broader demographic. 

 

Future Research Directions 

While the current body of research provides substantial evidence of oestrogen’s beneficial 

effects on neurotransmitter systems, future studies should aim to unravel the dose-dependent 

effects and long-term implications of oestrogen therapy. Understanding the interaction between 

oestrogen and other hormones, such as progesterone, will also be crucial in developing 

comprehensive treatment strategies that minimize side effects and optimize therapeutic 



neurohaven.co.uk  

7 
 

outcomes. Additionally, more randomized controlled trials are needed to evaluate the efficacy 

and safety of oestrogen-based therapies in younger populations and males, potentially 

expanding the therapeutic applications of oestrogen in neuropsychiatric disorders. 

 

Concluding Remarks 

Oestrogen’s influence on the brain extends well beyond its reproductive functions, playing a 

critical role in neuromodulation and offering promising therapeutic potentials. The nuanced 

understanding of how oestrogen interacts with neurotransmitter systems not only informs 

clinical practice but also guides future research, aiming to harness its benefits more effectively 

for mental health and cognitive preservation. This review underscores the importance of a 

multidisciplinary approach in studying hormonal effects on the brain, which could lead to more 

precise and effective interventions for mood and cognitive disorders. 
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