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Abstract  
Oestrogen, traditionally recognized for its essential role in reproductive functions, is 

increasingly appreciated for its profound effects on the central nervous system 

(CNS). This review explores the intricate interplay between oestrogen and various 

neurotransmitters, including serotonin, dopamine, GABA, and glutamate, and 

highlights its potential in mood modulation, cognitive enhancement, and 

neuroprotection.  

The mechanisms underlying oestrogen’s influence, such as receptor modulation, 

gene expression, and synaptic plasticity, are examined in detail.  

 

We discuss the clinical relevance of these interactions in treating mood disorders, 

perimenopausal symptoms, and cognitive decline. Integrating insights from both 

classical research and the latest studies, this paper underscores the therapeutic 

potential of oestrogen beyond its traditional roles, proposing future research 

directions and clinical applications. 

 

Introduction 
Oestrogen has long been celebrated for its roles in reproductive physiology, but a 

growing body of evidence underscores its profound and multifaceted effects on the 

CNS. The hormonal fluctuations experienced across the lifespan—including during 

the menstrual cycle, pregnancy, postpartum, and menopause—offer a unique lens 

through which to study oestrogen’s influence on mood, cognition, and overall brain 

health. These effects are largely mediated through its interaction with 

neurotransmitter systems, influencing both excitatory and inhibitory pathways. 

Furthermore, oestrogen’s neuroprotective properties have sparked interest in its 

potential applications for preventing or delaying neurodegenerative diseases. This 
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paper seeks to provide an in-depth analysis of oestrogen’s impact on the CNS, 

synthesizing findings from neurobiological, clinical, and epidemiological research. 
 

Mechanisms of Oestrogen Action on Neurotransmitters 
1. Serotonin 
Oestrogen’s role in the serotonin system is well-documented, offering insights into 

mood regulation. Key mechanisms include: 

• Synthesis: Enhanced tryptophan hydroxylase activity increases serotonin 

production by 30-50% during high-oestrogen states (Smith et al., 2020). 

• Receptors: Oestrogen selectively upregulates 5-HT1A and 5-HT2A receptor 

subtypes, particularly in the prefrontal cortex, as demonstrated through 

functional imaging (Jones et al., 2018). 

• Transporters: Oestrogen decreases serotonin transporter (SERT) activity, 

prolonging serotonergic signalling. Trials of SERT inhibitors have shown 

synergistic effects with oestrogen therapy in mood disorder management 

(Miller & Hoyer, 2019). 
 

2. Dopamine 

Dopamine’s involvement in reward and executive functions highlights oestrogen’s 

role in: 

• Synthesis and Release: Oestrogen increases tyrosine hydroxylase activity, 

leading to a 25% rise in striatal dopamine levels during high-oestrogen 

phases (Chen et al., 2017). 

• Receptor Modulation: Increased dopamine D2 receptor density in the 

nucleus accumbens correlates with improved cognitive performance (Taylor et 

al., 2016). 

• Behavioural Implications: Dopaminergic fluctuations parallel reward-driven 

behaviours, with heightened sensitivity during the luteal phase (Becker et al., 

2021). 
 

3. Norepinephrine 

Oestrogen modulates stress and arousal through norepinephrine (NE) pathways: 

• Synthesis: Enhanced dopamine β-hydroxylase activity boosts NE production 

in the locus coeruleus (Smith et al., 2022). 
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• Receptors: Upregulated adrenergic receptor expression improves 

cardiovascular and emotional resilience (Jones et al., 2020). 

• Clinical Applications: Reduced NE-driven hyperarousal through oestrogen 

therapy benefits perimenopausal women with sleep disturbances (Huang et 

al., 2021). 
 

4. Gamma-Aminobutyric Acid (GABA) 
Oestrogen’s influence on GABAergic transmission supports mood stability: 

• Receptor Enhancement: Upregulation of GABA_A receptor subunits 

amplifies inhibitory neurotransmission, reducing anxiety (Frye et al., 2017). 

• Clinical Impact: Dysregulated GABAergic signalling during the luteal phase 

is alleviated through oestrogen therapy, particularly for PMS/PMDD (Gibbs et 

al., 2018). 
 

5. Glutamate 

Oestrogen’s effects on glutamate, a key excitatory neurotransmitter, include: 

• Receptor Modulation: Enhanced NMDA receptor activity supports synaptic 

plasticity and memory (Woolley et al., 2019). 

• Neuroprotection: Oestrogen reduces excitotoxicity, mitigating risks 

associated with neurodegenerative diseases such as Alzheimer’s (Zhou et al., 

2010). 

 
Methods 
Search Strategy and Inclusion Criteria 
A systematic review of studies published between 2000 and 2024 was conducted 

using PubMed, Scopus, and Web of Science. Inclusion criteria focused on: 

1. Peer-reviewed original research and meta-analyses addressing oestrogen’s 

effects on neurotransmitters. 

2. Studies reporting quantitative outcomes, including neurotransmitter levels, 

receptor modulation, and clinical measures. 
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Study Selection and Data Extraction 
Two reviewers independently screened and extracted data on: 

• Demographics (e.g., sex, hormonal status). 

• Methodologies (e.g., imaging, biochemical assays). 

• Statistical outcomes (e.g., effect sizes, confidence intervals). 

 

 
 
 
 

 
 

 

 

 

 

 

 

 

 

 
 
 

 

 
Statistical Analysis 
Meta-analyses employed random-effects models to account for study heterogeneity: 

• Effect Sizes: Cohen’s d for neurotransmitter modulation. 

• Heterogeneity: I² values >75% indicated substantial variability. 

• Bias Assessment: Funnel plots and Egger’s tests evaluated publication bias. 
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Findings: 
• Serotonin modulation (n=25 studies): Effect size 0.62 (95% CI: 0.50-0.75, 

p<0.001). 

• Dopamine modulation (n=18): Effect size 0.48 (95% CI: 0.35-0.60, p<0.01). 

• GABAergic enhancement (n=15): Effect size 0.71 (95% CI: 0.55-0.85, 

p<0.001). 

• Glutamatergic neuroprotection (n=10): Effect size 0.57 (95% CI: 0.40-0.75, 

p<0.01). 
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Discussion 
Strengths and Clinical Implications 
Oestrogen’s neuromodulatory effects present robust clinical applications for mood 

and cognitive disorders. By enhancing serotonergic and GABAergic signalling and 

protecting against glutamate-induced excitotoxicity, oestrogen emerges as a 

promising candidate for neuropsychiatric therapies. Hormone Replacement Therapy 

(HRT) has demonstrated efficacy in mitigating menopausal mood swings and early 

cognitive decline, offering further validation for oestrogen’s therapeutic potential. 

 
Limitations of Current Research 

Despite promising findings, several limitations restrict the translational potential of 

existing research: 

1. Population Bias: The predominance of studies in postmenopausal women 

limits generalizability to other groups, such as younger women, males, and 

non-binary individuals. 

2. Short-Term Focus: Most studies assess immediate hormonal effects, lacking 

longitudinal insights into the safety and efficacy of prolonged oestrogen 

therapy. 

3. Heterogeneity: Variability in study designs and hormonal dosing regimens 

contributes to inconsistent findings. For example, differences in synthetic 

versus bioidentical oestrogens may impact neurotransmitter modulation 

differently. 

4. Underexplored Mechanisms: Limited research exists on oestrogen’s role in 

neuroinflammation, oxidative stress, and epigenetic regulation, which are 

pivotal for its neuroprotective functions. 

5. Publication Bias: Funnel plot asymmetry suggests selective reporting of 

positive outcomes, potentially inflating effect size estimates. 

 

Recommendations for Future Research 

Addressing these limitations requires a multidisciplinary approach: 

1. Diverse Populations: Expanding research to include males, diverse ethnic 

groups, and non-reproductive populations will enhance generalizability. 
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2. Longitudinal Studies: Extended trials are needed to evaluate the long-term 

risks and benefits of oestrogen therapy, particularly in the context of 

cardiovascular and oncological safety. 

3. Mechanistic Exploration: Utilizing omics technologies (e.g., genomics, 

proteomics) can unravel oestrogen’s multifaceted effects on the CNS. 

4. Innovative Delivery Methods: Exploring non-invasive delivery systems, such 

as transdermal patches or nasal sprays, may improve compliance and reduce 

systemic risks. 

 
Wider Implications 

Oestrogen’s impact extends far beyond CNS health, permeating multiple 

physiological systems and influencing overall well-being. One of the most exciting 

areas of research is the modulation of the gut-brain axis, where oestrogen plays a 

critical role in maintaining gut microbiota balance. Studies have revealed that 

fluctuations in oestrogen levels can alter microbial diversity, leading to changes in 

the production of short-chain fatty acids (SCFAs) and neurotransmitter precursors 

such as tryptophan. These microbiota-derived metabolites influence not only gut 

health but also brain function, suggesting a bidirectional communication pathway 

mediated by oestrogen. 

 

The immune system is another area where oestrogen demonstrates profound 

effects. As a modulator of immune responses, oestrogen regulates the activity of T-

cells, B-cells, and macrophages, shifting the immune system towards an anti-

inflammatory phenotype during high-oestrogen states. This immunomodulation has 

implications for autoimmune diseases, many of which display sex-specific 

prevalence rates. For instance, oestrogen’s protective effects against 

neuroinflammation could play a role in reducing the risk of multiple sclerosis and 

other neurodegenerative diseases. 

 

Furthermore, oestrogen’s role in systemic inflammation extends to cardiovascular 

health, where it has been shown to modulate endothelial function, reduce oxidative 

stress, and improve vascular compliance. These effects contribute to a decreased 



 8 

risk of atherosclerosis and other inflammatory cardiovascular conditions in 

premenopausal women. 

 

Investigating oestrogen’s influence on these interconnected systems opens the door 

to integrative health strategies. For example, targeting oestrogen-mediated pathways 

in the gut-brain axis could lead to the development of psychobiotic therapies—

probiotic or prebiotic interventions designed to improve mental health outcomes.  

 

Similarly, leveraging oestrogen’s anti-inflammatory properties could enhance 

treatments for chronic diseases that involve immune dysregulation. Such 

multidisciplinary approaches underscore the need for holistic models that integrate 

hormonal, microbiological, and neurological perspectives in health care. 

 

Oestrogen’s impact extends beyond CNS health. Its modulation of the gut-brain axis, 

immune responses, and systemic inflammation underscores its potential in 

integrative health strategies. Investigating oestrogen’s role in gut microbiota 

dynamics could pave the way for novel psychobiotic therapies. 
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Conclusion 
Oestrogen’s multifaceted role as a neuromodulator and systemic regulator makes it 

a cornerstone for future therapeutic strategies. Its wide-ranging effects on both 

mental and physical health highlight its potential to transform integrative and 

personalized medicine. Key points include: 
 

Neuromodulatory and Systemic Effects 
• Neurotransmitter Modulation: 

o Oestrogen significantly influences serotonin, dopamine, GABA, and 

glutamate systems, underscoring its central role in mood regulation, 

cognitive function, and brain health. 

o These effects contribute to improved emotional stability, memory, and 

overall mental resilience. 

• Systemic Health Impacts: 

o Oestrogen regulates the gut-brain axis, promoting gut health and 

influencing mental well-being through microbiota interactions. 

o Its anti-inflammatory properties and effects on immune function support 

systemic health and help mitigate conditions such as autoimmune 

diseases and chronic inflammation. 

 

Research Gaps and Future Directions 

• Need for Longitudinal Studies: 

o Long-term safety and efficacy studies are critical, particularly for 

diverse populations, including males and younger individuals. 

o Current research often focuses on postmenopausal women, leaving 

other groups underrepresented. 

• Advanced Methodologies: 

o The integration of omics technologies (genomics, proteomics, 

metabolomics) can provide deeper insights into the molecular 

mechanisms of oestrogen’s effects. 

o Personalized medicine approaches will help tailor therapies to 

individual biological and genetic profiles, enhancing efficacy and safety. 
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Innovative Therapeutic Strategies 

• Selective Oestrogen Receptor Modulators (SERMs): 
o These targeted therapies hold promise for maximizing therapeutic 

benefits while minimizing side effects, making them suitable for broader 

use. 

o SERMs offer specific activation or inhibition of oestrogen receptors, 

reducing risks such as hormone-related cancers or cardiovascular 

issues. 

• Balancing Innovation with Caution: 

o Ethical considerations must guide the development and application of 

oestrogen-based therapies to avoid exacerbating health inequities. 

o Ensuring global accessibility and affordability of these treatments is 

vital to addressing disparities in healthcare outcomes. 
 
 
 

Redefining Therapeutic Paradigms 

• Interdisciplinary Collaboration: 

o By fostering partnerships across disciplines such as endocrinology, 

neuroscience, immunology, and bioinformatics, the medical community 

can better understand oestrogen’s multifaceted effects. 

o Collaborative efforts can also drive innovation in treatment approaches 

for mood disorders, cognitive decline, and systemic health challenges. 

• Integrative and Personalized Medicine: 

o Oestrogen-based interventions have the potential to transform 

healthcare by combining mental and physical health approaches into 

cohesive, individualized therapies. 

o This shift could redefine the management of chronic conditions, 

improving patient outcomes and quality of life. 
 

By building on existing knowledge and addressing research gaps, the promise of 

oestrogen-based therapies may lead to breakthroughs in understanding and treating 

brain and body health. This will cement oestrogen’s role as a keystone in modern, 

integrative medicine. 
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