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Abstract 

Selective Estrogen Receptor Modulators (SERMs) represent a class of compounds that demonstrate tissue-specific 
agonist or antagonist activity on estrogen receptors, allowing for selective modulation of estrogenic effects across 
different tissues. Originally developed for the treatment of hormone receptor-positive breast cancer, SERMs have 
revealed significant potential for use in non-cancer therapeutics due to their diverse pharmacological profiles. This 
review thoroughly examines the expanding applications of SERMs beyond oncology, elaborating on their mechanisms 
of action, pharmacokinetics, and clinical applications. 

Compounds such as raloxifene, bazedoxifene, tamoxifen, and lasofoxifene have proven effective in managing 
osteoporosis by enhancing bone mineral density and reducing the risk of fractures. Moreover, their cardiovascular 
benefits include improved lipid profiles and endothelial function, albeit with an awareness of associated 
thromboembolic risks. SERMs also display neuroprotective properties, suggesting potential advantages in cognitive 
disorders such as Alzheimer's disease, in addition to alleviating menopausal symptoms through tissue-selective 
estrogen complex therapies. 

A comparative analysis reveals variations in efficacy, safety, and tissue selectivity among the different SERMs. Despite 
their therapeutic potential, challenges such as thromboembolic risks, inconsistent patient responses, and adverse 
effects demand careful clinical consideration. Future efforts will focus on developing next-generation SERMs that offer 
improved tissue selectivity, reduced side effects, and personalised treatment strategies informed by pharmacogenomic 
insights. This review emphasizes the necessity for continued research to broaden the therapeutic landscape of SERMs, 
highlighting the importance of balancing efficacy and safety to optimize patient outcomes across various non-cancer 
conditions.  
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1. Introduction

Estrogen receptors are ligand-activated transcription factors belonging to the nuclear receptor family. They play a 
crucial role in regulating various physiological processes, including reproduction, bone density maintenance, 
cardiovascular health, and brain function. These receptors exist in two primary isoforms: estrogen receptor alpha and 
estrogen receptor beta, each encoded by separate genes and exhibiting distinct tissue distributions and functions. ERα 
is predominantly expressed in reproductive tissues, whereas ERβ is more prevalent in the central nervous system, bone, 
and cardiovascular tissues. Upon activation by estrogen, these receptors influence gene expression, modulating cellular 
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growth, differentiation, and apoptosis. The intricate roles of ERs in numerous biological systems underline their 
significance in both health and disease[1–4]. 

Therapeutic Potential of Selective Estrogen Receptor Modulators: In the quest to harness the therapeutic potential of 
estrogen signalling, Selective Estrogen Receptor Modulators have emerged as a class of compounds that selectively 
agonise or antagonise ERs in a tissue-specific manner. Initially developed for the treatment of breast cancer, where they 
exhibit anti-estrogenic effects in breast tissue, SERMs have since been explored for their potential in various non-cancer 
indications[5]. Compared to their estrogen counterparts, SERMs offer the advantage of targeted modulation of ER 
activity, thereby mitigating the systemic side effects associated with hormone replacement therapy[6, 7]. 

Selective Estrogen Receptor Modulators (SERMs) are compounds that exhibit tissue-specific estrogen receptor agonist 
or antagonist activity. The development of SERMs was driven by the need for therapeutics that could harness the 
beneficial effects of estrogen in specific tissues while avoiding its undesirable actions in others. The first SERM, 
tamoxifen, was introduced in the 1960s as a treatment for breast cancer, marking a breakthrough in cancer therapeutics. 
Tamoxifen acts as an estrogen antagonist in breast tissue, inhibiting ER-mediated proliferation of cancer cells, while 
simultaneously exerting estrogenic effects on bone and lipid metabolism. This duality of action set the stage for the 
development of a new class of drugs with tailored tissue selectivity[8, 9]. 

Over the decades, several SERMs have been developed, including raloxifene, toremifene, and bazedoxifene, each with 
unique receptor-binding profiles and therapeutic indications. While tamoxifen and raloxifene have been extensively 
studied for breast cancer prevention and osteoporosis treatment, respectively, the spectrum of potential SERM 
applications has widened significantly. Beyond their role in oncology, SERMs are now being investigated for various 
non-cancer conditions, such as cardiovascular diseases, neurodegenerative disorders, and metabolic syndromes[10, 
11]. 

The growing interest in SERMs beyond cancer can be attributed to their ability to selectively modulate estrogenic 
activity, offering targeted therapeutic benefits while minimizing systemic adverse effects[7]. For instance, raloxifene 
has shown efficacy in reducing the risk of vertebral fractures in postmenopausal women, while exhibiting favourable 
effects on cholesterol levels[12]. Furthermore, emerging evidence suggests that SERMs may have neuroprotective 
properties, potentially mitigating the progression of Alzheimer's disease and other cognitive disorders. Such findings 
underscore the need to explore the full therapeutic potential of SERMs in a broader range of diseases[13, 14]. 

1.1. Purpose of the Review 

This review aims to explore the therapeutic potential of SERMs beyond their traditional role in cancer management. 
While SERMs have established efficacy in treating hormone receptor-positive breast cancer and preventing 
osteoporosis, their expanding utility in non-cancer therapeutics warrants a comprehensive evaluation. This article 
seeks to provide an in-depth analysis of the current state of research on SERM applications in non-cancer conditions, 
highlighting key findings, limitations, and future research directions. 

Objective of the Review 

The primary objective of this review is twofold: 

• To summarize and critically analyse current research on the therapeutic applications of SERMs in non-cancer 
conditions, including but not limited to cardiovascular health, neuroprotection, metabolic regulation, and bone 
health. 

• To identify gaps in existing knowledge and propose future research directions that could further elucidate the 
role of SERMs in non-cancer settings. 

By addressing these objectives, this review aims to contribute to the ongoing scientific discourse on SERMs, fostering a 
deeper understanding of their potential to improve patient outcomes across a range of non-oncological diseases. 

2. Mechanism of action of SERMS 

2.1. Estrogen Receptor Subtypes and Tissue Selectivity 

Estrogen receptors exist primarily in two subtypes, ERα and ERβ, which exhibit differential expression across various 
tissues. ERα is predominantly found in reproductive tissues such as the breast, uterus, and ovaries, where it mediates 
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estrogen's proliferative effects. Conversely, ERβ is expressed in tissues such as the brain, bone, cardiovascular system, 
and lungs, where it generally exhibits anti-proliferative and protective roles. The distinct distribution and functional 
differences of these receptors underpin the tissue-selective actions of SERMs[15]. 

SERMs exert their effects by binding to ERs and inducing conformational changes that influence receptor interaction 
with co-regulator proteins. Depending on the tissue context, these changes determine whether the SERM acts as an 
agonist or antagonist. For example, tamoxifen acts as an ER antagonist in breast tissue by recruiting co-repressors to 
inhibit transcription, while functioning as an agonist in bone tissue by recruiting co-activators to promote gene 
expression[16, 17]. 

2.2. Molecular Pathways Affected by SERMs 

SERMs influence multiple molecular pathways through their interactions with ERs and subsequent modulation of 
transcriptional activity. Upon binding to a SERM, ERs can either promote or inhibit the recruitment of co-regulator 
proteins, such as co-activators (e.g., SRC-1, CBP) or co-repressors (e.g., NCoR, SMRT)[18]. This interaction dictates the 
receptor’s ability to modulate gene expression in a tissue-specific manner. Additionally, SERMs have been shown to 
impact non-genomic signalling pathways, including the activation of intracellular kinases such as PI3K/Akt and MAPK, 
which play roles in cell survival, metabolism, and neuroprotection[18, 19]. 

Beyond transcriptional regulation, SERMs can influence downstream signalling cascades involved in inflammation, 
oxidative stress, and apoptosis. These pathways are critical in the therapeutic effects of SERMs in non-cancer conditions, 
such as cardiovascular health and neurodegeneration[20]. 

2.3. Pharmacokinetics and Pharmacodynamics of SERMs 

The pharmacokinetics of SERMs, including absorption, distribution, metabolism, and excretion, play a significant role 
in their therapeutic efficacy. SERMs are typically well-absorbed orally, with hepatic metabolism primarily involving 
cytochrome P450 enzymes. Tamoxifen, for instance, is metabolized into active metabolites such as 4-hydroxytamoxifen 
and endoxifen, which exhibit a higher affinity for ERs[16]. 

Binding affinity and half-life are crucial factors influencing the duration of action of SERMs in different tissues. 
Tamoxifen has a long half-life (approximately 5 to 7 days), contributing to its sustained effects, while raloxifene has a 
shorter half-life (approximately 27 hours) but exhibits high binding affinity to ERs in bone and cardiovascular tissues. 
These pharmacokinetic properties underpin the tissue-selective efficacy and safety profiles of various SERMs[16, 21]. 

In summary, the mechanism of action of SERMs involves complex interactions with estrogen receptors, modulation of 
transcriptional activity, and influence on key signalling pathways. Understanding these mechanisms is essential for 
developing novel therapeutic applications of SERMs in non-cancer conditions[18, 22]. 

3. Established and emerging non-cancer therapeutic applications of SERMS 

3.1. Bone Health and Osteoporosis 

Estrogen plays a critical role in maintaining bone density by regulating the balance between bone resorption and bone 
formation. It inhibits osteoclast activity, thereby reducing bone resorption, and promoting osteoblast survival, 
enhancing bone formation. The decline in estrogen levels during menopause leads to increased bone turnover and a 
subsequent decrease in bone mineral density (BMD), heightening the risk of osteoporosis and fractures[23, 24]. 

SERMs, such as raloxifene and bazedoxifene, have been extensively studied for their efficacy in preventing and treating 
osteoporosis in postmenopausal women. Raloxifene, for instance, has been shown to increase BMD at the spine and hip 
while reducing the risk of vertebral fractures[25]. Clinical trials, such as the Multiple Outcomes of Raloxifene Evaluation 
(MORE) study, demonstrated a 30% to 50% reduction in vertebral fractures among postmenopausal women treated 
with raloxifene. Bazedoxifene, a third-generation SERM, has similarly shown efficacy in reducing vertebral fracture risk, 
with the added benefit of fewer adverse effects on endometrial and breast tissues compared to earlier SERMs[16, 25]. 

Mechanistically, SERMs exert their bone-protective effects by acting as estrogen agonists on ERs in bone tissue. This 
action promotes the recruitment of co-activators, enhancing the transcription of genes involved in bone matrix 
production and osteoclast inhibition. Unlike estrogen, however, SERMs do not stimulate breast or uterine tissues, 
reducing the risk of estrogen-dependent cancers[21, 26]. 
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When compared to other osteoporosis therapies, such as bisphosphonates, SERMs offer unique advantages. While 
bisphosphonates primarily inhibit bone resorption by inducing osteoclast apoptosis, SERMs modulate both bone 
resorption and formation, providing a more balanced approach to bone remodelling. Additionally, SERMs have 
favourable effects on lipid profiles, which are not observed with bisphosphonates. However, bisphosphonates tend to 
have greater efficacy in reducing non-vertebral fractures[27, 28]. 

Overall, the role of SERMs in bone health is well-established, with significant evidence supporting their use in reducing 
vertebral fracture risk and improving BMD. Future research may focus on combination therapies involving SERMs and 
other agents, such as bisphosphonates or parathyroid hormone analogues, to enhance therapeutic outcomes[29–31]. 

3.2. Cardiovascular Health 

Estrogen has long been recognized for its protective effects on cardiovascular health, primarily through its ability to 
improve lipid profiles, enhance endothelial function, and reduce vascular inflammation. Postmenopausal women 
experience an increased risk of cardiovascular disease (CVD) due to the loss of estrogen’s cardioprotective effects[32, 
33]. 

SERMs have the potential to mimic some of estrogen’s beneficial cardiovascular effects while minimizing associated 
risks. Raloxifene, for example, has been shown to improve lipid profiles by reducing low-density lipoprotein (LDL) 
cholesterol levels without significantly affecting high-density lipoprotein (HDL) cholesterol or triglycerides. Evidence 
from clinical trials indicates that raloxifene may reduce the risk of coronary events in certain subgroups of 
postmenopausal women, particularly those at lower baseline cardiovascular risk[34, 35]. 

Despite these benefits, the use of SERMs in cardiovascular health is not without risks. One of the primary concerns is 
the increased risk of venous thromboembolism (VTE) associated with SERM therapy[36]. Studies have consistently 
reported a two- to three-fold increased risk of VTE in women using raloxifene or tamoxifen. Strategies for mitigating 
this risk include careful patient selection and monitoring, particularly in individuals with a history of thromboembolic 
events or other predisposing factors[37]. 

Mechanistically, SERMs exert their cardiovascular effects by acting as partial estrogen agonists in vascular tissues, 
promoting nitric oxide production and improving endothelial function. Additionally, SERMs may exert anti-
inflammatory effects by modulating the expression of inflammatory cytokines and adhesion molecules involved in 
atherosclerosis development[28, 38]. 

In summary, while SERMs offer promising cardioprotective benefits, their use must be carefully balanced against 
potential thromboembolic risks. Future research may explore the development of novel SERMs with improved safety 
profiles or combination therapies that mitigate VTE risk while preserving cardiovascular benefits[39, 40]. 

3.3. Cognitive Function and Neuroprotection 

Estrogen has significant effects on cognitive health, with evidence suggesting its role in reducing the risk of 
neurodegenerative diseases such as Alzheimer’s disease (AD). The neuroprotective effects of estrogen are thought to 
be mediated through its antioxidant properties, modulation of neuroinflammation, and promotion of synaptic 
plasticity[41, 42]. 

SERMs have been investigated as potential therapeutic agents for cognitive decline and neurodegenerative disorders. 
Preclinical studies have demonstrated that SERMs, such as raloxifene, can reduce amyloid-beta deposition and 
neuroinflammation in animal models of AD. Clinical evidence, although limited, suggests that raloxifene may have 
cognitive benefits in certain subgroups of postmenopausal women[43]. For instance, a secondary analysis of the MORE 
trial indicated improved verbal memory and attention in women receiving raloxifene[24, 44]. 

Mechanistically, SERMs exert their neuroprotective effects by acting as estrogen agonists in the brain, particularly in 
regions involved in memory and learning, such as the hippocampus. SERMs may also reduce oxidative stress and 
inflammation by modulating the activity of microglia, the resident immune cells of the central nervous system[30, 45]. 

However, the evidence for SERM efficacy in cognitive function remains mixed, with some studies reporting no significant 
cognitive benefits. Limitations of current research include small sample sizes, short follow-up periods, and 
heterogeneity in study populations. Ongoing clinical trials are expected to provide more definitive evidence regarding 
the role of SERMs in neuroprotection[46–48]. 
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In conclusion, while SERMs show potential as neuroprotective agents, further research is needed to establish their 
efficacy in preventing or slowing cognitive decline. Future studies should focus on identifying the most responsive 
patient populations and optimizing dosing regimens[49, 50]. 

3.4. Menopausal Symptoms and Quality of Life 

SERMs have also been explored for their role in managing menopausal symptoms, particularly vasomotor symptoms 
(e.g., hot flashes) and improving overall quality of life in postmenopausal women. While traditional hormone 
replacement therapy (HRT) effectively alleviates menopausal symptoms, its use is associated with increased risks of 
breast cancer and cardiovascular events[51–55]. 

Bazedoxifene, in combination with conjugated estrogens, has been approved for the treatment of menopausal 
symptoms and the prevention of osteoporosis. This combination therapy, known as tissue-selective estrogen complex 
(TSEC), provides the benefits of estrogen on menopausal symptoms and bone health while minimizing the risk of 
endometrial hyperplasia. Clinical trials have shown significant improvements in vasomotor symptoms, sleep quality, 
and overall quality of life in women receiving TSEC therapy[51, 56, 57]. 

The safety profile of SERMs in managing menopausal symptoms is generally favourable, with a lower risk of breast and 
endometrial cancer compared to traditional HRT. However, as with other SERM therapies, the risk of VTE remains a 
concern and warrants careful patient selection and monitoring[56–59]. 

In summary, SERMs offer a promising alternative to traditional HRT for managing menopausal symptoms, with the 
added benefit of bone protection. Future research may focus on optimizing combination therapies to enhance efficacy 
and safety. 

 

Figure 1 Established and emerging non-cancer therapeutic applications of SERMs 

3.5. Other Emerging Applications 

Beyond their established roles, SERMs are being investigated for potential applications in autoimmune disorders and 
metabolic syndrome. Preliminary evidence suggests that SERMs may modulate immune function, offering therapeutic 
potential in conditions such as lupus and rheumatoid arthritis[60]. Additionally, SERMs have been shown to influence 
metabolic parameters, including weight gain and insulin sensitivity, making them potential candidates for managing 
metabolic syndrome[25]. 

However, the evidence for these emerging applications is still limited. Additional research is needed to fully elucidate 
the therapeutic potential of SERMs in these areas and determine their efficacy and safety profiles. Further clinical trials 
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and experimental studies will be crucial to advancing our understanding of SERMs beyond their established uses[40, 
45]. 

The development of novel SERMs with improved tissue selectivity and safety profiles continues to be an area of active 
research. As our understanding of SERM pharmacology and mechanisms of action advances, the scope of their clinical 
utility is likely to expand, providing new opportunities for the management of various estrogen-responsive 
conditions[61]. 

Future research directions include large-scale clinical trials to validate these emerging applications and the 
development of next-generation SERMs with improved efficacy and safety profiles. By expanding the therapeutic 
indications of SERMs, researchers may unlock new treatment options for a variety of non-cancer conditions[62]. 

4. Comparative analysis of key SERMS 

4.1. Discussion on Safety Profiles 

The safety profiles of SERMs vary depending on their receptor-binding selectivity and pharmacokinetics. Common 
adverse effects associated with SERM therapy include hot flashes, leg cramps, and an increased risk of venous 
thromboembolism (VTE). The risk of VTE is a significant concern, particularly in older patients or those with a history 
of thromboembolic events. Careful patient selection and regular monitoring are essential strategies to mitigate this 
risk[63, 64]. 

Contraindications for SERM use include a history of thromboembolic disorders, active or past breast cancer (for non-
cancer indications), and pregnancy. Drug interactions may occur with anticoagulants and other medications 
metabolized by cytochrome P450 enzymes, necessitating caution in polypharmacy cases[65–67]. 

Table 1 Summary of Key SERMs in Non-Cancer Therapeutics 

SERM Indications Mechanism of Action Clinical Outcomes Common Side 
Effects 

Raloxifene Osteoporosis, 
cardiovascular health 

Estrogen agonist in 
bone; antagonist in 
breast 

Increased BMD, 
reduced vertebral 
fractures 

Hot flashes, VTE risk 

Bazedoxifene Osteoporosis, 
menopausal 
symptoms 

Estrogen agonist in 
bone; antagonist in 
uterus 

Improved BMD, 
reduced vertebral 
fractures, improved 
QoL 

Hot flashes, leg 
cramps 

Tamoxifen Neuroprotection 
(investigational) 

Estrogen antagonist in 
breast; partial agonist 
elsewhere 

Potential cognitive 
benefits, reduced 
cholesterol levels 

Hot flashes, VTE risk, 
endometrial 
hyperplasia 

Lasofoxifene Osteoporosis, breast 
cancer prevention 

Estrogen agonist in 
bone; antagonist in 
breast 

Increased BMD, 
reduced vertebral 
fractures 

Hot flashes, VTE risk 

In conclusion, while SERMs offer substantial therapeutic benefits in non-cancer conditions, their use requires a balanced 
consideration of efficacy and safety. Future research should focus on developing next-generation SERMs with improved 
safety profiles, particularly concerning thromboembolic risks[68]. 

5. Challenges and future directions 

5.1. Challenges in Clinical Use 

One of the primary challenges in the clinical use of SERMs is achieving an optimal risk-benefit balance. While SERMs 
offer significant therapeutic benefits, such as improved bone density and cardiovascular health, they also pose risks, 
notably venous thromboembolism. The risk of VTE necessitates careful patient selection and monitoring, particularly 
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in older individuals and those with a history of thromboembolic events[69, 70]. Patient-specific factors, including age, 
sex, comorbidities, and genetic variability, also influence the efficacy and safety of SERMs. For instance, variations in 
cytochrome P450 enzymes can affect the metabolism of SERMs, leading to differences in drug levels and therapeutic 
outcomes. These factors underscore the need for personalized medicine approaches in SERM therapy to optimize 
treatment and minimize adverse effects[71, 72]. Furthermore, the potential for drug interactions is a key consideration 
in SERM therapy, particularly when patients are taking anticoagulants or other medications metabolized by the 
cytochrome P450 system. Careful monitoring and dose adjustments may be required to ensure the safe and effective 
use of SERMs in a polypharmacy setting[73]. 

 

Figure 2 Navigating SERM Therapy: Challenges and 

5.2. Future Directions 

 

Figure 3 Future Directions in SERM Research 

The future of SERM research should focus on developing more selective and safer next-generation compounds. 
Enhancing the ability of SERMs to act as targeted agonists or antagonists in specific tissues, while minimising 
undesirable off-target effects, could significantly broaden their therapeutic applications[18]. This would involve a 
deeper understanding of the underlying pharmacological mechanisms and tissue-specific signalling pathways. 
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Personalized medicine approaches hold great promise for optimising SERM therapy. Advances in pharmacogenomics 
may enable clinicians to tailor SERM treatments based on individuals' unique genetic and molecular profiles, thereby 
improving the efficacy of these therapies and reducing the risk of adverse effects[74, 75]. This personalized approach 
could account for factors such as variations in drug metabolism and receptor expression, leading to more targeted and 
effective interventions. 

Ongoing and future clinical trials are expected to provide invaluable insights into the expanded use of SERMs beyond 
cancer treatment, exploring their potential in autoimmune disorders, metabolic syndrome, neurodegenerative diseases, 
and other non-cancer conditions[38, 76]. These trials will likely shape future clinical practice by identifying new 
therapeutic indications for SERMs and refining existing treatment protocols, ultimately expanding the arsenal of tools 
available to clinicians for managing a wide range of estrogen-responsive conditions[77]. 

The field of Selective Estrogen Receptor Modulator research and development remains an active and promising area of 
investigation. While the current applications of SERMs are well-established, their potential for addressing non-cancer 
conditions continues to be explored, with the promise of improved safety and efficacy profiles in the future[78].  

6. Conclusion 

Selective Estrogen Receptor Modulators have emerged as a versatile and promising class of agents in the field of non-
cancer therapeutics. They have demonstrated significant potential in managing a range of conditions, including 
osteoporosis, cardiovascular health, cognitive function, and menopausal symptoms. The tissue-selective actions of 
SERMs allow them to deliver targeted benefits while minimising the risks often associated with traditional hormone 
therapies. 

Despite the promising outcomes observed in various studies, the clinical use of SERMs is not without its challenges. 
Concerns around thromboembolic risks and patient-specific variability in response highlight the need for careful patient 
selection, close monitoring, and further research to optimise their use. The development of next-generation SERMs with 
enhanced tissue selectivity and the application of personalised medicine approaches offer a promising pathway to 
unlock the full therapeutic potential of these compounds and improve patient outcomes across diverse non-cancer 
conditions.  

Continued investment in research, including well-designed clinical trials, will be crucial in expanding the clinical utility 
of SERMs and addressing the existing challenges. By pursuing these avenues, the medical community can strive to 
unlock the full potential of SERMs and deliver better, more tailored treatments for patients in need.  

Compliance with ethical standards 

Disclosure of conflict of interest 

The authors declare no conflict of interest.  

References 

[1] Fuentes N, Silveyra P. Estrogen receptor signaling mechanisms. Adv Protein Chem Struct Biol. 2019;116:135-
170. doi: 10.1016/bs.apcsb.2019.01.001. 

[2] Krishnan V, Heath H, Bryant HU (2000) Mechanism of action of estrogens and selective estrogen receptor 
modulators. Elsevier BV 123–147 

[3] Hamilton KJ, Hewitt SC, Arao Y, Korach KS (2017) Estrogen Hormone Biology. Elsevier BV 109–146 

[4] Pakdel F (2023) The Role of Estrogen Receptors in Health and Disease. Multidisciplinary Digital Publishing 
Institute 24:11354–11354 

[5] Oseni TO, Patel RR, Pyle JR, Jordan VC (2008) Selective Estrogen Receptor Modulators and Phytoestrogens. 
Thieme Medical Publishers (Germany) 74:1656–1665 

[6] Downton T, Zhou F, Segara D, et al (2022) Oral Selective Estrogen Receptor Degraders (SERDs) in Breast Cancer: 
Advances, Challenges, and Current Status. DDDT Volume 16:2933–2948. 
https://doi.org/10.2147/DDDT.S380925 



World Journal of Biology Pharmacy and Health Sciences, 2025, 22(02), 058-069 

66 

[7] Patel R, Klein P, Tiersten A, Sparano JA (2023) An emerging generation of endocrine therapies in breast cancer: 
a clinical perspective. npj Breast Cancer 9:20. https://doi.org/10.1038/s41523-023-00523-4 

[8] Downton T, Zhou FH, Segara D, et al (2022) Oral Selective Estrogen Receptor Degraders (SERDs) in Breast Cancer: 
Advances, Challenges, and Current Status. Dove Medical Press Volume 16:2933–2948 

[9] Zhao B, Zhang Y, Xu J, et al (2022) Periplaneta Americana extract inhibits osteoclastic differentiation in vitro. 
Wiley 56:. https://doi.org/10.1111/cpr.13341 

[10] Arevalo MA, Santos-Galindo M, Lagunas N, et al (2011) Selective estrogen receptor modulators as brain 
therapeutic agents. Journal of Molecular Endocrinology 46:R1–R9. https://doi.org/10.1677/JME-10-0122 

[11] Zhou F, Yang G, Xue L, et al (2023) SCR-6852, an oral and highly brain-penetrating estrogen receptor degrader 
(SERD), effectively shrinks tumors both in intracranial and subcutaneous ER + breast cancer models. BioMed 
Central 25:. https://doi.org/10.1186/s13058-023-01695-4 

[12] Johnston CC, Bjarnason NH, Cohen FJ, et al (2000) Long-term Effects of Raloxifene on Bone Mineral Density, Bone 
Turnover, and Serum Lipid Levels in Early Postmenopausal Women: Three-Year Data From 2 Double-blind, 
Randomized, Placebo-Controlled Trials. Arch Intern Med 160:3444. 
https://doi.org/10.1001/archinte.160.22.3444 

[13] Tosatti JAG, Fontes AF da S, Caramelli P, Gomes KB (2022) Effects of Resveratrol Supplementation on the 
Cognitive Function of Patients with Alzheimer’s Disease: A Systematic Review of Randomized Controlled Trials. 
Adis, Springer Healthcare 39:285–295 

[14] Tamagno E, Guglielmotto M (2022) Estrogens still represent an attractive therapeutic approach for Alzheimer’s 
disease. Neural Regen Res 17:93. https://doi.org/10.4103/1673-5374.314295 

[15] Tamagno E, Guglielmotto M. Estrogens still represent an attractive therapeutic approach for Alzheimer's disease. 
Neural Regen Res. 2022 Jan;17(1):93-94. doi: 10.4103/1673-5374.314295. doi: 10.4103/1673-5374.314295. 

[16] Kurtanović N, Stanković N, Matić S, et al (2022) Human Estrogen Receptor Alpha Antagonists, Part 3: 3-D 
Pharmacophore and 3-D QSAR Guided Brefeldin A Hit-To-Lead Optimization toward New Breast Cancer 
Suppressants. Multidisciplinary Digital Publishing Institute 27:2823–2823. 
https://doi.org/10.3390/molecules27092823 

[17] Isola JVV, Ko S-H, Ocañas SR, Stout MB (2023) Role of Estrogen Receptor α in Aging and Chronic Disease. 
https://doi.org/10.20900/agmr20230005 

[18] Gustafsson KL, Movérare‐Skrtic S, Farman H, et al (2022) A tissue-specific role of membrane-initiated ERα 
signaling for the effects of SERMs. Bioscientifica 253:75–84. https://doi.org/10.1530/joe-21-0398 

[19] Pinkerton JV, Thomas S (2014) Use of SERMs for treatment in postmenopausal women. The Journal of Steroid 
Biochemistry and Molecular Biology 142:142–154. https://doi.org/10.1016/j.jsbmb.2013.12.011 

[20] Da Silva JS, Montagnoli TL, Rocha BS, et al (2021) Estrogen Receptors: Therapeutic Perspectives for the 
Treatment of Cardiac Dysfunction after Myocardial Infarction. IJMS 22:525. 
https://doi.org/10.3390/ijms22020525 

[21] Goldstein SR (2021) Selective estrogen receptor modulators and bone health. Taylor & Francis 25:56–59 

[22] Srinivasan S, Nwachukwu JC, Bruno NE, et al (2016) Full antagonism of the estrogen receptor without a 
prototypical ligand side chain. Nature Portfolio 13:111–118. https://doi.org/10.1038/nchembio.2236 

[23] Vecchia CL, Carioli G (2022) The epidemiology of breast cancer, a summary overview. 15:. 
https://doi.org/10.2427/12853 

[24] Zerzour A, Haddig NE-H, Derouiche S (2020) Analysis of Osteoporosis risk factors in Menopausal women’s of 
Algeria population. Asia Journ of Resear in Pharmac Scie 10:79. https://doi.org/10.5958/2231-
5659.2020.00015.6 

[25] Jeong C, Ha J, Yoo J-I, et al (2023) Effects of Bazedoxifene/Vitamin D Combination Therapy on Serum Vitamin D 
Levels and Bone Turnover Markers in Postmenopausal Women with Osteopenia: A Randomized Controlled Trial. 
The Korean Society for Bone and Mineral Research 30:189–199. https://doi.org/10.11005/jbm.2023.30.2.189 

[26] Kim KW, Kim YI, Kim K-C (2022) The Efficacy of Selective Estrogen Receptor Modulators Monotherapies in 
Postmenopausal Women with Osteopenia. The Korean Society for Bone and Mineral Research 29:185–189. 
https://doi.org/10.11005/jbm.2022.29.3.185 



World Journal of Biology Pharmacy and Health Sciences, 2025, 22(02), 058-069 

67 

[27] Dodge JA, Bryant HU (2021) Osteoporosis Therapy: Mechanistic Antiresorptives. In: Burger’s Medicinal 
Chemistry and Drug Discovery, 1st ed. Wiley, pp 1–24 

[28] Km C (2023) Effectiveness of Planned Teaching Programme on Knowledge regarding Osteoporosis and its 
Management among Menopausal women in selected rural areas in Bangalore District. AJNER 33–35. 
https://doi.org/10.52711/2349-2996.2023.00008 

[29] Finkelstein JS, Klibanski A, Schaefer EH, et al (1994) Parathyroid Hormone for the Prevention of Bone Loss 
Induced by Estrogen Deficiency. N Engl J Med 331:1618–1623. 
https://doi.org/10.1056/NEJM199412153312404 

[30] Vyas K, Paliwal C, Pathak G, Chaturvedi D (2023) Effectiveness of VATP on knowledge level regarding 
Osteoporosis and its management: A Quasi Experimental Study. IJNER 22–26. https://doi.org/10.52711/2454-
2660.2023.00004 

[31] Shilpa TM, D’Souza VM (2020) Knowledge on calcium deficiency disorder among post menopausal women in 
selected rural community, Mangaluru with a view to prepare an information booklet. Asia Jour Nurs Educ and 
Rese 10:185. https://doi.org/10.5958/2349-2996.2020.00040.3 

[32] Xiang D, Liu Y, Zhou S, et al (2021) Protective Effects of Estrogen on Cardiovascular Disease Mediated by 
Oxidative Stress. Oxidative Medicine and Cellular Longevity 2021:5523516. 
https://doi.org/10.1155/2021/5523516 

[33] Niță A-R, Knock GA, Heads RJ (2021) Signalling mechanisms in the cardiovascular protective effects of estrogen: 
With a focus on rapid/membrane signalling. Current Research in Physiology 4:103–118. 
https://doi.org/10.1016/j.crphys.2021.03.003 

[34] Messalli EM, Scaffa C (2009) Long-term safety and efficacy of raloxifene in the prevention and treatment of 
postmenopausal osteoporosis: an update. Dove Medical Press 11–11. https://doi.org/10.2147/ijwh.s3894 

[35] Snyder KR, Sparano N, Malinowski JM (2000) Raloxifene hydrochloride. Oxford University Press 57:1669–1675. 
https://doi.org/10.1093/ajhp/57.18.1669 

[36] Cardiovascular Disease in Women Module VI: Update on Menopausal Hormone Therapy and Selective Estrogen 
Receptor Modulators (SERMs). In: PowerShow. https://www.powershow.com/view3/535cbc-
NmQ5Z/Cardiovascular_Disease_in_Women_Module_VI_Update_on_Menopausal_Hormone_Therapy_and_Selecti
ve_Estrogen_Receptor_Modulators_SERMs_powerpoint_ppt_presentation. Accessed 1 Feb 2025 

[37] Yu Q, Chae H-D, Hsiao S-M, et al (2022) Prevalence, severity, and associated factors in women in East Asia with 
moderate-to-severe vasomotor symptoms associated with menopause. Lippincott Williams & Wilkins 29:553–
563. https://doi.org/10.1097/gme.0000000000001949 

[38] Arnott JA, Martinkovich S, Planey SL, Shah D (2014) Selective estrogen receptor modulators: tissue specificity 
and clinical utility. Dove Medical Press 1437–1437 

[39] Valéra M-C, Noirrit-Esclassan E, Dupuis M, et al (2018) Effect of estetrol, a selective nuclear estrogen receptor 
modulator, in mouse models of arterial and venous thrombosis. Molecular and Cellular Endocrinology 477:132–
139. https://doi.org/10.1016/j.mce.2018.06.010 

[40] Ellis A, Hendrick VM, Williams R, Komm BS (2015) Selective estrogen receptor modulators in clinical practice: a 
safety overview. Taylor & Francis 14:921–934 

[41] Luo W, Yan Y, Cao Y, et al (2023) The effects of GPER on age-associated memory impairment induced by 
decreased estrogen levels. Frontiers Media 10 

[42] Farkas S, Szabó A, Hegyi A, et al (2022) Estradiol and Estrogen-like Alternative Therapies in Use: The Importance 
of the Selective and Non-Classical Actions. Multidisciplinary Digital Publishing Institute 10:861–861 

[43] Mukund Pache*, Hrutuja Kedar, Snehal Kond, Pratik Jadhav, Tejashree R. Kedar, Pharmacological Management 
of Neurodegenerative Disorders: Current and Future Approaches, Int. J. Sci. R. Tech., 2025, 2 (3), 405-
420.https://doi.org/10.5281/zenodo.15074000 

[44] Rey JRC, Cervino EV, Rentero ML, et al (2009) Raloxifene: Mechanism of Action, Effects on Bone Tissue, and 
Applicability in Clinical Traumatology Practice. Bentham Science Publishers 3:14–21. 
https://doi.org/10.2174/1874325000903010014 

[45] Pinkerton JV, Thomas S (2014) Use of SERMs for treatment in postmenopausal women. The Journal of Steroid 
Biochemistry and Molecular Biology 142:142–154. https://doi.org/10.1016/j.jsbmb.2013.12.011 



World Journal of Biology Pharmacy and Health Sciences, 2025, 22(02), 058-069 

68 

[46] Gleason CE, Dowling NM, Kara F, et al (2024) Long-term cognitive effects of menopausal hormone therapy: 
Findings from the KEEPS Continuation Study. PLoS Med 21:e1004435. 
https://doi.org/10.1371/journal.pmed.1004435 

[47] Sandkühler JF, Kersting XAK, Faust A, et al (2023) The effects of creatine supplementation on cognitive 
performance - a randomised controlled study. Cold Spring Harbor Laboratory 

[48] Jadhav P, Ghule R, Pache M. Neuropharmacology and Clinical Relevance of SSRIs in Anxiety Disorders: From 

Molecular Targets to Therapeutic Strategies. Int J Sci R Tech. 2025;2(4):480–496. doi:10.5281/zenodo.15253869   

[49] Agnusdei D, Iori N (2000) Selective Estrogen Receptor Modulators (SERMs): Effects on Multiple Organ Systems. 
Bentham Science Publishers 7:577–584 

[50] Pache MM, Pangavhane RR, Dhotre SR, Jagtap MN (2024) Cognitive Behavioural Therapy: The Treatment of 
Insomnia and Depression. Int J Pharm Sci Rev Res 84:. https://doi.org/10.47583/ijpsrr.2024.v84i11.005 

[51] Du X, Liu Y, Zhou S, et al (2021) Protective Effects of Estrogen on Cardiovascular Disease Mediated by Oxidative 
Stress. Hindawi Publishing Corporation 2021 

[52] Abdel-Salam DM, Mohamed R, Alruwaili R, et al (2021) Postmenopausal Symptoms and Their Correlates among 
Saudi Women Attending Different Primary Health Centers. Multidisciplinary Digital Publishing Institute 
18:6831–6831. https://doi.org/10.3390/ijerph18136831 

[53] Renuka R (2015) A Study to Assess the Impact of Physical Activity on Menopausal Symptoms among Women in 
a Selected Area, Coimbatore. Asia Jour Nurs Educ and Rese 5:78. https://doi.org/10.5958/2349-
2996.2015.00017.8 

[54] Tiwari A, Singh M, Sahu B (2022) Risk Factors for Breast Cancer. IJNER 276–282. 
https://doi.org/10.52711/2454-2660.2022.00065 

[55] Kavitha M (2018) Effectiveness of Structured Teaching Programme on Knowledge and practice regarding 
alternative remedies for menopausal symptoms among women. Asia Jour Nurs Educ and Rese 8:111. 
https://doi.org/10.5958/2349-2996.2018.00023.X 

[56] Carneiro ALB, Spadella APC, Souza F, et al (2021) Effects of Raloxifene Combined with Low-dose Conjugated 
Estrogen on the Endometrium in Menopausal Women at High Risk for Breast Cancer. Elsevier BV 76:e2380–
e2380. https://doi.org/10.6061/clinics/2021/e2380 

[57] Nair NP, Kumar V (2015) A study to assess the effectiveness of structured teaching programme on the knowledge 
of women regarding menopausal changes in selected rural areas of Mysore. Asia Jour Nurs Educ and Rese 5:385. 
https://doi.org/10.5958/2349-2996.2015.00077.4 

[58] Park J-W, Lee Y-K, Choi Y-S, Ha Y-C (2022) Osteoporotic Fractures among Selective Estrogen Receptor Modulator 
Users in South Korea: Analysis Using National Claims Database. The Korean Society for Bone and Mineral 
Research 29:75–82. https://doi.org/10.11005/jbm.2022.29.2.75 

[59] Maheshwari P, Deepika B, Shanmugarajan TS (2017) A Study on Assessment of Quality of Life in Post Menopausal 
Women. Rese Jour of Pharm and Technol 10:15. https://doi.org/10.5958/0974-360X.2017.00004.X 

[60] Pache MM, Pangavhane RR. Immunotherapy in autoimmune diseases: Current advances and future directions. 
Asian J Pharm Res. 2025;15(2):183–191. doi:10.52711/2231-5691.2025.00030   

[61] An K-C (2016) Selective Estrogen Receptor Modulators. Asian Spine J 10:787. 
https://doi.org/10.4184/asj.2016.10.4.787 

[62] Pickar JH, MacNeil T, Ohleth KM (2010) SERMs: Progress and future perspectives. Elsevier BV 67:129–138 

[63] Alimohammadi A, Kim D, Field TS (2022) Updates in Cerebral Venous Thrombosis. Springer Science+Business 
Media 24:43–50 

[64] Ozaal AOM, Fernando T (2022) Deep vein thrombosis in an elderly patient with chronic limb-threatening 
ischaemia presented with limb swelling: The role of diagnostic tools and surgical dilemma. SAGE Publishing 
10:2050313X2210891-2050313X2210891. https://doi.org/10.1177/2050313x221089121 

[65] Bedrosian I, Somerfield MR, Achatz MI, et al (2024) Germline Testing in Patients With Breast Cancer: ASCO–
Society of Surgical Oncology Guideline. Lippincott Williams & Wilkins 42:584–604. 
https://doi.org/10.1200/jco.23.02225 



World Journal of Biology Pharmacy and Health Sciences, 2025, 22(02), 058-069 

69 

[66] Slamon DJ, Lipatov ON, Nowecki Z, et al (2024) Ribociclib plus Endocrine Therapy in Early Breast Cancer. 
Massachusetts Medical Society 390:1080–1091. https://doi.org/10.1056/nejmoa2305488 

[67] Schlam I, Chávez‐MacGregor M (2024) Best of the year: Advanced breast cancer in 2023. Elsevier BV 74:103677–
103677 

[68] Simon JA, Kingsberg SA, Shumel B, et al (2014) Efficacy and safety of flibanserin in postmenopausal women with 
hypoactive sexual desire disorder: results of the SNOWDROP trial. Menopause 21:633–640. 
https://doi.org/10.1097/GME.0000000000000134 

[69] Paterson‐Brown S, Howell C (2016) Resuscitation of the baby at birth. Cambridge University Press 138–164 

[70] Reginster J-Y, Neuprez A, Beaudart C, et al (2014) Antiresorptive Drugs Beyond Bisphosphonates and Selective 
Oestrogen Receptor Modulators for the Management of Postmenopausal Osteoporosis. Adis, Springer Healthcare 
31:413–424 

[71] Mirkin S, Pickar JH (2014) Selective estrogen receptor modulators (SERMs): A review of clinical data. Elsevier BV 
80:52–57 

[72] S L, A S, Dv S, et al (2022) Comparative differential cytotoxicity of clinically used SERMs in human cancer lines of 
different origin and its predictive molecular docking studies of key target genes involved in cancer progression 
and treatment responses. Current Research in Pharmacology and Drug Discovery 3:100080. 
https://doi.org/10.1016/j.crphar.2021.100080 

[73] Markovac J, Marcus R (2020) The pharmacology of selective estrogen receptor modulators: past and present. In: 
Principles of Bone Biology. Elsevier, pp 863–893 

[74] Wiedermann CJ (2023) Advancing Precision Medicine in South Tyrol, Italy: A Public Health Development 
Proposal for a Bilingual, Autonomous Province. Multidisciplinary Digital Publishing Institute 13:972–972. 
https://doi.org/10.3390/jpm13060972 

[75] Duan X-P, Qin B-D, Jiao X-D, et al (2024) New clinical trial design in precision medicine: discovery, development 
and direction. Springer Nature 9:. https://doi.org/10.1038/s41392-024-01760-0 

[76] Clarke BL, Khosla S (2009) New selective estrogen and androgen receptor modulators. Lippincott Williams & 
Wilkins 21:374–379 

[77] Polari L, Wiklund A, Sousa S, et al (2018) SERMs Promote Anti-Inflammatory Signaling and Phenotype of CD14+ 
Cells. Inflammation 41:1157–1171. https://doi.org/10.1007/s10753-018-0763-1 

[78] Shi C, Wu T, He Y, et al (2020) Recent advances in bone-targeted therapy. Elsevier BV 207:107473–107473  

https://doi.org/10.1007/s10753-018-0763-1

