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Abstract 

Background: Rhodiola rosea L. is a traditional medicinal plant recognized for its adaptogenic properties, 

particularly in enhancing the body’s resistance to physical, chemical, and biological stress. Its pharmacological 

activity has been attributed mainly to phenylpropanoids such as rosavin and salidroside, which influence stress 

adaptation mechanisms and central neurotransmission. 

Aim: The review of the pharmacological action, bioactive compounds, and therapeutic applications of Rhodiola 

rosea, with a particular focus on its potential role in supporting physical and mental performance under stress-

related conditions. 

Methodology: A review was conducted using PubMed and Google Scholar. Studies investigating the chemical 

composition, mechanisms of action, and effects of Rhodiola rosea on stress, fatigue, cognitive function, and 

homeostasis were analyzed and synthesized. 
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Results: Rhodiola rosea has demonstrated benefits in reducing fatigue, improving cognitive function, enhancing 

physical performance, and stabilizing mood. It also possesses a favorable safety profile, with minimal adverse 

effects. 

Conclusions: Rhodiola rosea represents a well-tolerated and biologically active adaptogen with promising 

applications in managing stress-related fatigue and enhancing resilience to physical and psychological challenges. 

Further controlled clinical trials are warranted to define its efficacy, optima dosage, and mechanisms of action 

more precisely. 

 

Keywords: Rhodiola rosea, adaptogen, depression, stress, anxiety, physical activity, salidroside, rosavin, cognitive 

function 

 

 

1. Introduction 

Adaptogens are a unique class of natural compounds known for their ability to enhance 

the body’s resilience to various stressors, including physical, chemical, and biological 

challenges. These substances have garnered considerable interest in recent years due to their 

potential in improving mental and physical performance, reducing fatigue, and supporting 

overall homeostasis [1,2,3]. Originally rooted in traditional medicine systems, adaptogens have 

been extensively studied to understand their molecular mechanisms and clinical benefits. 

The concept of adaptogens emerged from research aimed at identifying substances that 

promote nonspecific resistance to stress, thereby improving the organism’s ability to adapt 

without causing harm or over-stimulation [1,3]. Key adaptogenic plants, such as Rhodiola rosea, 

Withania somnifera (Ashwagandha), and Eleutherococcus senticosus, contain bioactive 

compounds that modulate stress-response pathways, including neuroendocrine and immune 

systems. These plants have demonstrated efficacy in reducing stress-induced fatigue, enhancing 

cognitive function, and supporting mood stabilization [4,5]. 

At the molecular level, adaptogens influence several signaling pathways involved in 

cellular stress responses, such as the hypothalamic-pituitary-adrenal (HPA) axis and oxidative 

stress regulation [6,7]. Their multifaceted actions include antioxidant effects, modulation of 

neurotransmitter levels, and regulation of gene expression related to inflammation and 

apoptosis [4]. These effects contribute to the normalization of physiological functions during 

periods of increased stress. 

Current research emphasizes the importance of standarized extracts and well-characterized 

bioactive markers to ensure consistent efficacy and safety of adaptogenic preparations [8]. 



 

4 

Moreover, emerging evidence from clinical trials suggests that adaptogens may serve as 

effective complementary agents in managing chronic stress-related conditions and fatigue 

syndromes [9]. Despite the growing body of evidence, further investigations are necessary to 

elucidate precise mechanisms and optimize therapeutic protocols. 

In summary, adaptogens represent promising natural compounds with significant potential 

to enhance resilience to stress through complex biochemical and physiological interactions. 

This work aims to provide a comprehensive review of their mechanisms of action, focusing on 

recent advances and integrating molecular insights with clinical observations.  

 

2. Methodology  

This narrative review was conducted to synthesize current knowledge on the 

pharmacological properties, adaptogenic mechanisms, and therapeutic applications of Rhodiola 

rosea. Relevant scientific literature was identified through a comprehensive search of databases 

including PubMed and Google Scholar. Keywords used in the search included: Rhodiola rosea, 

adaptogen, salidroside, rosavin, stress, fatigue, cognitive function, physical activity. Studies 

published between the years 2000 and 2024 were considered for inclusion in the review. 

Particular emphasis was placed on research examining the extract’s effects on stress-related 

fatigue, cognitive performance, mood regulation, and physiological adaptation to external 

stressors. 

 

3. Botanical and Phytochemical Profile 

Rhodiola rosea L., commonly known as golden root or Arctic root, is a perennial flowering 

plant belonging to the Crassulaceae family. It naturalny grows in cold regions such as the Arctic, 

mountainous areas of Europe, and Asia [1]. The plant is characterized by its fleshy root system, 

which is the main part used in traditional medicine. R. rosea thrives in harsh environmental 

conditions, including high altitude and cold temperatures, which contribute to its unique 

biochemical composition [10].  

Historically, R. rosea has been used for centuries in traditional medicine systems across 

Russia, Scandinavia, and China to combat fatigue, improve physical endurance, and enhance 

mental performance [11]. It has also been employed as an adaptogen, a substance believed to 

help the body resist physical, chemical, and biological stressors [12]. 
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The pharmacological properties of R. rosea are primarily attributed to its complex mixture 

of bioactive compounds [13]. The most studied bioactive components include 

phenylpropanoids, salidroside, flavonoids, phenolic acids. Rosavin, rosin, and rosarin are 

considered marked compounds of R. rosea. These phenylpropanoids are often used to 

standardize extracts [14]. Salidroside is a glycoside with significant antioxidant and 

neuroprotective properties, playing a key role in the plant’s adaptogenic effects [1]. Flavonoids 

such as quercetin and kaempferol derivatives, contributing to the anti-inflammatory and 

antioxidant activity [10]. Phenolic acids including gallic and chlorogenic acids, which exhibit 

free radical scavenging abilities [1]. 

The content of active compounds in R. rosea can vary significantly depending on factors 

such as geographic origin, harvest time, and extraction methods [15]. Standardized extracts 

typically contain 3% rosavins and 1% salidroside to ensure consistent pharmacological activity 

[12].  

Several analytical methods have been developed for the identification and quantification 

of R. rosea constituents. The most widely used technique is high-performance liquid 

chromatography (HPLC) [14]. Additionally, mass spectrometry and nuclear magnetic 

resonance (NMR) spectroscopy provide structural information critical for confirming 

compound identity [10]. 

 

4. Mechanisms of Action 

Rhodiola rosea is classified as a powerful adaptogen due to its ability to enhance the body’s 

resistence to various stressors – whether physical, chemical, or biological. This effect is 

primarily attributed to the modulation of the hypothalamic–pituitary–arenal (HPA) axis, which 

plays a central role in managing the stress response through cortisol regulation [1,16]. By 

helping to maintain stable cortisol levels, Rhodiola supports physiological balance (homeostasis) 

and helps prevent early depletion of energy resources during prolonged stress. 

Furthermore, R. rosea influences brain chemistry by modulating levels of key 

neurotransmitters, particularly serotonin, dopamine, and norepinephrine. These changes 

contribute to improved mood, reduced anxiety, and enhanced resistance to mental fatigue 

[10,17]. One proposed mechanism involves the inhibition of monoamine oxidase (MAO), the 

enzyme responsible for breaking down these neurotransmitters, resulting in higher 

concentrations in the brain. Moreover, Rhodiola appears to stabilize the GABAergic system, 
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promoting a calming effect and better sleep quality. Together, these action support better 

cognitive functioning, increased focus, and sustained mental energy throughout the day [12]. 

Rhodiola improves the body’s readiness for stress without overstimulating the nervous 

system. This differentiates Rhodiola from many other stimulatory adaptogens and explains its 

popularity in enhancing physical performance and reducing perceived fatigue during intense 

exertion [17]. 

One of the most notable features of R. rosea is its neuroprotective capacity, largely driven 

by its active compounds – particularly salidroside. This phytochemical contributes to the 

protection of neurons against oxidative damage and inflammation [4]. Research shows that 

salidroside supports neurogenesis and synaptic plasticity, which are essential for memory 

retention and cognitive function [12].  

The plant also exhibits anti-inflammatory effects by suppressing key signaling pathways 

involved in cytokine production, particularly those related to TNF-α, IL-6, and IL-1β [18]. This 

effect is largely attributed to inhibition of the transcription factor NF-κB, a central regulator of 

inflammation [19]. 

Reducing systemic inflammation is critical in preventing and managing chronic 

inflammatory diseases such as arthritis, cardiovascular disorders, and neuroinflammation. 

Notably, these anti-inflammatory effects often act synergistically with Rhodiola’s antioxidant 

activity, reinforcing its protective role at the cellular level [20]. 

Animal studies also suggest that salidroside may reduce neuronal apoptosis triggered by 

toxic stimuli, making it a promising agent in the context of neurodegenerative disease 

prevention, including Alzheimer’s disease. Additionally, Rhodiola enhances cerebral blood 

flow, improving the delivery of oxygen and nutrients to the brain, which may account for 

observed improvements in alertness and mental clarity [21,22,23]. 

R. rosea has emerged as a potential natural selective estrogen receptor modulator (SERM) 

with relevance for managing menopause-related symptoms. Evidence suggests that its bioactive 

constituents, particularly salidroside, interact selectively with estrogen receptor subtypes, 

preferentially activating ERβ pathways. This selective modulation may afford neuroprotective, 

cardioprotective, and osteoprotective benefits without eliciting the proliferative effects on 

reproductive tissues that are commonly associated with conventional hormone replacement 

therapy [24]. 
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The antioxidant properties of R. rosea are rooted in its rich content of phenolic compounds 

such as rosavin, salidroside, and a variety of flavonoids. These compounds help neutralize 

reactive oxygen species (ROS), thereby protecting lipids, and DNA from oxidative damage [10]. 

In addition to its direct antioxidant effects, Rhodiola boosts the activity of endogenous 

antioxidant enzymes like superoxide dismutase (SOD), catalase, and glutathione peroxidase. 

This dual mechanism strengthens the body’s natural defense system, which may slow cellular 

aging and reduce the risk of chronic diseases associated with oxidative stress, such as 

cardiovascular conditions and metabolic disorders [22,25]. 

R. rosea supports cardiovascular health through several interrelated mechanisms. It 

enhances myocardial energy metabolism and protects heart cells from ischemic damage [1]. Its 

active compounds improve oxygen utilization by cardiac muscle cells, increasing their 

efficiency and resilience under stress [26]. 

In paralel, the plant’s antioxidant and anti-inflammatory actions help preserve endothelial 

integrity, reduce oxidative stress in blood vessels, and lower the risk of atherosclerosis. Some 

studies suggest that Rhodiola may also contribute to improved lipid profiles and reduced 

cholesterol levels, further enhancing its cardiovascular benefits [10,27,28]. 

 

5. Antidepressant Effects 

Rhodiola rosea has shown promising antidepressant properties in both clinical and 

preclinical contexts, primarily through multiple complex mechanisms that influence mood and 

emotional regulation. 

Key active constituents in R. rosea – namely salidroside and rosavin – are believed to 

enhance mood by modulating levels of serotonin, dopamine, and norepinephrine in the brain. 

These compounds have been show to inhibit monoamine oxidase (MAO), the enzyme 

responsible for breaking down these neurotransmitters, resulting in elevated synaptic 

concentrations associated with positive mood states and reduced depressive symptoms 

[29,30,31]. 

Chronic stress frequently causes HPA-axis dysregulation, leading to persistently elevated 

cortisol levels – a hallmark of many depressive disorders. R rosea has been shown to offset this 

imbalance, reducing excessive cortisol release and normalizing HPA function. There effects 

contribute to its antidepressant action, as supported by controlled clinical investigations [32,33]. 
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Adaptogens like R. rosea and related plants have been shown to upregulate protective 

proteins such as heat-shock protein 72 (Hsp72), boosting cellular resilience to stressors [29]. 

Additionally, neuroprotective mechanisms – including stimulation of neurogenesis and 

mitigation of oxidative damage – further suport mood stability and resilience [29,34]. 

Several randomized clinical trials have examined R. rosea’s effects on depression. A 12-

week, double-blind, placebo-controlled trial in mild-to-moderate depression showed significant 

improvement using standardized R. rosea extract compared to placebo, with reductions in 

depression scale stores [35]. 

In a comparative trial against sertraline, both treatments reduced depressive symptoms; 

although sertraline was slightly more effective, R. rosea demonstrated better tolerability [36]. 

Synergistic benefits were observed in studies where R. rosea was combined with sertraline, 

resulting in enhanced symptom relief compared to either treatment alone [37]. These studies 

used extract doses ranging from 340 to 680 mg per day over 6 to 12 weeks. Despite some 

inconsistencies, results generalny indicato meaningful mood improvements and favorable 

safety profiles [35,36,37]. 

R. rosea has been well tolerated with few reported side effects, primarily mild 

gastrointestinal disturbances or headache. Its side effect profile compares favorably with 

standard antidepressants, with the added advantage of lower risk of sedation or sexual 

dysfunction [38]. 

Despite encouraging data, limitations exist: many clinical trials feature small sample sizes 

and limited duration, with varying extract formulations and dosage regimens. Consequently, 

clinical guidelines (e.g. CANMAT) do not currently endorse R. rosea as a first-line treatment 

for major depressive dis order [39]. More rigorous, large-scale randomized controlled trials are 

required to firmy establish it as a viable antidepressant option. 

 

6. Antistress and Anxiolytic Properties 

Rhodiola rosea is a well-studied adaptogenic plant recognized for its ability to enhance the 

body’s resilience to various stressors. Its psychotropic activity is associated with modulating 

the hypothalamic–pituitary–arenal (HPA) axis, regulating neurotransmitter levels, and 

improving cellular stress responses [32,33].  

Chronic stress disrupts the function of the HPA axis, leading to elevated cortisol levels and 

impaired feedback mechanisms. Animal studies indicate that administration of R. rosea extracts 
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reduces plasma corticosterone and corticotropin-releasing factor (CRF), potentially 

normalizing stress responses by modulating glucocorticoid receptor expression in the brain [40]. 

Furthermore, it was shown to attenuate stress-induced activation of the locus coeruleus and 

amygdala – key regions involved in anxiety and arousal [1,40]. 

The adaptogenic effects of R. rosea are partially attributed to upregulation of cellular 

protective proteins such as heat shock proteins (Hsp70), which are involved in maintaining 

protein integrity during stress exposure. Salidroside, a key bioactive compound in R. rosea, also 

influences redox balance by enhancing antioxidant enzyme activity and reducing oxidative 

stress markers in the central nervous system [40,41]. This molecular activity supports neuronal 

survival under stress conditions and contributes to its anxiolytic properties. 

In a 10-week open-label pilot trial, patients with generalized anxiety disorder (GAD) who 

received 340 mg per day of R. rosea extract experienced moderate improvements in anxiety 

symptoms as assessed by the Hamilton Anxiety Rating Scale (HAM-A) [40]. Although limited 

by the lack of a control group, the results suggest therapeutic potential for anxiety-related 

disorders. 

Another randomized, placebo-controlled study involving individuals with mild anxiety 

symptoms demonstrated that a two-week supplementation with 400 mg per day of R. rosea 

significantly reduced scores related to anxiety, stress, anger, and confusion [42]. Participants 

also reported improved mental performance under stress, supporting its application in 

occupational or academic stress contexts. 

A multicenter, open-label trial suggests that daily supplementation of R. rosea extract over 

12 weeks may significantly reduce burnout-related symptoms – especially fatigue, stress 

perception, and emotional exhaustion – often within the first week. It also supports 

improvements in mood, sexual health, cognitive alertness, and daily functioning [43].  

R. rosea demonstrates a high safety profile in human studies. Adverse events are rare and 

typically mild, such as transient dizziness or dry mouth. Compared to pharmaceutical 

anxiolytics, the absence of sedative effects or dependency risk makes it a promising alternative 

for long-term use in stress and anxiety management [40,42,44]. 

 

7. Effects on Physical and Cognitive Performance 

Rhodiola rosea is widely studied for its capacity to improve both physical endurance and 

cognitive functions, particularly under conditions of stress and fatigue.  
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Studies have shown that R. rosea supplementation can improve physical endurance by 

reducing perceived exertion and enhancing recovery. In randomized controlled trials, subjects 

receiving standarized R. rosea extract demonstrated increased time to exhaustion during 

exercise tests compared to placebo [35]. The adaptogenic properties are attributed to improved 

mitochondrial efficiency and reduced oxidative damage in muscle tissues, resulting in better 

energy metabolism [1]. Several studies have demonstrated that R. rosea supplementation leads 

to significant reductions in biomarkers indicative of muscle damage and inflammation. 

Specifically, decreases in C-reactive protein (CRP) were observed at 5 hours and 5 days post-

exercise. Additionally, reductions in lactate and creatine kinase (CK) levels were particularly 

evident in trained athletes [45].  

Moreover, R. rosea may contribute to faster recovery by modulating stress hormones such 

as cortisol, which typically increase during intense physical activity. Reduced cortisol levels 

lead to less muscle catabolism and inflammation, thus supporting better regeneration after 

excersise [41]. 

Cognitive performance, particularly attention, memory, and mental fatigue, can be 

impaired under stress. Clinical studies reveal that R. rosea intake improves mental performance 

during fatigue-inducing conditions by enhancing focus, memory recall, and mental endurance 

[42]. For instance, participants undergoing mentalny demanding tasks showed faster reaction 

times and better accuracy after R. rosea supplementation compared to placebo [46]. 

These cognitive benefits are linked to R.rosea’s ability to modulate neurotransmitter 

systems which play key roles in attention and mood regulation [40]. Furthermore, by reducing 

the subjective feeling of fatigue, R. rosea helps sustain cognitive function in stressful or 

exhausting situations [42]. 

At the cellular level, salidroside and rosavin – the main active compound of R. rosea – 

have antioxidant and anti-inflammatory effects that protect neurons from damage incuced by 

oxidative stress [1]. These effects preserve brain function and support sustained cognitive 

activity. Animal models have demonstrated that R. rosea reduces markers of oxidative stress 

and improves neurotransmitter balance in brain regions responsible for learning and memory 

[41]. 

In a study involving physical exercise, R. rosea extract improved endurance by 

approximately 20% and reduced fatigue perception [35]. Cognitive tests performer during 

periods of mental stress showed significant improvements in concentration and memory recall 
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after supplementation with R. rosea [42,46]. Daily dosing (1,500-2,400 mg/day) for 4-30 days 

demonstrated ergogenic effects in both trained and untrained adults – improving sprint cycles 

and resistance-training performance [47]. 

Variability in results across studies may be due to differences in dosage, bioactive 

compound content, participant fitness, and exercise type. No significant adverse effects were 

reported, supporting its use as a safe cognitive and physical enhancer [35,42,47]. 

 

8. Summary of Medical Applications and Clinical Relevance 

Rhodiola rosea has been widely studied for its potential to address various medical 

conditions, particularly those related to stress, fatigue, mood disorders, and cognitive 

impairment. As an adaptogen, it supports the body’s resilience to physical and psychological 

stressors, thus improving overall health and functional capacity. 

One of the most prominent clinical applications of R. rosea is in the treatment of fatigue 

and burnout syndrome. Clinical trials have demonstrated that supplementation with Rhodiola 

extracts can significantly reduce symptoms of chronic fatigue and improve energy metabolism 

in affected individuals [4,33,43]. These effects are attributed to its ability to modulate stress 

hormones such as cortisol and enhance mitochondrial function, resulting in improved cellular 

energy production [6,10]. 

Moreover, R. rosea exhibits antidepressant and anxiolytic properties, which have been 

validated in randomized controlled trials. Patients suffering from mild to moderate depression 

reported improved mood, reduced anxiety, and enhanced quality of life following Rhodiola 

administration, with a favorable safety profile [35,38]. 

R. rosea shows potential as a complementary treatment for insomnia, primarily due to its 

adaptogenic effects that mitigate stress and improve overall sleep quality [48]. 

In the realm of cognitive performance, Rhodiola has shown promise in enhancing mental 

clarity, focus, and memory. Several studies indicato that Rhodiola supplementation can improve 

cognitive function, especially under stressful conditions, by reducing mental fatigue and 

supporting neuroplasticity [49]. These benefits make it a candidate for adjunct therapy in 

neurodegenerative diseases and age-related cognitive decline [21]. Some results underscore the 

therapeutic potential of salidroside as a promising candidate for mitigating neurodenegeration 

associated with Parkinson’s disease [50]. 
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Beyond neuropsychiatric conditions, Rhodiola’s adaptogenic effects extend to 

cardiovascular health, where it contributes to improved endurance and recovery in patients with 

ischemic heart disease. It exerts cardioprotective effects through anti-inflammatory and 

antioxidant pathways, potentially lowering the risk of cardiac events during stress [10,51]. 

Research on R. rosea extract in experimental models of arthritis indicates that its 

administration leads to a significant reduction in clinical symptoms and histopathological 

markers of joint inflammation, accompanied by downregulation of key pro-inflammatory 

cytokines. These results support the potential of R. rosea as an adjunctive therapeutic agent in 

the treatment of inflammatory conditions such as rheumatoid arthritis [52]. 

R. rosea shows promising anticancer properties through antioxidant protection, 

inflammation reduction, apoptosis induction, and tumor suppression in preclinical studies. 

While not a cure or standalone therapy, it may have preventive or supportive benefits in cancer 

care, pending further human research [43]. 

Salidroside confers neuroprotective effects in a rat model of cerebral ischemia/reperfusion 

injury, primarily through the modulation of oxidative stress pathways and the dopaminergic 

system. These findings underscore the potential of salidroside as a therapeutic candidate for the 

treatment of ischemic stroke [53]. 

R. rosea is increasingly recognized as a natural compound with selective estrogen receptor 

modulating properties, potentially beneficial in addressing menopausal symptoms [24]. 

The clinical relevance of R. rosea is further supported by its minimal adverse effects and 

low toxicity profile, which contrast favorably with conventional pharmacological agents used 

in managing depression and fatigue [10,41]. This makes it an attractive complementary 

treatment option in integrative medicine. 

In summary, R. rosea’s multifaceted pharmacological action underpin its medical 

applications, particularly in stress-related disorders, mood regulation, cognitive enhancement, 

and cardiovascular support. Ongoing research continues to elucidate its full therapeutic 

potential and optimize its clinical use.  

 

9. Limitations and Future Perspectives  

Despite the promising therapeutic potential of Rhodiola rosea, several limitations 

currently restrict its broader clinical application and understanding. One major challenge is the 

variability in the quality and standarization of Rhodiola extracts used across different studies. 
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Differences in extraction methods, plant origin, and active compound concentrations (such as 

rosavin and salidroside) can significantly impact the consistency and reproducibility of clinical 

outcomes [1,33]. This variability complicates direct comparison of results and the formulation 

of standarized dosing guidelines. 

Another limitation lies in the relatively small scale and heterogeneity of clinical trials 

investigating Rhodiola’s effects. Many studies suffer from limited sample sizes, short 

intervention durations, and diverse participant populations, which can restrict the 

generalizability of findings [35,38]. Furthermore, most trials have focused on mild to moderate 

conditions, leaving a gap in knowledge about Rhodiola’s efficacy in severe or chronic illnesses, 

as well as its long-term safety profile [54]. 

While the molecular mechanisms underlying Rhodiola’s adaptogenic effects have been 

partially elucidated, there is still incomplete understanding of its pharmacodynamics and 

interactions with other medications, especially in populations with comorbidities or 

polypharmacy [6]. More comprehensive pharmacokinetic and mechanistic studies are needed 

to optimize therapeutic regimens and ensure safety.  

Looking forward, future research should prioritize large-scale, multicenter, randomized 

controlled trials with standardized Rhodiola preparations to validate clinical efficacy and 

establish evidence-based dosing recommendations. Investigating Rhodiola’s potential 

synergistic effects with conventional therapies could also enhance its application in integrative 

medicine [55]. Additionally, exploring its benefits in neurodegenerative diseases, 

cardiovascular conditions, and immune regulation presents promising avenues for expanding 

its clinical relevance [1,40,41]. 

Advancements in bioanalytical techniques and molecular biology will further elucidate 

Rhodiola’s bioactive compounds and their mechanisms of action, potentially leading to the 

development of novel derivatives or formulations with improved efficacy and safety profiles. 

Moreover, personalized medicine approaches considering genetic, metabolic, and 

environmental factors may optimize Rhodiola-based interventions tailored to individual patient 

needs [1,13,40]. 

In conclusion, while R. rosea shows significant potential as an adaptogen with diverse 

medical applications, addressing current limitations through rigorous research will be essential 

to fully harness its therapeutic benefits and integrate it into mainstream clinical practice.  
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10. Conclusions 

Rhodiola rosea is a promising adaptogenic herb with a broad spectrum of beneficial effects 

on physical and cognitive performance, stress resilience, and overall health. The accumulated 

evidence from clinical and preclinical studies demonstrates its potential in alleviating fatigue, 

improving mood disorders such as mild to moderate depression, and enhancing cognitive 

functions, especially under stress [4,12,33]. Its pharmacological actions – mediated through 

modulation of stress hormones, neurotransmitter systems, mitochondria protection, and 

antioxidant effects – provide a plausible biological basis for its efficacy [6,35,46]. 

Moreover, R. rosea’s favorable safety profile and low toxicity make it an attractive adjunct 

or alternative to conventional therapies for stress-related conditions and neuropsychiatric 

disorders [36,38]. Its role in supporting cardiovascular health and potentially slowing cognitive 

decline in aging and neurodegeneration further expands its clinical relevance [13,33,40,41]. 

Despite these positive findings, limitations such as variability in extract standarization, 

limited large-scale clinical trials, and incomplete understanding of its pharmacokinetics and 

long-term effects call for further rigorous research [12,40,41]. Future studies should focus on 

optimizing dosing regiments, confirming efficacy in diverse populations, and exploring 

synergistic use with established therapies. 

In conclusion, R. rosea stands out as a valuable natural adaptogen with multifaceted 

therapeutic applications. Continued investigation and standarized clinical evaluation will be 

crucial for integrating this ancient medicinal plant into modern evidence-based medical practice. 
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