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ABSTRACT 
Adrenal insufficiency is a condition marked by insufficient adrenal hormone production, leading to fatigue, 
hypotension, and metabolic imbalances. Conventional treatment mainly involves hormone replacement therapy, but 
increasing interest in complementary medicine has highlighted adaptogenic herbs as potential therapeutic options. 
Adaptogens such as Rhodiola rosea, Withania somnifera (Ashwagandha), Panax ginseng, and Eleutherococcus 
senticosus help modulate stress response systems, support adrenal function, and improve resilience to chronic stress. 
This review explores the pathophysiology of adrenal insufficiency, mechanisms of action of key adaptogenic herbs, 
and available clinical and preclinical evidence supporting their use. Additionally, it examines safety profiles, 
recommended dosages, and potential interactions with conventional treatments. While preliminary studies suggest 
adaptogens may enhance adrenal health and stress adaptation, more rigorous clinical trials are needed to confirm 
efficacy and establish standardized guidelines. Future research should focus on long-term safety, optimal dosages, 
and integration with traditional therapies to maximize therapeutic benefits. 
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INTRODUCTION 

The adrenal glands are vital endocrine organs responsible for producing glucocorticoids, mineralocorticoids, and 
androgens, which regulate metabolism, immune response, blood pressure, and stress adaptation [1]. These glands 
maintain homeostasis through their intricate interactions with the hypothalamic-pituitary-adrenal (HPA) axis. 
Adrenal insufficiency occurs when these glands fail to produce adequate hormones, leading to widespread 
physiological disturbances [2]. This condition is classified into primary adrenal insufficiency (Addison’s disease), 
where the adrenal glands are directly affected, and secondary adrenal insufficiency, which arises from impaired 
pituitary or hypothalamic signaling, often due to prolonged corticosteroid use, tumors, infections, or traumatic brain 
injury [3]. The hallmark symptoms of adrenal insufficiency include chronic fatigue, muscle weakness, weight loss, 
hypotension, hypoglycemia, and electrolyte imbalances, which can significantly impact daily functioning and quality 
of life [4]. The primary treatment involves corticosteroid replacement therapy, which helps restore hormone levels 
and alleviate symptoms. However, long-term corticosteroid use is associated with adverse effects such as 
osteoporosis, immune suppression, metabolic dysfunction, and increased cardiovascular risks. Consequently, patients 
and healthcare practitioners have been exploring alternative and complementary therapies to enhance adrenal 
function and mitigate these side effects [5,6]. Among these complementary approaches, adaptogenic herbs have 
gained significant attention due to their ability to enhance the body's resilience to stress. Traditionally used in 
Ayurvedic and Traditional Chinese Medicine, adaptogens such as Rhodiola rosea, Withania somnifera 
(Ashwagandha), Panax ginseng, and Eleutherococcus senticosus have been reported to modulate the HPA axis, 
balance cortisol levels, and improve energy metabolism [7]. These herbs are believed to support adrenal function 
by reducing oxidative stress, enhancing mitochondrial efficiency, and improving overall stress adaptation. Given the 
increasing prevalence of adrenal dysfunction and the limitations of conventional treatments, there is a growing 
interest in integrating adaptogenic herbs as supportive therapy [8]. This review aims to explore the 
pathophysiology of adrenal insufficiency, the mechanisms of action of key adaptogens, and the scientific evidence 
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supporting their use. Additionally, considerations regarding safety, potential drug interactions, and optimal dosages 
will be discussed. While emerging research suggests promising benefits, further clinical studies are necessary to 
validate their efficacy and establish standardized guidelines for their therapeutic application. 

Pathophysiology of Adrenal Insufficiency 
Adrenal insufficiency is a condition characterized by inadequate cortisol production, which plays a vital role in 
regulating metabolism, immune function, and the stress response [9]. The condition can be classified into primary 
and secondary adrenal insufficiency, each with distinct causes and mechanisms. Primary adrenal insufficiency, also 
known as Addison’s disease, results from direct damage to the adrenal cortex, leading to reduced secretion of 
glucocorticoids, mineralocorticoids, and androgens [10,11]. The most common cause is autoimmune adrenalitis, 
where the immune system mistakenly attacks adrenal tissue. Other causes include infections such as tuberculosis, 
fungal infections, and adrenal hemorrhage. In rare cases, genetic disorders like congenital adrenal hyperplasia or 
adrenoleukodystrophy can contribute to adrenal insufficiency [12]. Secondary adrenal insufficiency occurs due to 
inadequate production of adrenocorticotropic hormone (ACTH) by the pituitary gland, leading to insufficient 
stimulation of the adrenal glands [13]. This can be caused by prolonged use of exogenous glucocorticoids, which 
suppress ACTH production, as well as pituitary tumors, surgery, radiation therapy, or traumatic brain injury 
affecting the hypothalamic-pituitary axis. The clinical manifestations of adrenal insufficiency are largely due to 
cortisol deficiency and, in primary cases, aldosterone deficiency. Common symptoms include chronic fatigue, muscle 
weakness, unintended weight loss, hypotension, dizziness, and electrolyte imbalances, such as hyponatremia and 
hyperkalemia [14,15]. Patients may also experience nausea, abdominal pain, and cravings for salt. If left untreated, 
adrenal insufficiency can lead to an adrenal crisis, a life-threatening condition characterized by severe hypotension, 
dehydration, and shock. Understanding the pathophysiology of adrenal insufficiency is essential for accurate 
diagnosis and effective management [16]. Prompt recognition and appropriate treatment, including hormone 
replacement therapy, are crucial in preventing complications and improving patient outcomes. 

Adaptogenic Herbs: Mechanisms of Action 
Adaptogens are natural compounds that help the body adapt to physical, chemical, and biological stressors by 
modulating stress response systems, particularly the hypothalamic-pituitary-adrenal (HPA) axis [17]. They 
regulate cortisol production, enhance mitochondrial efficiency, and promote overall resilience to stress. These herbs 
have been traditionally used in Ayurvedic and Traditional Chinese Medicine to improve energy levels, cognitive 
function, and immune response. Rhodiola rosea contains active compounds such as salidroside and rosavins, which 
influence HPA axis regulation, lower cortisol levels, and support mental and physical endurance. Studies suggest 
that Rhodiola rosea enhances energy metabolism, improves cognitive performance, and increases resistance to 
fatigue, making it a valuable adaptogen for stress management and adrenal health [18]. Withania somnifera 
(Ashwagandha) is rich in withanolides, which have been shown to reduce oxidative stress, enhance 
adrenocorticotropic hormone (ACTH) signaling, and stabilize cortisol levels. This herb supports adrenal recovery, 
promotes relaxation, and has neuroprotective properties, making it beneficial for individuals experiencing chronic 
stress and adrenal dysfunction [19]. Panax ginseng contains ginsenosides that enhance HPA axis function, regulate 
glucose metabolism, and provide anti-inflammatory effects. It has been used to improve endurance, reduce stress-
related fatigue, and support overall adrenal function, contributing to metabolic and immune balance [20]. 
Eleutherococcus senticosus, commonly known as Siberian ginseng, has adaptogenic properties that enhance stamina, 
regulate stress hormones, and strengthen immune response. It has been shown to improve endurance, reduce mental 
fatigue, and assist in balancing adrenal function by modulating stress-induced hormonal fluctuations [21] 
Understanding the mechanisms by which adaptogenic herbs influence adrenal function is crucial for their integration 
into complementary therapies. These herbs offer a promising approach to mitigating the effects of chronic stress and 
supporting adrenal health, but further research is needed to establish standardized dosages and long-term safety 
profiles [22,23]. 

Clinical and Preclinical Evidence 
Numerous studies have investigated the efficacy of adaptogenic herbs in managing adrenal dysfunction and stress-
related disorders. Preclinical and clinical research suggests that adaptogens may help regulate the hypothalamic-
pituitary-adrenal (HPA) axis, improve cortisol balance, and enhance overall resilience to stress [24,25]. Rhodiola 
rosea has been extensively studied for its stress-reducing properties. Clinical trials indicate that Rhodiola rosea 
supplementation improves cognitive performance, enhances physical endurance, and lowers cortisol levels in 
individuals experiencing chronic stress. Additionally, it has been found to reduce symptoms of fatigue and burnout, 
making it a promising intervention for adrenal support [26] Withania somnifera (Ashwagandha) has demonstrated 
significant benefits in reducing fatigue, improving stress tolerance, and stabilizing cortisol levels. Clinical studies 
have shown that Ashwagandha supplementation reduces symptoms of anxiety and depression, enhances sleep 
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quality, and promotes adrenal recovery. It is particularly effective in individuals with chronic stress and adrenal 
exhaustion [27] Panax ginseng has been linked to improved cortisol homeostasis and enhanced endurance. Studies 
suggest that its ginsenosides contribute to better physical and mental performance, regulate glucose metabolism, 
and support immune function. It is also known to exhibit anti-inflammatory properties, which may be beneficial in 
adrenal health and overall well-being [28] Eleutherococcus senticosus (Siberian ginseng) has been reported to 
improve stress adaptation and immune resilience in both human and animal studies. Research suggests that it 
enhances endurance, reduces mental fatigue, and modulates stress hormone levels. It has been used to promote 
recovery from physical and psychological stressors, making it a valuable adaptogen for adrenal support. While 
preliminary findings indicate promising benefits, further large-scale clinical trials are necessary to confirm efficacy, 
determine optimal dosages, and assess long-term safety. Continued research will help establish adaptogens as a 
complementary therapy for adrenal insufficiency and stress-related disorders [29-31]. Adaptogenic herbs have been 
traditionally used to enhance the body's resilience to stress and support adrenal function. Recent studies have 
explored their potential benefits in managing adrenal insufficiency and stress-related disorders. Here are eight recent 
and relevant references.  

Safety and Potential Interactions 

Adaptogenic herbs are generally considered safe and well-tolerated, but they may interact with certain medications, 
particularly corticosteroids, antihypertensives, and anticoagulants [32]. These interactions can potentially alter 
drug metabolism and efficacy, requiring careful consideration when integrating adaptogens into treatment regimens 
[33]. While most individuals experience minimal side effects, high doses of adaptogens may cause mild 
gastrointestinal discomfort, insomnia, dizziness, or allergic reactions. People with preexisting conditions, including 
hypertension, diabetes, or autoimmune disorders, should exercise caution, as adaptogens may influence blood 
pressure, glucose levels, and immune function [34]. Medical supervision is advised for individuals with adrenal 
insufficiency who are considering adaptogenic therapy, particularly those already undergoing conventional 
treatment. Personalized dosing and monitoring can help minimize risks and optimize benefits. Further research is 
needed to establish standardized guidelines for safe use, particularly regarding long-term effects and potential drug-
herb interactions. 

CONCLUSION 
Adaptogenic herbs provide a promising complementary approach to supporting adrenal function and stress 
resilience. Preliminary evidence suggests their potential benefits, but further large-scale clinical trials are needed to 
confirm efficacy, establish standardized dosages, and evaluate long-term safety. Future research should explore 
underlying mechanisms and personalized strategies for integrating adaptogens with conventional therapies. A well-
balanced approach combining adaptogens with medical supervision may enhance adrenal health and improve patient 
outcomes in adrenal insufficiency management. 
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