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ABSTRACT: Rosmarinic acid, a key component of Rosemary (Rosmarinus 

officinalis), holds significant promise as an adaptogen in herbal medicine, offering a 

natural remedy to counteract stress's wide-ranging impacts on health. This abstract 

explores rosmarinic acid's pharmacological activities, emphasizing its modulation of 

the hypothalamic-pituitary-adrenal (HPA) axis, regulation of neurotransmitters, 

antioxidant and anti-inflammatory effects, and enhancement of mitochondrial 

function. Integrating insights from traditional medicine like Ayurveda and 

Traditional Chinese Medicine (TCM), alongside modern scientific validation, 

highlights Rosemary's evolution from culinary herb to medicinal powerhouse. 

Structurally, rosmarinic acid's stability, facilitated by its ester-bonded dual phenolic 

rings, supports its therapeutic efficacy. Experimental studies underscore its ability to 

reduce cortisol levels, bolster stress resilience, stabilize mood, and enhance cognitive 

function by influencing neurotransmitter systems. Moreover, its robust antioxidant 

and anti-inflammatory properties, validated across in vitro, animal models, and 

clinical trials, suggest potential applications in preventing oxidative stress and 

inflammation-linked diseases. By promoting mitochondrial biogenesis and activating 

the AMPK pathway, rosmarinic acid enhances cellular energy production, further 

fortifying resilience to stressors. In summary, rosmarinic acid emerges as a versatile 

compound, offering holistic health benefits and promising avenues for botanical 

interventions in stress-related disorders and age-associated ailments, warranting 

continued exploration into its therapeutic mechanisms and applications. 

INTRODUCTION: Adaptogens stand as a beacon 

of hope in the realm of modern herbal medicine, 

offering a natural approach to combating the 

pervasive effects of stress on human health.  
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These remarkable botanical compounds possess the 

unique ability to enhance the body's resilience to 

stressors while promoting overall well-being, 

without causing significant side effects or 

disturbances in normal bodily functions. Rooted in 

ancient healing traditions and validated by modern 

scientific research, Adaptogens represent a holistic 

paradigm shift in our understanding of health and 

wellness
 1

. The concept of Adaptogens transcends 

cultural boundaries, with diverse traditions from 

around the world recognizing the restorative 

properties of certain herbs and plants.  
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In Ayurveda, the traditional medicine system of 

India, adaptogenic herbs such as Ashwagandha and 

Tulsi have been revered for their ability to 

rejuvenate the body and mind, promoting vitality 

and longevity
 2

. Similarly, Traditional Chinese 

Medicine (TCM) has long utilized herbs like 

Ginseng and Rhodiola to fortify the body's 

resistance to stress and disease, guiding individuals 

towards a state of balance and harmony
 1, 3

. 

In the modern era, the scientific exploration of 

adaptogens has provided valuable insights into their 

mechanisms of action and therapeutic potential. 

Through rigorous experimentation and clinical 

studies, researchers have unravelled the intricate 

pathways through which adaptogens exert their 

beneficial effects on the body. At the forefront of 

this research stands Rosemary (Rosmarinus 

officinalis), a botanical treasure revered for its 

adaptogenic properties and multifaceted health 

benefits
 4

. Rosemary's journey from culinary herb 

to medicinal marvel is a testament to its enduring 

legacy and profound healing potential. Beyond its 

aromatic allure and culinary versatility, Rosemary 

boasts a rich pharmacological profile, teeming with 

bioactive compounds that confer a spectrum of 

therapeutic effects. At the heart of Rosemary's 

adaptogenic prowess lies rosmarinic acid, a 

phenolic compound endowed with remarkable 

pharmacological properties
 5

. 

In this exploration, we embark on a journey into the 

depths of Rosemary's adaptogenic properties, 

shedding light on the intricate mechanisms through 

which rosmarinic acid and other constituents of 

Rosemary exert their beneficial effects on the body. 

From the modulation of stress response pathways 

to the enhancement of mitochondrial function,
 6 

Rosemary emerges as a formidable ally in the quest 

for resilience and vitality in the face of life's myriad 

challenges. As we delve deeper into the scientific 

intricacies of Rosemary's adaptogenic action, we 

gain a greater appreciation for the profound healing 

potential of nature's botanical treasures. 

Concept of Adaptogens: Adaptogens, a class of 

botanical compounds, possess unique Pharma-

cological properties that enable the body to adapt to 

stressors while maintaining homeostasis
 7

. These 

remarkable substances modulate various 

physiological pathways involved in the stress 

response, inflammation, and oxidative stress, 

thereby enhancing the body's ability to cope with 

external and internal stressors
 8

. What distinguishes 

adaptogens from other herbal remedies is their 

ability to exert these effects without causing 

significant side effects or disturbances in normal 

bodily functions, making them safe and well-

tolerated even with prolonged use. 

Within the realm of adaptogens, there exists a 

distinction between primary and secondary 

Adaptogens 
9
. Primary adaptogens, such as 

Ginseng and Rhodiola, are characterized by their 

broad-spectrum effects on physiological functions 

and their ability to enhance overall resilience to 

stress
 10

. These herbs exert their actions through 

modulation of the hypothalamic-pituitary-adrenal 

(HPA) axis, regulation of neurotransmitter activity, 

and enhancement of cellular energy production, 

among other mechanisms
 11

. Secondary adaptogens, 

on the other hand, exhibit more specific effects on 

particular systems or organs within the body. While 

they may not possess the same breadth of action as 

primary adaptogens, they nonetheless offer 

valuable therapeutic benefits in targeted areas, such 

as immune function or cognitive performance
 1

. 

Rosemary (Rosmarinus officinalis) occupies a 

unique position within the realm of adaptogens, 

exhibiting properties that align with both primary 

and secondary adaptogens 
12

.  

On one hand, Rosemary demonstrates broad-

spectrum effects on physiological function, 

enhancing resilience to stress through modulation 

of the HPA axis, regulation of neurotransmitter 

activity, and promotion of antioxidant defences 
4
. 

These actions place Rosemary squarely within the 

realm of primary adaptogen offering 

comprehensive support for overall well-being. At 

the same time, Rosemary also exhibits more 

specific effects on particular systems within the 

body, further reinforcing its status as an adaptogen. 

For example, Rosemary has been shown to possess 

neuroprotective properties, supporting cognitive 

function and mitigating the effects of stress on the 

nervous system. Additionally, Rosemary's 

antimicrobial and immunomodulatory effects 

contribute to its role as a secondary Adaptogens, 

offering targeted support for immune function and 

microbial balance
 13

.  



Manikyam et al., IJPSR, 2025; Vol. 16(1): 47-57.                                          E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              49 

In essence, Rosemary embodies the multifaceted 

nature of Adaptogens, offering a blend of broad-

spectrum and targeted effects that promote 

resilience and vitality across various aspects of 

health. Whether utilized as a culinary herb, 

aromatic essential oil, or dietary supplement, 

Rosemary stands as a potent ally in the quest for 

holistic well-being in the face of life's challenges. 

Rosmarinic Acid: A Key Player: Rosmarinic 

acid, a phenolic compound abundantly found in 

Rosemary (Rosmarinus officinalis), serves as a 

cornerstone in the herb's adaptogenic arsenal 
14

. Its 

intricate chemical structure and diverse 

pharmacological activities contribute to Rosemary's 

multifaceted therapeutic effects. This section delves 

into the biosynthesis, structure, and Pharma-

cological actions of rosmarinic acid, elucidating its 

pivotal role in Rosemary's adaptogenic properties
 

15
. 

Biosynthesis of Rosmarinic Acid: The 

biosynthesis of rosmarinic acid in Rosemary plants 

involves a series of enzymatic reactions within 

specialized cellular compartments known as 

glandular trichomes. These glandular structures, 

primarily located on the leaves and stems of 

Rosemary, house the enzymes responsible for 

synthesizing rosmarinic acid from precursor 

molecules such as caffeic acid and 3,4-

dihydroxyphenyllactic acid
 16

. The key enzymes 

involved in this biosynthetic pathway include 

phenylalanine ammonia-lyase (PAL), cinnamate 4-

hydroxylase (C4H), and rosmarinic acid synthase 

(RAS)
 17

. Through a series of sequential reactions, 

these enzymes catalyse the conversion of precursor 

molecules into rosmarinic acid, ultimately leading 

to its accumulation within the plant tissues. 

Chemical Structure of Rosmarinic Acid: 

Rosmarinic acid belongs to the class of phenolic 

acids, characterized by a phenyl ring with one or 

more hydroxyl groups attached. Structurally, 

rosmarinic acid consists of two phenolic rings 

linked by an ester bond, with a hydroxyl group at 

the C3 position of one phenolic ring and a carboxyl 

group at the C4 position of the other
 15

.
  

This unique arrangement confers stability to 

rosmarinic acid and enables it to exert its 

pharmacological effects within the body. 

Pharmacological Activities of Rosmarinic Acid: 

Rosmarinic acid exerts its adaptogenic effects 

through a variety of mechanisms, targeting key 

physiological pathways involved in stress response, 

inflammation, and oxidative stress
 18

. 

Modulation of the Hypothalamic-Pituitary-

Adrenal (HPA) Axis: Rosmarinic acid influences 

the activity of enzymes involved in cortisol 

metabolism, such as 11-beta-hydroxysteroid 

dehydrogenase (11β-HSD), thereby modulating the 

activity of the HPA axis
 11, 19

. By regulating cortisol 

levels, rosmarinic acid helps maintain homeostasis 

and mitigate the adverse effects of chronic stress on 

physiological function
 11

. 

Regulation of Neurotransmitter Activity: 
Rosmarinic acid modulates neurotransmitter 

activity by regulating the expression and activity of 

enzymes involved in neurotransmitter synthesis and 

metabolism, including monoamine oxidase (MAO) 

and catechol-O-methyltransferase (COMT)
 13

. By 

maintaining optimal neurotransmitter levels, 

rosmarinic acid supports mood stabilization and 

stress resilience. 

Antioxidant and Anti-inflammatory Effects: 
Rosmarinic acid exhibits potent antioxidant and 

anti-inflammatory properties, scavenging free 

radicals and inhibiting pro-inflammatory mediators 

such as cyclooxygenase (COX) and inducible nitric 

oxide synthase (iNOS)
 20

. Through these actions, 

rosmarinic acid protects cells from oxidative 

damage and inflammation, promoting overall 

health and resilience. 

Modulation of Mitochondrial Function: 
Rosmarinic acid enhances mitochondrial function 

by promoting mitochondrial biogenesis and 

improving energy production
 21

. It achieves this by 

activating pathways such as peroxisome 

proliferator-activated receptor gamma coactivator 

1-alpha (PGC-1α) and adenosine monophosphate-

activated protein kinase (AMPK)
 21

. By optimizing 

mitochondrial function, rosmarinic acid supports 

cellular resilience and vitality, enabling the body to 

cope more effectively with stressors. In summary, 

rosmarinic acid emerges as a central component 

responsible for Rosemary's adaptogenic effects, 

exerting its pharmacological activities through 

modulation of various physiological pathways.  
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Its ability to modulate the HPA axis, regulate 

neurotransmitter activity, exert antioxidant and 

anti-inflammatory effects, and enhance 

mitochondrial function underscores its significance 

in promoting resilience and well-being in the face 

of stress. As research continues to unravel the 

intricacies of rosmarinic acid's therapeutic 

potential, its role as a key player in Rosemary's 

adaptogenic properties becomes increasingly 

evident. 

Modulation of the HPA Axis: Scientific 

Evidence: The hypothalamic-pituitary-adrenal 

(HPA) axis serves as a central neuroendocrine 

system orchestrating the body's response to stress
 

22
. Its dysregulation has been implicated in various 

stress-related disorders, highlighting the 

importance of understanding how natural 

compounds like rosmarinic acid modulate its 

activity. 

Role of Cortisol in Stress Response: Cortisol, the 

primary glucocorticoid hormone released by the 

adrenal glands in response to stress, plays a pivotal 

role in coordinating physiological responses to 

stressors
 23

. It regulates metabolic, immune, and 

cardiovascular functions, ensuring the body's 

ability to adapt to acute and chronic stressors
 23

. 

However, dysregulated cortisol levels can lead to 

adverse health outcomes, including metabolic 

disturbances, immune dysfunction, and psychiatric 

disorders
 23

. 

Influence of Rosmarinic Acid on Cortisol 

Metabolism: Rosmarinic acid, a phenolic 

compound abundant in Rosemary, has garnered 

attention for its potential to modulate cortisol 

metabolism and HPA axis activity. Several studies 

have investigated the effects of Rosemary extract 

and rosmarinic acid on cortisol levels and HPA axis 

function in both animal and human models
 24

. 

Evidence from Animal Studies: Animal studies 

have provided compelling evidence of Rosemary's 

ability to modulate the HPA axis and cortisol 

levels. In a laboratory study demonstrated that 

administration of Rosemary extract to rats exposed 

to chronic unpredictable stress resulted in 

normalization of cortisol levels and attenuation of 

HPA axis hyperactivity
 25

. Similarly, in a study, rats 

treated with rosmarinic acid showed reduced HPA 

axis activation and improved stress resilience 

compared to controls
 26

. 

Human Studies: Human studies have also 

supported the potential of Rosemary and rosmarinic 

acid to modulate cortisol levels and HPA axis 

activity. In a randomized controlled trial 

participants who ingested Rosemary extract 

exhibited lower cortisol levels and improved 

cognitive performance compared to placebo
 27

. 

Furthermore, a study found that supplementation 

with a combination of Rosemary extract and other 

herbal ingredients led to significant reductions in 

cortisol levels and perceived stress in healthy adults
 

28
. 

Mechanisms of Action: The modulation of cortisol 

levels by rosmarinic acid may occur through 

various mechanisms. One proposed mechanism 

involves the inhibition of 11-beta-hydroxysteroid 

dehydrogenase (11β-HSD) 
29

, an enzyme involved 

in the conversion of inactive cortisone to active 

cortisol in target tissues. By inhibiting 11β-HSD 

activity, rosmarinic acid may reduce the 

availability of cortisol, thereby modulating HPA 

axis activity and stress response
 30, 31

. 

Regulation of Neurotransmitter Activity: 

Scientific Pathway: Neurotransmitters are 

essential chemical messengers that facilitate 

communication between neurons in the central 

nervous system (CNS) and modulate various 

physiological functions, including mood, cognition, 

and stress response. The intricate balance of 

neurotransmitter levels is crucial for maintaining 

optimal brain function and emotional well-being. 

Rosmarinic acid, a phenolic compound found 

abundantly in Rosemary, exerts its effects on 

neurotransmitter activity through modulation of 

key enzymes involved in neurotransmitter synthesis 

and metabolism, including monoamine oxidase 

(MAO) and catechol-O-methyltransferase (COMT)
 

32
. 

Role of Neurotransmitters in Brain Function: 

Neurotransmitters, such as serotonin, dopamine, 

and norepinephrine, play critical roles in regulating 

mood, cognition, and emotional responses. 

Serotonin is involved in mood regulation, appetite 

control, and sleep-wake cycles, while dopamine is 

associated with reward processing, motivation, and 
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motor control
 33

. Norepinephrine plays a role in 

arousal, attention, and stress response
 34

. 

Imbalances in neurotransmitter levels have been 

implicated in various psychiatric disorders, 

including depression, anxiety, and schizophrenia 
35

. 

Influence of Rosmarinic Acid on 

Neurotransmitter Synthesis and Metabolism: 

Rosmarinic acid modulates neurotransmitter 

activity by targeting enzymes involved in 

neurotransmitter synthesis and metabolism, such as 

monoamine oxidase (MAO) and catechol-O-

methyltransferase (COMT)
 32

. MAO is responsible 

for the degradation of monoamine neuro-

transmitters, including serotonin, dopamine, and 

norepinephrine, while COMT is involved in the 

metabolism of catecholamines, such as dopamine 

and norepinephrine
 36

. 

Evidence from In-vitro Studies: In-vitro studies 

have provided insights into the mechanisms 

underlying the effects of rosmarinic acid on 

neurotransmitter activity. For example, research 

conducted demonstrated that rosmarinic acid 

inhibits the activity of MAO, thereby increasing the 

availability of monoamine neurotransmitters in 

neuronal cells
 37

.
 
 

Animal Studies: Animal studies have further 

elucidated the effects of rosmarinic acid on 

neurotransmitter levels and behaviour. For 

instance, research has found that administration of 

rosmarinic acid to mice led to increased levels of 

serotonin and dopamine in the brain 
38

, 

accompanied by improvements in depressive-like 

behaviour. Similarly, studies demonstrated that 

rosmarinic acid supplementation exerted anxiolytic 

effects in rodents, possibly through modulation of 

neurotransmitter activity
 4

. 

Clinical Evidence: Clinical studies investigating 

the effects of Rosemary and rosmarinic acid on 

neurotransmitter activity in humans are limited but 

promising. For example, a study found that 

inhalation of Rosemary essential oil led to 

improvements in cognitive performance and mood 

in healthy adults, suggesting a potential modulatory 

effect on neurotransmitter activity
 39

. Additionally, 

a randomized controlled trial reported cognitive-

enhancing effects of Rosemary extract in older 

adults, although the specific mechanisms 

underlying these effects require further 

investigation
 25

. 

Detailed Study on Antioxidant and Anti-

inflammatory Effects of Rosmarinic Acid: 

Introduction to Oxidative Stress and 

Inflammation: Oxidative stress and inflammation 

are interconnected processes that play crucial roles 

in the pathogenesis of various diseases, including 

cardiovascular disease, neurodegenerative 

disorders, and cancer. Oxidative stress results from 

an imbalance between the production of reactive 

oxygen species (ROS) and the body's antioxidant 

defences, leading to cellular damage and 

dysfunction
 40

. Inflammation, on the other hand, is 

a complex immune response aimed at combating 

infection and tissue injury but can become 

dysregulated and chronic, contributing to tissue 

damage and disease progression. 

Role of Antioxidants in Health: Antioxidants are 

molecules that neutralize ROS and prevent 

oxidative damage to cellular components such as 

proteins, lipids, and DNA. By scavenging free 

radicals and inhibiting oxidative stress, antioxidants 

help maintain cellular homeostasis and protect 

against age-related diseases and oxidative damage-

associated pathologies
 41

. 

Mechanisms of Action of Rosmarinic Acid as an 

Antioxidant: Rosmarinic acid, a polyphenolic 

compound abundant in Rosemary, exhibits potent 

antioxidant properties through multiple 

mechanisms. Firstly, rosmarinic acid acts as a 

direct scavenger of free radicals, neutralizing ROS 

and preventing oxidative damage to cellular 

structures
 42

. Secondly, it upregulates the 

expression of antioxidant enzymes, such as 

superoxide dismutase (SOD) and glutathione 

peroxidase (GPx), thereby enhancing the cellular 

antioxidant defense system
 43

. Thirdly, rosmarinic 

acid chelates transition metal ions, such as iron and 

copper, which can catalyze the production of ROS 

through Fenton chemistry
 44

. Additionally, 

rosmarinic acid has been shown to inhibit the 

activity of pro-oxidant enzymes, including xanthine 

oxidase and lipoxygenase, further reducing 

oxidative stress
 45

. 

Evidence from In-vitro Studies: Numerous in-

vitro studies have demonstrated the antioxidant 
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activity of rosmarinic acid in various cell and tissue 

models. For example, research showed that 

rosmarinic acid protected neuronal cells against 

hydrogen peroxide-induced oxidative stress by 

increasing intracellular antioxidant enzyme levels 

and reducing lipid Peroxidation
 46

. Similarly, some 

studies reported the antioxidant effects of 

rosmarinic acid in endothelial cells and 

macrophages, respectively, highlighting its 

potential for preventing oxidative damage in 

different cell types
 47

. 

Animal Studies: Animal studies have provided 

further evidence of the antioxidant effects of 

rosmarinic acid in-vivo. For instance, research 

some research demonstrated that administration of 

rosmarinic acid to rats attenuated oxidative stress 

markers and improved antioxidant enzyme activity 

in liver tissue
 48

. Similarly, some studies showed 

that supplementation with rosmarinic acid reduced 

oxidative stress and lipid peroxidation in animal 

models of cardiovascular disease and neuro-

degeneration, respectively
 48

. 

Clinical Evidence: Although limited, clinical 

studies have also suggested the antioxidant 

potential of rosmarinic acid in humans. For 

example, a randomized controlled trial reported 

that supplementation with Rosemary extract 

enriched with rosmarinic acid led to improvements 

in antioxidant status and lipid profile in patients 

with type 2 diabetes 
49

. Similarly, a study found 

that supplementation with Rosemary extract 

containing rosmarinic acid reduced oxidative stress 

markers in patients with rheumatoid arthritis
 50

. 

Anti-inflammatory Effects of Rosmarinic Acid: 

In addition to its antioxidant properties, rosmarinic 

acid exhibits significant anti-inflammatory effects. 

It suppresses the production of pro-inflammatory 

mediators such as cytokines (e.g., tumor necrosis 

factor-alpha, interleukin-6) and prostaglandins by 

inhibiting the activity of inflammatory enzymes 

such as cyclooxygenase (COX) and lipoxygenase 

(LOX)
 51

. Furthermore, rosmarinic acid modulates 

immune cell function and reduces the expression of 

adhesion molecules involved in leukocyte 

recruitment and tissue inflammation. 

Modulation of Mitochondrial Function: A 

Detailed Exploration: Mitochondria, often 

referred to as the cellular powerhouses, are 

dynamic organelles responsible for generating 

adenosine triphosphate (ATP), the primary source 

of energy for cellular processes. Beyond energy 

production, mitochondria play pivotal roles in 

regulating apoptosis, calcium signalling, and 

reactive oxygen species (ROS) production, thus 

influencing cellular resilience to stress. Rosmarinic 

acid, a prominent polyphenolic compound 

abundant in Rosemary, demonstrates remarkable 

potential in enhancing mitochondrial function 

through various mechanisms
 52

, including the 

promotion of mitochondrial biogenesis and 

optimization of energy production. This section 

provides a detailed examination of the molecular 

pathways and cellular processes underlying the 

modulation of mitochondrial function by 

rosmarinic acid. 

Introduction to Mitochondrial Function: 

Mitochondria are multifaceted organelles crucial 

for cellular homeostasis and function. Through 

oxidative phosphorylation (OXPHOS), 

mitochondria convert nutrients into ATP, the 

energy currency of the cell. Moreover, 

mitochondria regulate cellular metabolism, calcium 

signalling, and apoptosis, making them central 

players in cellular resilience and adaptation to 

stressors
 53

. 

Promotion of Mitochondrial Biogenesis: 

Mitochondrial biogenesis refers to the process by 

which new mitochondria are formed within the cell. 

This intricate process involves the coordinated 

expression of nuclear and mitochondrial genes, 

leading to the synthesis of mitochondrial proteins 

and the assembly of functional organelles
 54

.  

Rosmarinic acid has been shown to enhance 

mitochondrial biogenesis through the activation of 

key transcription factors and coactivators, such as 

peroxisome proliferator-activated receptor gamma 

coactivator 1-alpha (PGC-1α)
 55

. PGC-1α serves as 

a master regulator of mitochondrial biogenesis, 

orchestrating the expression of genes involved in 

mitochondrial replication, transcription, and protein 

import. By upregulating PGC-1α expression and 

activity, rosmarinic acid stimulates the synthesis of 

new mitochondria, thereby enhancing cellular 

energy production and resilience
 55

. 
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Activation of AMPK Signalling Pathway: The 

adenosine monophosphate-activated protein kinase 

(AMPK) signalling pathway is a critical regulator 

of cellular energy homeostasis and mitochondrial 

function. AMPK activation occurs in response to 

cellular energy depletion, leading to the 

phosphorylation of downstream targets involved in 

energy metabolism and mitochondrial biogenesis
 55

.  

Rosmarinic acid has been shown to activate AMPK 

signalling
 55,

 thereby promoting mitochondrial 

function and energy production. AMPK activation 

by rosmarinic acid enhances glucose uptake, fatty 

acid oxidation, and mitochondrial biogenesis, 

culminating in increased ATP production and 

cellular resilience to stress
 55

. 

Evidence from Experimental Studies: 

Experimental studies have provided compelling 

evidence of rosmarinic acid's ability to enhance 

mitochondrial function in various cell and animal 

models. For example, research studies 

demonstrated that rosmarinic acid supplementation 

increased mitochondrial biogenesis and ATP 

production in skeletal muscle cells, improving 

exercise performance and endurance
 56

.  

Similarly, studies reported that rosmarinic acid 

treatment attenuated mitochondrial dysfunction and 

oxidative stress in animal models of 

neurodegenerative diseases, suggesting its potential 

for mitigating mitochondrial damage and 

preserving cellular function
 6

. 

Clinical Relevance and Future Directions: While 

the majority of research on rosmarinic acid's effects 

on mitochondrial function has been conducted in 

vitro and in animal models, emerging evidence 

from clinical studies supports its therapeutic 

potential in humans. Clinical trials investigating the 

effects of Rosemary supplementation enriched with 

rosmarinic acid on mitochondrial function and 

cellular resilience are warranted to validate its 

efficacy and safety in diverse populations. 

Furthermore, future research should focus on 

elucidating the precise molecular mechanisms 

underlying rosmarinic acid's actions on 

mitochondrial biogenesis and energy metabolism, 

paving the way for the development of targeted 

therapeutic interventions for mitochondrial 

dysfunction-related disorders. 

Conclusion: Exploring the Therapeutic Potential 

of Rosmarinic Acid in Rosemary: Rosemary 

(Rosmarinus officinalis) has long been revered for 

its culinary, aromatic, and medicinal properties
 58

. 

At the heart of its therapeutic prowess lies 

rosmarinic acid, a phenolic compound abundant in 

Rosemary, which serves as a key player in the 

herb's adaptogenic effects
 24

. Through a 

comprehensive exploration of its pharmacological 

activities, including modulation of the 

hypothalamic-pituitary-adrenal (HPA) axis, 

regulation of neurotransmitter activity, antioxidant 

and anti-inflammatory effects, and modulation of 

mitochondrial function, rosmarinic acid emerges as 

a multifaceted compound with remarkable potential 

in promoting health and resilience
 11

. 

The modulation of the HPA axis by rosmarinic acid 

offers a mechanism for maintaining homeostasis 

and mitigating the adverse effects of chronic stress 

on physiological function
 11

. By influencing cortisol 

metabolism through interactions with enzymes 

such as 11-beta-hydroxysteroid dehydrogenase 

(11β-HSD), Rosemary helps regulate stress 

responses and supports overall well-being
 57

. 

Furthermore, the regulation of neurotransmitter 

activity by rosmarinic acid contributes to mood 

stabilization and stress resilience, offering potential 

therapeutic benefits in mood disorders and 

cognitive impairment. Through modulation of 

enzymes involved in neurotransmitter synthesis and 

metabolism, such as monoamine oxidase (MAO) 

and catechol-O-methyltransferase (COMT), 

Rosemary aids in maintaining optimal neuro-

transmitter levels, thereby promoting emotional 

balance and cognitive function
 32, 36, 37

. 

Rosmarinic acid's potent antioxidant and anti-

inflammatory properties further enhance its 

therapeutic potential, protecting cells from 

oxidative damage and inflammation associated 

with various diseases and aging processes
 5, 28

. By 

scavenging free radicals, upregulating antioxidant 

enzyme expression, and inhibiting pro-

inflammatory mediators, Rosemary combats 

oxidative stress and inflammation, supporting 

overall health and vitality
 41, 42

. Moreover, 

rosmarinic acid's ability to modulate mitochondrial 

function offers a novel approach to enhancing 

cellular resilience and energy metabolism.  
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By promoting mitochondrial biogenesis and 

activating pathways such as peroxisome 

proliferator-activated receptor gamma coactivator 

1-alpha (PGC-1α)
 54 

and adenosine 

monophosphate-activated protein kinase (AMPK) 
55, 56

 Rosemary optimizes mitochondrial function, 

thereby bolstering cellular energy production and 

resilience to stress. In conclusion, the therapeutic 

potential of rosmarinic acid in Rosemary extends 

far beyond its culinary and aromatic uses. Its 

multifaceted pharmacological activities, ranging 

from hormonal modulation to cellular energy 

optimization, highlight its versatility and efficacy 

in promoting health and resilience. As research 

continues to unravel the intricate mechanisms 

underlying its effects, Rosemary and its constituent 

rosmarinic acid stand poised as valuable botanical 

allies in the quest for holistic well-being in the face 

of life's challenges. 

 
FIG. 1: ADAPTOGENIC PROPERTIES OF ROSEMARY – ROSMARINIC ACID 
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