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ABSTRACT

Background: Rhodiola rosea is an
adaptogenic plant that helps maintain bodily
functions while handling stress. It contains
numerous phytochemicals that deliver
health  benefits  through its  anti-
inflammatory properties, antioxidant effects,
and ability to regulate immune functions. R.
rosea has emerged to be of importance due
to its immune-modulating functional
properties.

Objectives: This review examines how R.
rosea affects the immune system through a
functional nutrition lens. The research
focuses on stress response modulation,
inflammatory signaling, oxidative stress,
and immune-related regulatory pathways.
Methods: The narrative review focused on
human clinical data, and also used
preclinical data to support the findings. The
review covered evidence about stress
modulation and immune-related signaling
together with adaptogenic effects through a
functional  nutrition  framework  that
specifically studied hypothalamic-pituitary-
adrenal (HPA) axis regulation and stress-
immune interactions.

Results: Clinical studies demonstrate that
R. rosea reduces stress, fatigue, and burnout,
indicating that the herb affects the immune
system through HPA axis regulation. The
preclinical results demonstrate R. rosea's
ability to provide anti-inflammatory effects,

antioxidant benefits, and support
mitochondrial function. The possibility
exists that the indirect effects of the herb
may have an effect on gut health through
immune system function, but scientific
human studies remain scarce.

Conclusion: R. rosea provides immune
system support through its ability to regulate
stress and inflammation according to
functional nutrition principles. The existing
clinical research about direct immune
effects shows that more studies must
investigate  immunological ~ biomarkers
through clinical trials.

Keywords: Rhodiola rosea, functional
nutrition, adaptogen, stress resilience,
immune modulation

1. INTRODUCTION

Chronic inflammation represents an ongoing
abnormal immune response that results in
tissue damage and contributes to multiple
chronic health conditions (1). The body uses
acute inflammation to defend itself against
injuries and infections, but chronic
inflammation leads to autoimmune diseases,
infectious  diseases, and degenerative
diseases. Age-related low-grade
inflammation (“inflammaging”) increases
susceptibility to disease and mortality, and
dysregulated innate immunity, including
excessive cytokine production, is implicated
in conditions such as systemic lupus

International Journal of Research and Review (ijrrjournal.com) 74
Volume 13; Issue: 4; April 2026


http://www.ijrrjournal.com/

Snigdha Ranjan et al. The role of Rhodiola rosea in immunity through a functional nutrition lens

erythematosus and rheumatoid arthritis
(2,3). Physiological stress activates the
hypothalamic-pituitary-adrenal (HPA) axis
and sympathetic nervous system, which
results in changes to immune cell
distribution and increased production of
pro-inflammatory cytokines (IL-6, TNF-a,
IL-1B) that sustain immune system
imbalance (4).

Metabolic regulation establishes a direct
connection with immune function, as human
pathways, including glycolysis, oxidative
phosphorylation, and fatty acid metabolism,
determine how immune cells develop and
respond to their environment during both
healthy and diseased states (5). Changes in
nutrient availability and intracellular energy
levels lead to a shift in how immune cells
operate, which affects inflammatory
outcomes. Dietary nutrients and bioactive
food components can modulate these
processes by interacting with immune
signaling networks to achieve this effect (6).
Together, these findings suggest that
metabolic pathways, nutrient pathways, and
inflammatory pathways work together to
establish immune competence according to
a systems-based perspective.

Functional foods and  plant-derived
bioactives are studied not only for their
dietary benefits but also for their potential to
help people cope with stress through
systemic regulation that helps defend
against stressful situations (7). Research
describes adaptogenic botanicals as plant-
based substances that help organisms
develop better defenses against stress while
supporting their ability to maintain internal
body balance during times of medical stress
(8). Reviews of adaptogenic herbs show that
these plants can affect multiple biological
processes because they initiate a stress
response while also influencing bodily
inflammation, thus making them valuable
subjects for study in functional nutrition and
systemic balance research (9). The research
into R. rosea has provided extensive
information about its effects on stress and
its medicinal properties, yet researchers
have not sufficiently investigated its

potential to control immune functions in
humans. Given the central roles of stress
physiology, redox balance, and
immunometabolism in immune function,
Rhodiola may affect these vital processes by
modulating upstream systems. This review
critically examines current human and
translational evidence on Rhodiola rosea
within a functional nutrition framework and
identifies key areas for future investigation.

2. FUNCTIONAL NUTRITION
FRAMEWORK FOR IMMUNE
REGULATION

This review examines immune function
through a functional nutrition perspective,
viewing it as an outcome of interconnected
bodily systems rather than an isolated
process. Physiological stress activates the
HPA axis, leading to the secretion of
corticotropin-releasing hormone (CRH),
adrenocorticotropic hormone (ACTH), and
cortisol, which work together to manage
stress and impact immune function (10).
Acute stress may enhance the body’s
immunity temporarily, but chronic stress
results in decreased T-cell activity and
increased production of pro-inflammatory
cytokines, which include IL-6, TNF-a, and
IL-1B (4,11). Sustained HPA axis activation,
therefore, leads to increased production of
pro-inflammatory cytokines and decreased
capacity of the body to develop adaptive
immune responses (10).

The neuroendocrine system uses its stress
signaling system to control oxidative stress
processes, which create a connection
between immune system regulation and
redox balance. Reactive oxygen species
(ROS) act as immune activation signaling
molecules while excessive ROS levels lead
to NF-kB activation and other transcription
factor activations, which cause chronic
inflammation and tissue destruction (4,12).
Maintaining  antioxidant  defenses s
therefore vital for resolving inflammation
and supporting immune system balance.
Immune responses require high energy, and
metabolic regulation forms another key
component that helps the body to achieve its
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immune functions. Immune cell activation,

differentiation, and effector responses
depend on immunometabolism, which
involves altering glycolysis, oxidative

phosphorylation, and fatty acid oxidation
pathways (4,13). Mitochondria provide ATP
and biosynthetic intermediates required for
immune cell proliferation and function;
dysfunction in these systems can impair
immune performance and exacerbate
systemic imbalance (13).

Stress pathways, redox pathways, and
metabolic pathways work together to show
how R. rosea may influence immune
regulation in humans. R. rosea bioactive
compounds affect immune outcomes
through their role in physiological stress
management, redox balance maintenance,
and mitochondrial function protection,
which demonstrates the importance of a
functional nutrition-based systems
approach.

3. HUMAN CLINICAL AND
TRANSLATIONAL EVIDENCE
RELEVANT TO IMMUNE
REGULATION

3.1. Stress Reduction and Immune-
Relevant Outcomes

Human clinical evidence shows that R.
rosea supplementation helps people with
stress-related problems by reducing their
stress symptoms, fatigue, and ability to cope
with stress. The results from randomized
controlled studies show that Rhodiola
administration leads to significant decreases
in self-reported stress and fatigue when
compared to placebo treatment (14).
Although these trials focus on measuring
psychological outcomes and  fatigue
outcomes rather than immune markers,
chronic stress acts as a well-established
driver of immune system disorders, which
makes improvements in stress physiology
through Rhodiola treatment essential for
maintaining immune system balance (14).

3.2 Fatigue, Burnout, and Post-Stress
States

In clinical studies, Rhodiola rosea has
shown positive results for treating chronic
fatigue and burnout symptoms, improving
fatigue scores, cognitive focus, and
functional capacity in affected individuals
(14). A systematic review noted that
Rhodiola showed positive effects on
physical and mental fatigue according to

some human studies, but no definite
conclusions  were made due to
methodological limitations (15). These

effects are in accordance with the concept of
Rhodiola  supporting an  individual
physiologically in regaining resilience in
order to cope with stress burden, as opposed
to  directly  stimulating  immunity,
positioning it as a modulator of stress-
related dysregulation, thus having an
indirect influence on immune status.

3.3 Infection-Related or Immune-Stress
Contexts

One human study investigated the effects of
R. rosea supplementation on the antiviral
immune response of marathon runners who
experienced extreme physical stress, which
leads to short-term immune system
deficiencies. The randomized trial showed
that runners who took 600 mg of Rhodiola
daily for 30 days experienced a slower
increase in virus replication after their
marathon run, when compared to
participants who received a placebo during
the in vitro testing, which used their serum
samples to assess antiviral activity under
stress conditions (16). While this finding
does not establish direct immune system
improvement through biological testing,
which protects against infectious diseases, it
does suggest that Rhodiola's active
components can change how humans with
acute stress conditions respond to viral
replication.

3.4 Limitations of Current Clinical
Evidence

Although randomized and controlled trials
suggest benefits of R. rosea for stress and
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fatigue, systematic reviews emphasize that
many studies have small sample sizes, short
durations, and apply different research
methods, which restrict their ability to make
broad conclusions about general research
findings. (14,15). measure primarily through
subjective methods, which include stress
scales and fatigue questionnaires, while
using only a few validated immune
biomarkers and inflammatory cytokines as
assessment tools. Even in exercise-related
models, immune findings rely on indirect or
ex vivo assessments rather than clinical
infection outcomes (16). Reviews also
highlight significant variations in extract
composition, including differences in
rosavin and salidroside content, as well as
inconsistencies in dosing and duration,
complicating cross-study comparison and
dose-response interpretation (14).
Furthermore, risk of bias, incomplete
phytochemical data, and limited testing of
multiple  independent  cohorts  hinder
understanding of the mechanistic processes.
The evidence confirms stress-modulating
effects, yet there exists insufficient clinical
evidence that specifically demonstrates
immune responses.

4. PRECLINICAL MECHANISMS OF
IMMUNOMODULATION BY R. rosea
4.1 Stress Response and HPA Axis
Modulation

The extracts of R. rosea have been studied
to affect central stress response pathways
that interact with the HPA axis, which is a
critical link between stress response
mechanisms and immune system control.
The administration of R. rosea in rodent
models that experienced repeated stress
demonstrated a decrease in stress-related
increases of both CRH expression and
peripheral corticosterone levels, which
indicated a reduction of HPA axis activation
(17). Reviews of pharmacological data
signify that the plant exhibits adaptogenic
effects through its ability to change the
levels of monoamine neurotransmitters and
endogenous opioid peptides, including B-
endorphins, which, together with HPA axis

regulation, create stress perception effects
and  neuroendocrine  signaling  (14).
Collectively, these findings suggest that R.
rosea may influence immune function
indirectly through its ability to control body
stress responses, which lead to the
development of stress-related immune
system disorders.

4.2 Inflammatory Signaling and Cytokine
Regulation

R. rosea and its bioactive constituents,
according to preclinical studies, can help in
managing the immune system through their
ability to modulate inflammatory signaling
pathways. The R. rosea extract blocked NF-
kB nuclear translocation in a cellular model
that studied stress-induced inflammatory
response, which depended on NF-xB as a

critical  transcription factor for pro-
inflammatory  gene  expression  (18).
Salidroside = and  other  constituents

demonstrate the capacity to decrease pro-
inflammatory cytokine production,
including TNF-a, IL-1B, and IL-6, in both
lipopolysaccharide-stimulated ~ microglial
cells and in mouse tissues following
inflammatory challenge (19,20). Together,
these findings provide mechanistic support
from in vitro and animal models that R.
rosea may influence pathways central to
inflammatory responses, although there
remains a need to establish its clinical
immune effects on human patients.

4.3 Redox and Immunometabolic
Modulation

Salidroside, a principal bioactive constituent
of R. rosea, has been shown through
preclinical studies that it can decrease the
generation of reactive oxygen species
(ROS) while restoring the mitochondrial
membrane potential during metabolic stress
conditions, which indicates its ability to
protect cells from oxidative damage while
supporting mitochondrial functions (21).
Excessive ROS can activate transcription
factors such as NF-kB, p53, and ATM/ATR,
causing activation of pro-inflammatory
pathways, mitochondrial dysfunction, and
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persistent immune dysregulation (12,13).
Besides salidroside, R. rosea contains
flavonoids such as kaempferol and
quercetin, which work together to eliminate
ROS and control redox-sensitive
intracellular systems that help maintain
immune balance, but their influence on
human immune system functions needs
further research to establish (22).

The process of immune cell function
depends on cellular metabolism because
immune cells use glycolysis and the
tricarboxylic acid (TCA) cycle, fatty acid
oxidation, and oxidative phosphorylation to
activate, differentiate, and execute their
functions (23). Mitochondria control energy
production and redox  homeostasis,
influencing immune cell signaling and
function (5). Preclinical evidence suggests
that R. rosea constituents help maintain
mitochondrial function while enabling
metabolic changes during high-stress
situations, which supports its use as a
treatment for controlling immune system

functions throughout the body. The
investigation of redox and
immunometabolic  processes makes it

possible to study how Rhodiola affects
human biological functions.

4.4 Potential Interaction with the Gut-
Immune Axis

Redox and immunometabolic modulation
represent only part of the systemic network
through which Rhodiola rosea may
influence immunity. The gut microbiota
functions as an essential interface that
determines  both  the  strength  of
inflammatory responses and the health of
epithelial tissues and the progress of
immune system maturation. The connection
between the two variables is backed by
preclinical research, which shows that
Rhodiola changed Drosophila gut microbial
composition without direct antimicrobial

Phytochemical analyses further indicate that
microbial transformation results in the
development of antioxidant metabolites
(26,27). However, controlled human
microbiome data remain absent.

Thus, the key phytochemicals of R. rosea,
such as salidroside, rosavins, and
flavonoids, deserve special attention
because they support the plant’s antioxidant,
immunometabolic, and stress-modulating
effects as seen in preclinical and clinical
models.

5. KEY PHYTOCHEMICALS OF
Rhodiola rosea

The biological activity of R. rosea results
from multiple phytochemicals that exist in
its roots and rhizomes instead of depending
on a single active compound. Among these,
R. rosea L. plant contains three specific
phenylpropanoid glycosides known as
rosavins (rosavin, rosin, and rosarin), which
serve as botanical markers for standardizing
extracts. Scientists study these compounds
to understand how they affect cellular
stress-response  pathways and  redox
pathways in experimental models (14).

In addition, the phenolic compound
salidroside and its aglycone tyrosol together
serve as its primary active ingredients and
bring significant bioactive value to the

plant’s  total phenolic content (28).
Preclinical  studies  demonstrate  that
salidroside  impacts  oxidative  stress

responses while it changes inflammatory
signaling pathways, including its effects on
cytokine expression and immune cell
defense functions (22).

Beyond these well-characterized
constituents, R. rosea contains additional
polyphenolic compounds, which include the
flavonoids kaempferol and quercetin, along
with their glycosides. These compounds
show antioxidant and anti-inflammatory
effects in experimental models. They also

effects (24), while in juvenile Lateolabrax interact with redox-sensitive signaling

maculatus, supplementation resulted in  pathways (22,29).

better intestinal barrier function, lower =~ The combination of these phytochemical

inflammatory  response, and  partial  properties in R. rosea creates a biochemical

restoration of gut microbiome balance (25). base that demonstrates its adaptogenic
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effects and shows its capacity to impact
interconnected stress pathways, redox
processes, and immunometabolic pathways,
which control immune functions.

6. SAFETY AND FUNCTIONAL
CONSIDERATIONS

6.1 Tolerability and Contraindications
Human studies on R. rosea demonstrate that
this herb has high tolerance, according to
clinical evidence, which shows that adverse
effects occur in rare cases and appear as
mild symptoms (30). A systematic review
investigated 446 study participants and
found only minor adverse events, which
included incidents that happened in the
placebo groups, and the study showed no
reliable instances of severe toxic reactions
(15). However, a review emphasizes that
there is a need for more controlled studies to
have adequate evidence about the long-term
safety and effects of the herb on pregnant
and lactating women (30).

6.2 Dose Timing and Adaptogenic Use
Principles

Clinical trials summarized in
pharmacological reviews have shown how
R. rosea extract doses influence stress,
fatigue, and cognitive performance, but they
did not establish standard therapeutic dosing
guidelines based on the research results
(30). A short-term supplementation study
with physically active adults used a specific
extract protocol but focused on exercise
performance outcomes rather than timing-
related physiological effects (31). Reviews
on plant compounds that impact the HPA
axis explain how neuroendocrine stress
responds to R. rosea, but they lack details

about  specific administration timing
strategies for R. rosea in humans (32).

6.3 Quality and Standardization
Considerations

Comprehensive reviews about

phytochemical analyses show that rosavins
and salidroside exist as main components of
R. rosea, while their concentrations show
significant variations based on different

species, plant sources, and extraction
methods. The same review notes that
differences in  extract  composition
complicate the comparison of findings
across clinical studies. The study further
emphasizes that botanical authentication,
together with phytochemical
characterization, serves as an essential
element that enhances consistency and
interpretability for research and clinical
applications (30).

7. RESEARCH GAPS AND FUTURE
DIRECTIONS

Clinical studies suggest R. rosea may
enhance stress relief and fatigue reduction
and help people build resilience, but
research studies rarely include immune-
specific measures, thereby showing limited
direct effects on immune functions (30).

Reviews of human research note that
endpoints mainly focus on achieving
psychological or performance outcomes

instead of measuring inflammatory
cytokines and immune cell markers (14).
This existing gap between stress research
and immune system studies highlights the
need for future research to assess both
immune parameters and stress-related
outcomes.

A second limitation is the gap between
mechanistic findings and clinical trial

design. Experimental studies describe
antioxidant, mitochondrial, and anti-
inflammatory  actions of R.  rosea

constituents, yet these pathways are rarely
examined in human trials (19). The research
findings on immunometabolism
demonstrate that immune responses depend
on the control of cellular energy and redox
balance, which establishes the need to
include metabolic and immune biomarkers
in future human research studies (5).

Finally, variability in extract composition
and reporting standards complicates
comparison across studies. The research
shows that different extraction techniques
lead to different amounts of rosavin and
salidroside, which results in difficulties
reproducing research studies and
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interpreting medical results (30). Similar
concerns are noted in broader reviews of
Rhodiola preparations used in research (14).
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