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depressive disorders

Xikun Li , Xuyi Li , Yunchu Li , Zhishuo Liu , Yihan Cai , Qinqin Yao , 
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Depressive disorder represents a multifaceted and intricate condition character-
ized by disturbances in monoaminergic signaling, neurotrophic support mech-
anisms, and the regulation of inflammatory processes. An increasing body of 
evidence indicates that natural bioactive compounds may provide adjunctive 
therapeutic advantages with a reduced incidence of adverse effects in com-
parison to traditional antidepressants. This review investigates the antidepres-
sant efficacy of Rhodiola rosea, Ginkgo biloba, and Ashwagandha, three notable 
herbal supplements endowed with a variety of neurobiological actions. Rhodiola 
rosea is known to elevate monoamine concentrations and modulate pathways 
involved in the stress response, whereas Ginkgo biloba is recognized for its ability 
to enhance cerebral perfusion, safeguard against oxidative damage, and facilitate 
synaptic plasticity. Ashwagandha is distinguished by its robust adaptogenic and 
anti-inflammatory properties, its capacity to diminish cortisol levels, and its role 
in promoting neurotrophic factors such as brain-derived neurotrophic factor. 
Collectively, these botanical agents target critical pathways associated with 
depression, encompassing serotonergic, dopaminergic, and noradrenergic regu-
lation, neurogenesis, mitochondrial functionality, and immunomodulatory pro-
cesses. Preclinical studies and emerging clinical evidence suggest their potential 
in alleviating depressive symptoms, fostering resilience, and augmenting overall 
mental health. This review integrates mechanistic insights and translational find-
ings, highlighting the promise of these natural compounds as adjunctive strate-
gies in depression management.
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1 Introduction

Depression constitutes one of the most incapacitating neuropsy-
chiatric disorders globally (1). Despite considerable progress in the 
field of psychopharmacology, traditional antidepressant therapies per-
sistently exhibit significant shortcomings, such as delayed therapeutic 
onset, suboptimal rates of remission, elevated instances of partial 
response, and adverse side-effect profiles (2, 3). These limitations have 
catalyzed an increased global focus on nutraceuticals and phytomedi-
cines possessing multimodal biological activities that transcend mere 
monoamine reuptake inhibition. Notably, Rhodiola rosea, Ginkgo 
biloba, and Withania somnifera (Ashwagandha) have garnered par-
ticular interest owing to their distinctive pharmacological character-
istics that intersect with monoaminergic neurotransmission, 
neurotrophic support, modulation of the hypothalamic-pituitary-
adrenal (HPA) axis, and anti-inflammatory signaling—mechanisms 
that are consistently implicated in the pathophysiological framework 
of depression. Although numerous scholarly articles have assessed the 
general antidepressant characteristics of specific botanical entities, 
there exists a significant deficiency of a thorough and mechanistically 
cohesive evaluation that amalgamates the converging molecular path-
ways of Rhodiola, Ginkgo, and Ashwagandha within the monoami-
nergic, neurotrophic, and immunomodulatory spheres. Current 
reviews tend to either concentrate on individual herbs devoid of com-
parative analysis, address broad classifications of adaptogens without 
meticulous mechanistic triangulation, or highlight clinical outcomes 
while inadequately correlating them with molecular biology. 
Consequently, a comprehensive review that rigorously investigates 
how these three botanicals influence intersecting neurobiological cir-
cuits related to depressive disorders, while simultaneously translating 
these mechanistic revelations into clinical ramifications, is both timely 
and imperative.

The extant body of scholarly work indicates that these botanical 
supplements manifest their antidepressant properties not merely 
through straightforward pharmacodynamic mechanisms but rather 
via extensive modulation of neurochemical networks at a systemic 
level. For instance, Rhodiola rosea augments serotonergic, dopaminer-
gic, and noradrenergic signaling, in part due to its inhibition of mono-
amine oxidases and its modulation of presynaptic neurotransmitter 
transporters (4–6). Ashwagandha affects monoaminergic systems 
indirectly by normalizing hyperactivity of the HPA axis and modulat-
ing GABAergic tone, which consequently enhances the balance of 
serotonergic and dopaminergic systems (7, 8). Conversely, Ginkgo 
biloba enhances monoaminergic activity through its facilitation of 
neurovascular coupling and the antioxidant stabilization of synaptic 
microenvironments, thereby offering a complementary mechanism to 
traditional monoaminergic antidepressants (9–11). These results 
underscore that the monoaminergic influences of the three herbal 
agents function within broader adaptogenic and neuroendocrine con-
texts rather than as mere isolated modifications of neurotransmit-
ter levels.

Beyond the realm of neurotransmission, an essential facet 
common to these botanical agents is their influence on neuroplasticity. 
Major depressive disorder is intricately linked with compromised neu-
rogenesis and diminished expression of neurotrophic factors, particu-
larly brain-derived neurotrophic factor (BDNF). Rhodiola has been 
demonstrated to enhance BDNF levels and activate the ERK/CREB 
signaling pathway (12), thereby facilitating neuronal survival and pro-
moting neurogenesis within the hippocampus. Ashwagandha has 

been observed to stimulate neurite outgrowth, augment synaptic pro-
tein expression (13), which collectively endorse both structural and 
functional neural repair mechanisms. Ginkgo biloba plays a significant 
role in neuroplasticity by safeguarding mitochondrial integrity and 
mitigating glucocorticoid-induced dendritic atrophy (14). These find-
ings underscore a common neurotrophic profile among the three 
botanicals, thereby reinforcing the notion that effective antidepressant 
interventions should aim to restore neural circuitry rather than solely 
modulate neurotransmitter activity. Furthermore, the dysregulation 
of inflammatory processes is increasingly acknowledged as a pivotal 
factor in the etiology of depressive disorders (15). Sustained elevations 
in interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and 
other pro-inflammatory cytokines have been observed in individuals 
diagnosed with major depressive disorder. Each of the three botanical 
agents demonstrates anti-inflammatory properties through distinct 
yet interrelated biological pathways. Rhodiola exhibits a downregula-
tion of nuclear factor kappa B (NF-κB) activity and diminishes sys-
temic cytokine production (16). Ashwagandha attenuates microglial 
activation and restores peripheral inflammatory markers to normative 
levels (17). Ginkgo biloba mitigates cytokine release induced by oxida-
tive stress while maintaining the integrity of endothelial and neuronal 
cells (18, 19). These findings underscore a significant therapeutic per-
spective: by implementing substantial immunomodulatory effects, 
these botanical agents engage biological mechanisms that are not 
comprehensively addressed by traditional antidepressant treatments.

Notwithstanding the promising findings, the existing clinical lit-
erature exhibits significant inconsistencies. While numerous random-
ized clinical trials substantiate the antidepressant efficacy of Rhodiola, 
Ginkgo, and Ashwagandha, these investigations are frequently hin-
dered by limited sample sizes, diverse dosing protocols, variability in 
extract standardization, and insufficient integration of mechanistic 
biomarkers. Furthermore, a paucity of studies has directly contrasted 
these botanical agents or explored their potential synergistic effects, 
thereby leaving crucial inquiries regarding therapeutic optimization 
unresolved. These deficiencies underscore the necessity for integrative 
assessments that connect molecular mechanisms with clinical results. 
Integrating the available body of evidence suggests that depression, 
understood as a complex disorder, may derive significant advantages 
from therapeutic interventions that can concurrently rectify neu-
rotransmitter dysregulation, enhance neuroplastic function, and miti-
gate chronic inflammatory processes. Rhodiola rosea, Ginkgo biloba, 
and Ashwagandha demonstrate precisely such multifaceted therapeu-
tic profiles and correspond with contemporary interpretations of 
depression as a condition characterized by diminished neurobiologi-
cal resilience. Their commendable safety profiles and compatibility 
with current antidepressant modalities further emphasize their poten-
tial contributions to personalized, integrative mental health care. 
Nevertheless, the implementation of these findings into standard clini-
cal practice will necessitate more rigorous, standardized, and mecha-
nistically informed clinical investigations. Looking forward, 
subsequent research endeavors must emphasize biomarker-driven 
clinical trials that amalgamate neurotrophin concentrations, inflam-
matory biomarkers, and neurotransmitter metabolites to clarify mech-
anistic pathways and delineate patient cohorts that are most likely to 
derive therapeutic benefits from each botanical intervention. The 
incorporation of genomic, microbiome, and neuroendocrine profiles 
may further refine individualized treatment strategies. Comparative 
investigations and combinatorial trials will be imperative to ascertain 
the presence of synergistic interactions among the three botanicals, as 
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their underlying mechanisms imply complementary rather than 
superfluous functions. Enhanced phytochemical characterization and 
pharmacokinetic analysis will be vital for the standardization of 
extracts and for gaining regulatory endorsement. Ultimately, longitu-
dinal safety assessments and relapse-prevention trials are essential to 
comprehensively validate the therapeutic efficacy of these botanicals 
in the context of chronic depressive disorders.

The selection of Rhodiola rosea, Ginkgo biloba, and Withania som-
nifera (Ashwagandha) in this review is intentional and mechanistically 
grounded rather than arbitrary. These three botanical agents were 
chosen because they represent distinct yet complementary phyto-
therapeutic paradigms that converge on the principal neurobiological 
processes underlying depressive disorders. While Rhodiola rosea pri-
marily enhances stress resilience and monoaminergic signaling 
through adaptogenic modulation of the hypothalamic-pituitary-adre-
nal axis (20), Ginkgo biloba exerts prominent neurovascular, antioxi-
dant, and mitochondrial-protective effects that support cognitive and 
synaptic integrity (21). In contrast, Ashwagandha robustly targets 
neuroendocrine imbalance and neuroinflammation while promoting 
neurotrophic signaling and cortisol normalization (22). Together, 
these agents collectively influence serotonergic, dopaminergic, and 
noradrenergic transmission, brain-derived neurotrophic factor–medi-
ated plasticity, inflammatory cascades, oxidative stress, and mitochon-
drial bioenergetics, pathways that are increasingly recognized as 
interdependent in the pathophysiology of depression (23). Moreover, 
these botanicals originate from diverse traditional medical systems, 
traditional Chinese medicine, European herbal medicine, and 
Ayurveda, yet converge on shared molecular targets, providing a 
unique opportunity to examine depression through a cross-cultural, 
systems-biology lens. Unlike prior reviews that focus on individual 
herbs or broadly defined adaptogens, the present review integrates 
mechanistic, preclinical, and clinical evidence across these three 
agents to highlight their complementary rather than redundant 
actions. This integrative framework may offer valuable insights into 
rational adjunctive use, biomarker-driven stratification, and the devel-
opment of multi-target therapeutic strategies for depressive disorders.

2 Methodology

A comprehensive and structured literature search was conducted 
to identify preclinical, translational, and clinical evidence related to 
the antidepressant effects and underlying neurobiological mechanisms 
of Rhodiola rosea, Ginkgo biloba, and Withania somnifera 
(Ashwagandha). The search was performed across multiple electronic 
databases, including PubMed/MEDLINE, Web of Science, Scopus, 
and Google Scholar, to ensure broad coverage of biomedical, pharma-
cological, and neuroscientific literature. Articles published up to 
March 2025 were considered eligible for inclusion.

Search strategies combined the scientific and common names of 
each botanical with depression-related and mechanistic keywords. 
Representative search terms included: “Rhodiola rosea” OR “Rhodiola,” 
“Ginkgo biloba,” “Withania somnifera” OR “Ashwagandha” in combi-
nation with “depression,” “antidepressant,” “monoaminergic neurotrans-
mission,” “BDNF,” “neuroplasticity,” “HPA axis,” “neuroinflammation,” 
“oxidative stress,” “mitochondrial dysfunction,” and “clinical trial.” 
Boolean operators and database-specific filters were applied where 
appropriate to optimize sensitivity and specificity.

Eligible publications included peer-reviewed original research 
articles, encompassing in vivo and in vitro experimental studies, ran-
domized controlled trials, observational clinical studies, and mecha-
nistically relevant translational investigations. High-quality review 
articles and meta-analyses were also consulted to contextualize find-
ings and identify additional primary literature. Studies were restricted 
to those published in English. Exclusion criteria comprised studies 
lacking relevance to depressive disorders, investigations focused solely 
on unrelated neurological or systemic conditions, reports involving 
non-standardized or poorly characterized herbal preparations, and 
articles without sufficient methodological or outcome detail.

To enhance comprehensiveness, manual screening of reference 
lists from key articles and recent reviews was conducted to identify 
additional relevant studies not captured through database searches. 
When multiple publications addressed similar experimental models 
or clinical populations, priority was given to studies with larger sample 
sizes, standardized extracts, rigorous study designs, and clearly 
reported outcomes.

Given the objective of this article as a narrative and mechanistic 
integrative review, formal quantitative synthesis or meta-analysis was 
not undertaken. Instead, the selected literature was analyzed and syn-
thesized thematically, with studies grouped according to biological 
pathways (e.g., monoaminergic modulation, neurotrophic signaling, 
HPA-axis regulation, neuroinflammation, oxidative stress, and mito-
chondrial function) and level of evidence (preclinical versus clinical). 
Particular emphasis was placed on studies that linked molecular and 
cellular mechanisms with behavioral or clinical outcomes, thereby 
enhancing translational relevance. Dosages are reported as mg/day of 
extract where available, with key phytochemical standardization noted 
when specified in the original studies.

Collectively, this approach was designed to provide a comprehen-
sive, balanced, and mechanistically coherent synthesis of the existing 
evidence, while acknowledging variability in study quality, extract 
standardization, and clinical methodology across the literature.

3 Pathophysiology of depression

3.1 Monoaminergic dysfunction

Monoaminergic disruptions especially those related to serotonin 
(5-HT), norepinephrine (NE), and dopamine (DA), constitute a fun-
damental and classical mechanism in the pathophysiological frame-
work of depression. Diminished levels of monoamines, altered 
sensitivity of receptors, and dysregulated transport mechanisms such 
as SERT and NET play a significant role in the manifestation of 
depressive symptoms (24). Neuroimaging investigations reveal a 
reduction in 5-HT and NE release, alongside compromised mesolim-
bic dopaminergic reward pathways in individuals diagnosed with 
depression (25). Prolonged exposure to stress further elevates the 
activity of monoamine oxidase-A (MAO-A) while concurrently 
diminishing monoamine biosynthesis, thereby exacerbating depres-
sive-like manifestations (26).

3.2 HPA-axis dysregulation

Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis 
constitutes a significant characteristic of major depressive disorder. 
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Prolonged exposure to stress results in the increased secretion of 
corticotropin-releasing hormone (CRH) and adrenocorticotropic hor-
mone (ACTH), culminating in hypercortisolemia (27). Sustained 
elevation of cortisol levels leads to atrophy of the hippocampus, hin-
ders neurogenesis, and disturbs cognitive and emotional functions 
(28). In clinical practice, a notable 40–60% of individuals diagnosed 
with depression demonstrate nonsuppression in the dexamethasone 
suppression test, indicative of compromised negative feedback mecha-
nisms within the HPA axis (29).

3.3 Neuroinflammation

Neuroinflammation has emerged as a central and biologically 
plausible contributor to the pathophysiology of depressive disorders, 
bridging immune dysregulation with alterations in neurotransmis-
sion, neuroplasticity, and stress responsivity (30, 31). Clinical studies 
consistently report elevated circulating and central levels of pro-
inflammatory cytokines, including interleukin-1β (IL-1β), interleu-
kin-6 (IL-6), and tumor necrosis factor-α (TNF-α), in patients with 
major depressive disorder, with cytokine concentrations often corre-
lating with symptom severity, illness chronicity, and treatment resis-
tance (30, 32). Peripheral inflammatory signals can access the central 
nervous system through humoral, neural, and cellular pathways, 
including cytokine transport across the blood–brain barrier and vagal 
nerve signaling, thereby initiating or amplifying central immune acti-
vation (31).

Within the brain, microglia and astrocytes represent the primary 
cellular mediators of neuroinflammatory responses. Chronic stress 
and inflammatory stimuli promote microglial activation, leading to 
sustained release of pro-inflammatory cytokines, reactive oxygen and 
nitrogen species, and excitotoxic mediators that disrupt synaptic func-
tion and neuronal integrity (30). Activated glial cells interfere with 
monoaminergic neurotransmission by reducing serotonin synthesis, 
altering dopamine signaling, and impairing norepinephrine regula-
tion, thereby directly contributing to mood dysregulation and anhe-
donia (31). A critical mechanistic link between inflammation and 
depression involves activation of the indoleamine-2,3-dioxygenase 
(IDO) enzyme, which diverts tryptophan metabolism away from sero-
tonin production toward the kynurenine pathway. This metabolic shift 
reduces central serotonin availability while increasing neuroactive 
kynurenine metabolites, such as quinolinic acid, which enhance glu-
tamatergic neurotransmission and promote excitotoxicity. These pro-
cesses impair hippocampal neurogenesis and synaptic plasticity, both 
of which are essential for emotional regulation and stress adaptation 
(32, 33).

Neuroinflammation also interacts bidirectionally with dysregula-
tion of the hypothalamic–pituitary–adrenal (HPA) axis. Pro-
inflammatory cytokines stimulate corticotropin-releasing hormone 
(CRH) secretion and impair glucocorticoid receptor signaling, result-
ing in diminished negative feedback and sustained hypercortisolemia. 
Elevated cortisol levels, in turn, exacerbate microglial activation and 
inflammatory signaling, establishing a self-perpetuating cycle of 
stress, immune activation, and neuronal dysfunction (32, 33). 
Importantly, neuroinflammatory processes are closely intertwined 
with oxidative stress and mitochondrial dysfunction, as inflammatory 
mediators increase reactive oxygen species production and compro-
mise mitochondrial bioenergetics, further amplifying neuronal vul-
nerability (33). Collectively, these findings support the view that 
neuroinflammation is not merely an epiphenomenon of depression 

but a driving force that integrates immune activation with neurotrans-
mitter imbalance, impaired neuroplasticity, and stress-related neuro-
endocrine dysregulation (30, 31). Targeting neuroinflammatory 
pathways therefore represents a critical therapeutic avenue for the 
development of novel and adjunctive antidepressant strategies (32, 34).

3.4 Oxidative stress

Oxidative stress has been increasingly recognized as a significant 
biological factor associated with depressive disorders, characterized 
by an imbalance between the production of reactive oxygen species 
(ROS) and the body’s antioxidant defense mechanisms, leading to cel-
lular damage and dysregulated neuronal function (35–37). Major 
depressive disorder (MDD) and related depressive conditions exhibit 
elevated oxidative stress markers, reflecting increased oxidative 
damage to lipids, proteins, and DNA, as well as a relative depletion of 
antioxidants in plasma and peripheral tissues (35–37). The brain is 
particularly susceptible to oxidative stress due to its high oxygen con-
sumption, rich lipid content, and comparatively limited antioxidant 
capacity, making redox imbalance a salient contributor to neuronal 
dysfunction within depressive pathophysiology (35–37).

Elevated levels of reactive oxygen species can activate pro-inflam-
matory signaling cascades and apoptotic pathways, which in turn 
exacerbate neuroinflammation, impair neurogenesis, and contribute 
to synaptic and structural changes implicated in depression (104). In 
a systematic review and meta-analysis, depression was associated with 
significantly increased oxidative stress as measured by biomarkers of 
oxidative DNA damage (8-OHdG) and lipid peroxidation 
(F₂-isoprostanes) compared to non-depressed controls (35–37). The 
meta-analytic evidence demonstrated that both 8-OHdG and 
F₂-isoprostanes were elevated in individuals with depression, indicat-
ing enhanced oxidative damage, with effect sizes suggesting robust 
associations across multiple studies (35–37). Although measures of 
oxidative stress vary by methodology and sample characteristics, the 
overall pattern of increased oxidative stress in depressive disorders 
supports a model in which redox imbalance is integrally linked to the 
neurobiology of depression (35–37). Together, these findings provide 
compelling evidence that oxidative stress plays a critical role in the 
pathophysiology of depression and may represent both a biomarker 
of disease severity and a potential target for therapeutic intervention 
through modulation of antioxidant defenses (35–37).

3.5 Neurotrophic deficits and impaired 
hippocampal neurogenesis

The diminishment of neurotrophic signaling, especially that 
related to brain-derived neurotrophic factor (BDNF), stands as a 
defining characteristic of depression. Diminished BDNF concentra-
tions within the realms of the hippocampus and prefrontal cortex 
result in hindered synaptogenesis, diminished neuroplasticity, and a 
slowdown in neurogenesis (38). The BDNF–TrkB pathway plays a 
crucial role in fostering neuronal resilience, and studies have indicated 
that antidepressant therapies can elevate BDNF production (39). 
Prolonged stress curtails BDNF and CREB expression through gluco-
corticoid-driven mechanisms, amplifying susceptibility to depressive 
conditions (40).

In addition to generalized neurotrophic deficits, impaired adult 
hippocampal neurogenesis has emerged as a central and independent 
pathophysiological mechanism in depressive disorders (41). The 
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hippocampus retains the capacity for lifelong neurogenesis within the 
dentate gyrus, a process that is critically involved in emotional regula-
tion, stress adaptation, and cognitive flexibility (41). Chronic stress, 
elevated glucocorticoid exposure, and neuroinflammatory signaling 
suppress the proliferation, differentiation, and survival of neural pro-
genitor cells, leading to reduced hippocampal volume and functional 
impairments commonly observed in major depressive disorder (42).

Brain-derived neurotrophic factor (BDNF) plays a pivotal role in 
regulating adult hippocampal neurogenesis through activation of 
TrkB-mediated CREB signaling pathways. Clinical and postmortem 
studies consistently demonstrate reduced BDNF expression and 
diminished neurogenic capacity in individuals with depression, while 
effective antidepressant treatments, including SSRIs, SNRIs, and elec-
troconvulsive therapy, restore neurogenesis and promote neuronal 
maturation. These observations support the neurogenic hypothesis of 
depression, which posits that impaired hippocampal neurogenesis 
contributes directly to mood dysregulation and treatment resistance 
(42, 43).

Importantly, hippocampal neurogenesis is highly sensitive to 
inflammatory cytokines, oxidative stress, and mitochondrial dysfunc-
tion, further linking this mechanism to broader neuroimmune and 
metabolic abnormalities in depression. Consequently, therapeutic 
strategies that simultaneously enhance neurotrophic signaling and 
restore neurogenesis may offer superior and more durable antidepres-
sant effects compared with monoaminergic modulation alone (44, 45).

3.6 Mitochondrial dysfunction

Mitochondrial irregularities unveil themselves as a burgeoning 
and pivotal force driving the depths of major depression. Individuals 
often display diminished ATP production, compromised oxidative 
phosphorylation, and a malfunctioning electron transport chain (46). 
These shortcomings give rise to a lower mitochondrial membrane 
potential, heightened ROS generation, and the initiation of apoptotic 
pathways like caspase-3 (47). Moreover, psychological strain disturbs 
mitochondrial energy production within the hippocampus, curbing 
metabolic adaptability and weakening resilience against stress (48).

4 Herbal antidepressant supplements: 
an overview

Herbal and plant-derived supplements have garnered significant 
scholarly interest as adjunctive or alternative approaches for address-
ing depressive disorders. These natural compounds frequently exhibit 
multi-faceted mechanisms of action, encompassing the modulation of 
monoaminergic neurotransmission, augmentation of neurotrophic 
signaling pathways, anti-inflammatory properties, antioxidant func-
tions, and regulation of the HPA axis. In contrast to traditional anti-
depressants that predominantly target a singular pathway, herbal 
supplements may offer more comprehensive neurobiological advan-
tages that correspond with the complex etiology of depressive condi-
tions (49). Numerous botanical species have been rigorously 
investigated for their potential antidepressant effects, including 
Rhodiola rosea, Ginkgo biloba, Withania somnifera, Hypericum perfo-
ratum, and Crocus sativus. A substantial number of these herbal rem-
edies have a long-standing history within traditional medical systems 
such as traditional Chinese Medicine (TCM), Ayurveda, and 

European herbal traditions, and their therapeutic efficacy has been 
corroborated by contemporary preclinical and clinical research (50).

Herbal supplements typically exhibit a commendable safety pro-
file and are generally well tolerated; however, it is imperative to con-
sider potential interactions with conventional medications or 
anticoagulants (51). Standardized extracts and preparations subjected 
to quality control provide more reliable pharmacological effects in 
comparison to raw or non-standardized herbal products. From a 
mechanistic perspective, herbal antidepressants frequently modulate 
monoaminergic systems by either inhibiting MAO-A/B or augment-
ing the availability of serotonin, norepinephrine, and dopamine. These 
agents can also regulate hyperactivity of the HPA axis, enhance neu-
roplasticity and BDNF expression, mitigate neuroinflammation and 
oxidative stress, and safeguard mitochondrial function, thus improv-
ing cellular bioenergetics. Such multimodal effects render herbal 
supplements particularly appealing for integrative approaches in 
mental health, particularly in cases of stress-related or treatment-
resistant depression (52). Notwithstanding the encouraging evidence, 
obstacles such as variability in extract composition, inadequate stan-
dardization, and a paucity of large-scale randomized clinical trials 
persist. Nonetheless, an increasing body of research substantiates the 
efficacy of herbal antidepressants as promising adjuncts or alternatives 
to pharmacotherapy, with the potential to enhance treatment out-
comes through converging biological mechanisms.

5 Rhodiola rosea

5.1 Phytochemical composition

Rhodiola rosea, commonly referred to as golden root or Arctic 
root, is a perennial herb that is extensively utilized in traditional medi-
cine due to its adaptogenic and mood-enhancing characteristics. The 
pharmacological properties of this herb are primarily ascribed to a 
diverse range of bioactive constituents, which include phenylpro-
panoids (such as rosavin, rosarin, and rosin), salidroside, tyrosol, fla-
vonoids, tannins, and essential oils (53). Notably, rosavin and 
salidroside are regarded as key marker compounds for standardiza-
tion, with salidroside demonstrating significant neuroprotective and 
antidepressant effects in both preclinical and clinical research. The 
presence of flavonoids and phenolic acids further contributes to the 
herb’s antioxidant and anti-inflammatory properties, thereby aug-
menting its overall adaptogenic efficacy (54).

5.2 Mechanisms of action

The antidepressant properties of Rhodiola rosea are characterized 
by a multi-faceted mechanism of action, indicative of its extensive 
phytochemical composition (Figure 1). This botanical agent influences 
the monoaminergic system by elevating the levels of serotonin, nor-
epinephrine, and dopamine in critical cerebral regions associated with 
mood regulation, including the hippocampus and the prefrontal 
cortex (55). In addition to its effects on monoamines, R. rosea dem-
onstrates neurotrophic capabilities by enhancing the expression of 
BDNF and facilitating the activation of downstream TrkB–CREB sig-
naling pathways, which are essential for synaptic plasticity, neuronal 
survival, and neurogenesis (56). Its anti-inflammatory mechanisms 
are enacted through the downregulation of pro-inflammatory 

https://doi.org/10.3389/fnut.2026.1762061
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Li et al.� 10.3389/fnut.2026.1762061

Frontiers in Nutrition 06 frontiersin.org

cytokines such as IL-1β, IL-6, and TNF-α, along with the inhibition of 
NF-κB signaling, thus alleviating neuroinflammation that is impli-
cated in the etiology of depressive disorders (54). Furthermore, 
R. rosea possesses antioxidant and mitochondrial-protective proper-
ties, effectively scavenging reactive oxygen species (ROS), stabilizing 
mitochondrial membrane potential, and augmenting adenosine tri-
phosphate (ATP) synthesis, which collectively uphold neuronal bio-
energetics during conditions of physiological stress (57).

5.3 Preclinical and clinical evidence

Rhodiola rosea has attracted considerable scholarly interest owing 
to its proposed antidepressant and adaptogenic properties. Preclinical 
investigations illustrate that its bioactive constituents may elevate 
monoamine concentrations, mitigate stress-induced neuroinflamma-
tory responses, and stimulate neurotrophic factors such as BDNF, 
thereby facilitating neuronal survival and plasticity. Animal models 
designed to simulate depression and chronic stress consistently exhibit 
enhancements in mood, cognitive performance, and resilience subse-
quent to Rhodiola supplementation. Emerging clinical investigations 
involving human participants suggest that Rhodiola rosea may allevi-
ate depressive manifestations, fatigue, and anxiety associated with 
stress, frequently presenting with a reduced incidence of adverse 
effects in comparison to traditional antidepressants. These observa-
tions accentuate the translational significance of Rhodiola rosea and 

emphasize its potential role as an adjunctive intervention in the treat-
ment of depressive disorders, particularly among individuals experi-
encing stress-related or treatment-resistant symptoms. A 
proof-of-concept study explored the safety and effectiveness of 
Rhodiola rosea (R. rosea) in comparison to sertraline for individuals 
experiencing mild to moderate major depressive disorder. A total of 
57 participants were randomly assigned to a 12-week regimen of stan-
dardized R. rosea extract (340 mg standardized to a content of rosavin 
3.07%/rhodioloside 1.95%), sertraline (50 mg HCI), or a placebo. The 
assessments of depression (HAM-D, BDI, CGI/C) revealed modest, 
non-significant declines across all cohorts, with sertraline exhibiting 
a slightly more pronounced drop in HAM-D scores (−8.2) than 
R. rosea (−5.1) and placebo (−4.6). Although the likelihood of 
improvement was greater with sertraline compared to R. rosea, 
adverse events were reported more often in the sertraline cohort 
(63.2%) than in the R. rosea group (30%) and placebo (16.7%). These 
results indicated that R. rosea is better tolerated and may present a 
more favorable risk–benefit ratio, even with its marginally lower effec-
tiveness (58) (Table 1). Another proof-of-concept trial, meticulously 
designed as a randomized, double-blind, placebo-controlled study, 
scrutinized the safety and effectiveness of Rhodiola capsules among 
100 individuals grappling with mild to moderate major depressive 
disorder over a span of 12 weeks. Participants were carefully divided 
into three distinct groups: a high-dose Rhodiola group (0.6 g/day), a 
low-dose Rhodiola group (0.3 g/day), and a control group. Throughout 

FIGURE 1

Multimodal antidepressant mechanisms of Rhodiola rosea in depressive disorders. This schematic illustrates the converging molecular and cellular 
mechanisms through which Rhodiola rosea exerts antidepressant-like effects. (A) Bioactive constituents of R. rosea, including salidroside, rosavin, and 
flavonoid/phenolic compounds, enhance monoaminergic neurotransmission by increasing the availability of serotonin (5-HT), norepinephrine (NE), and 
dopamine (DA) in key brain regions involved in mood regulation, thereby promoting stress resilience. (B) R. rosea activates neurotrophic signaling 
pathways, notably upregulating brain-derived neurotrophic factor (BDNF) and downstream TrkB-CREB signaling, which supports synaptic plasticity, 
neuronal survival, and hippocampal neurogenesis, as observed in chronic mild stress (CMS) and chronic unpredictable mild stress (CUMS) models. 
(C) Anti-inflammatory and antioxidant actions of R. rosea include suppression of NF-κB signaling and reduced production of pro-inflammatory 
cytokines (IL-1β, IL-6, TNF-α), alongside attenuation of reactive oxygen species (ROS) and lipid peroxidation, thereby limiting neuroinflammatory and 
oxidative damage. (D) R. rosea confers mitochondrial protection by stabilizing mitochondrial membrane potential, reducing mitochondrial ROS 
generation, and enhancing ATP production, preserving neuronal bioenergetics under stress conditions. Collectively, these multimodal actions converge 
to produce antidepressant-like effects, manifested as reduced depressive-like behaviors, improved cognitive performance, and enhanced stress 
tolerance.
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TABLE 1  Preclinical and clinical evidence on the antidepressant effects of Rhodiola rosea and its combinations: mechanisms and efficacy.

Type of 
evidence

Design & 
Participants

Intervention Duration Results Conclusion Reference

Clinical 57 participants; mild–

moderate MDD; 

randomized placebo-

controlled

R. rosea, sertraline, 

placebo

12 weeks HAM-D: sertraline 

↓↓; R. rosea ↓; placebo 

↓

BDI: sertraline ↓; R. 

rosea ↓; placebo ↓

CGI/C: sertraline ↓; 

R. rosea ↓; placebo ↓

R. rosea less effective 

but better tolerated; 

favorable risk–benefit 

ratio for mild–

moderate MDD

(58)

Clinical 100 patients; mild–

moderate MDD; 

randomized double-

blind placebo-

controlled

Group A: 

sertraline + placebo; 

Group B: 

sertraline + 0.6 g/day 

Rhodiola; Group C: 

sertraline + 0.3 g/day 

Rhodiola

12 weeks HAM-D: Group B ↓↓; 

Group C ↓; Group A ↓

BDI: Group B ↓↓; 

Group C ↓; Group A ↓

CGI: Group B ↓↓; 

Group C ↓; Group A ↓

Rhodiola capsules 

show dose-dependent 

antidepressant effects; 

high doses better 

than low doses; 

improved clinical 

symptoms and quality 

of life

(59)

Clinical Phase III; 89 patients; 

mild–moderate 

depression; 

randomized double-

blind placebo-

controlled

Group A: 340 mg/day 

SHR-5; Group B: 

680 mg/day SHR-5; 

Group C: placebo

6 weeks HAM-D: Group A ↓; 

Group B ↓↓; Group C 

→

BDI: Group A ↓; 

Group B ↓↓; Group C 

→

SHR-5 extract shows 

anti-depressive 

efficacy at 340–

680 mg/day over 

6 weeks; safe and 

well-tolerated

(60)

Preclinical 70 male Sprague–

Dawley rats; CMS-

induced depression

Low (1.5 g/kg), Medium 

(3 g/kg), High (6 g/kg) 

Rhodiola rosea extract

3 weeks 5-HT: ↑↑ (all doses 

restored to normal)

Cell proliferation: ↑ 

(low dose normalized)

Neuron quantity: ↑ 

(low dose repaired 

hippocampal 

neurons)

Rhodiola rosea extract 

improves 5-HT levels; 

low dose induces 

neural stem cell 

proliferation and 

hippocampal neuron 

repair

(61)

Clinical Observational study; 

45 adults with mild–

moderate depression

Combination: Rhodiola 

154 mg + Saffron 15 mg, 

2 tablets/day

6 weeks HAM-D: ↓↓ (58% 

reduction)

HADS-anxiety & 

depression: ↓ 

(significant reduction)

CGI/PGIC: ↑ (clinical 

improvement)

Combination of 

Rhodiola and Saffron 

significantly improves 

depressive and 

anxiety symptoms; 

safe and well-

tolerated

(62)

Preclinical Rats; CUMS-induced 

depression

Herba Rhodiolae (0.04 g/

kg), Venlafaxine 

(0.035 g/kg), 

Rhodiola + GSK-3β 

inhibitor

— Depression-like 

behaviors: ↓ (all 

treatments)

Glutamate 

abnormalities: ↓

BDNF/TrkB signaling: 

↑ (most with 

Rhodiola + GSK-3β 

inhibitor)

GSK-3β expression: ↓

Rhodiola alleviates 

depressive-like 

behaviors via 

activation of BDNF/

TrkB-GSK-3β 

pathway; 

combination with 

GSK-3β inhibitor 

most effective

(56)

(Continued)
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the course of the study, depression metrics (HAM-D, BDI, CGI/C) 
were diligently monitored and evaluated. Remarkable enhancements 
were noted across all groups, with the most significant declines in 
HAM-D, BDI, and CGI scores occurring within the high-dose 
Rhodiola cohort when compared to both the low-dose and control 
groups. Both dosing regimens of Rhodiola proved effective in mitigat-
ing depressive symptoms and uplifting overall quality of life, with the 
higher doses showcasing a markedly superior antidepressant effect 
throughout the 12-week journey (59).

A phase III randomized, double-blind, placebo-controlled inves-
tigation assessed the therapeutic efficacy and safety profile of the stan-
dardized Rhodiola rosea extract SHR-5 in individuals diagnosed with 
mild to moderate depressive disorders over a duration of 6 weeks. 
Adult participants, aged between 18 and 70 years, exhibiting HAMD 
scores ranging from 21 to 31, were allocated to receive either a low-
dose of SHR-5 (340 mg/day), a high-dose of SHR-5 (680 mg/day), or 
a placebo (60). The severity of depressive symptoms was evaluated 
utilizing HAMD and BDI scoring metrics at both baseline and on day 
42 of the trial. Both groups receiving SHR-5 demonstrated statistically 
significant enhancements in overall depressive symptoms, sleep dis-
turbances, emotional dysregulation, and somatic complaints, whereas 
the placebo cohort exhibited no such clinical improvements. No 
severe adverse reactions were documented throughout the trial 
period. These findings suggested that SHR-5 is both efficacious and 
well-tolerated, with the administration of higher doses correlating 
with enhanced antidepressant outcomes over the six-week period 
(60). A preclinical investigation examined the impact of Rhodiola 
rosea extract on serotonin concentrations, cellular proliferation, and 
the quantity of neurons within the hippocampus of depressive rats 
subjected to chronic mild stress (CMS). A total of 70 male Sprague–
Dawley rats were systematically allocated into seven distinct groups, 
inclusive of control and three dosage categories of Rhodiola extract 

(1.5, 3, and 6 g/kg). Following a treatment duration of 3 weeks, hip-
pocampal 5-HT concentrations were quantified through high-perfor-
mance liquid chromatography, while neural proliferation was 
evaluated using BrdU labeling techniques. The results indicated that 
all groups administered Rhodiola exhibited a restoration of 5-HT 
levels to baseline conditions; notably, the low-dose extract (1.5 g/kg) 
specifically facilitated the proliferation of hippocampal neural stem 
cells and neuronal regeneration. These outcomes exhibited that 
Rhodiola extract has the potential to enhance serotonergic signaling 
pathways and promote neurogenesis, thereby contributing to the 
reparative processes within the hippocampus in models of depres-
sion (61).

An observational study investigated a unique blend of Rhodiola 
rosea and Crocus sativus (saffron) in a group of 45 adults experiencing 
mild to moderate depression. Participants were administered two tab-
lets each day (containing 154 mg of rhodiola and 15 mg of saffron per 
tablet) for a duration of 6 weeks. Following the treatment period, the 
scores on the Hamilton Depression Rating Scale plummeted by an 
impressive 58% on average, with 85% of individuals noting a positive 
change. Remarkable decreases in both anxiety and depression scores 
were noted as quickly as 2 weeks into the study. Clinical evaluations 
from the patients and general practitioners alike revealed significant 
enhancements in depressive symptoms. This combination was well-
accepted, with no serious side effects reported. These findings dem-
onstrated that the duo of rhodiola and saffron might be a potent 
remedy for alleviating symptoms of depression and anxiety, although 
further placebo-controlled trials are necessary to validate the effective-
ness (62). Depression, a widespread mental health challenge, fre-
quently demonstrates minimal effectiveness with traditional 
antidepressants, underscoring the demand for innovative treatments. 
In an investigation, rats were exposed to a prolonged and unpredict-
able mild stress (CUMS) to evoke behaviors reminiscent of 

TABLE 1  (Continued)

Type of 
evidence

Design & 
Participants

Intervention Duration Results Conclusion Reference

Clinical Double-blind, 

placebo-controlled 

study; adults with 

moderate depression 

(HAM-D 17–23); 

n = 62 non-students

Rhodiola 

308 mg + Saffron 30 mg, 

2 tablets/day

6 weeks HAM-D: ↓↓ (10–12 

point reduction)

HADS-anxiety: ↓

HADS-depression: ↓

CGI-S/I: ↑ 

(improvement)

Combination 

improved 

psychological well-

being in non-

students; significant 

reduction in 

depression and 

anxiety; poor results 

in students

(63)

Preclinical 50 rats; CMS-induced 

depression

Rhodiola rosea (dose not 

specified)

3 weeks 5-HT: ↑↑

Cell proliferation: ↑↑

Cell differentiation: 

↑↑

Neuron quantity: ↑↑

Rhodiola rosea 

enhances 5-HT, 

promotes neural stem 

cell proliferation/

differentiation, and 

repairs hippocampal 

neurons in depressive 

rats

(64)

Increase (↑), no significant change (→), ↓ = modest decrease (improvement), ↓↓ = larger decrease (greater improvement).
MDD, major depressive disorder; HAM-D, Hamilton Depression Rating Scale; BDI, Beck Depression Inventory; CGI/C, Clinical Global Impression-Change; CGI-S, Clinical Global 
Impression-Severity; CGI-I, Clinical Global Impression-Improvement; PGIC, Patient Global Impression of Change; HADS, Hospital Anxiety and Depression Scale; CMS, chronic mild stress; 
CUMS, chronic unpredictable mild stress; 5-HT, 5-Hydroxytryptamine (serotonin); BrdU, bromodeoxyuridine; BDNF, brain-derived neurotrophic factor; TrkB, tropomyosin receptor kinase 
B; GSK-3β, glycogen synthase kinase 3 beta; SHR-5, standardized Rhodiola rosea extract SHR-5.
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depression. The interventions encompassed Herba Rhodiolae (0.04 g/
kg), venlafaxine (0.035 g/kg), and a synergistic approach combining 
Herba Rhodiolae with a GSK-3β inhibitor (10 μM). Behavioral assess-
ments revealed that all interventions mitigated depressive-like mani-
festations, with the combined therapy proving to be the most potent. 
On a mechanistic level, Herba Rhodiolae amplified BDNF/TrkB sig-
naling, while the GSK-3β inhibitor curtailed GSK-3β expression. This 
combination therapy effectively diminished abnormalities in the glu-
tamate system and rectified autophagy disruptions. These data showed 
that Herba Rhodiolae, especially when paired with GSK-3β inhibition, 
showcases antidepressant properties by orchestrating BDNF/TrkB-
GSK-3β signaling and neuroprotective mechanisms (56).

A clinical investigation was conducted to assess the therapeutic 
efficacy and safety profile of a synergistic formulation comprising 
Rhodiola rosea and Crocus sativus (saffron) in a cohort of 126 adults 
diagnosed with moderate depressive disorder over a duration of 
6 weeks. Participants were administered two tablets daily (containing 
308 mg of rhodiola and 30 mg of saffron) or a placebo control. Within 
the non-student demographic, the group receiving the supplement 
demonstrated a statistically significant decline in Hamilton Rating 
Scale for Depression (HAM-D) scores, achieving a reduction of 10 
points at 3 weeks and 12 points at 6 weeks, alongside enhanced remis-
sion rates and superior improvements in both anxiety and depression 
metrics compared to the placebo group. No statistically significant 
effects were discerned within the student subset. Adherence to the 
treatment regimen and overall tolerability were deemed satisfactory. 
These findings demonstrated that the combination of rhodiola and 
saffron can effectively ameliorate depressive symptoms in adults expe-
riencing moderate depression, particularly when clinical evaluations 
are utilized in conjunction with quantitative assessment tools (63). A 
preclinical investigation examined the impact of Rhodiola rosea on 
hippocampal serotonin (5-HT) concentrations, as well as neural pro-
liferation, differentiation, and neuron quantity in rats experiencing 
depression induced by chronic mild stress. A total of 50 rats were 
systematically assigned into five distinct groups, encompassing control 
and treatment cohorts that received Rhodiola or fluoxetine over a 
duration of 3 weeks. The assessment of hippocampal 5-HT concentra-
tions was conducted utilizing high-performance liquid chromatogra-
phy, while proliferating and differentiating cells were identified 
through labeling with BrdU and beta-tubulin III. In comparison to the 
control group, the cohort treated with Rhodiola exhibited restored 
5-HT concentrations, an increased prevalence of BrdU-positive and 
double-labeled cells, as well as normalized neuron quantities. These 
outcomes suggested that Rhodiola rosea may facilitate serotonergic 
functionality, enhance the proliferation and differentiation of neural 
stem cells, and potentially contribute to the repair of compromised 
hippocampal neurons in models of depression (64). Overall, numer-
ous preclinical and clinical investigations have scrutinized Rhodiola 
rosea (R. rosea) and its synergistic applications in the context of mild 
to moderate depressive disorders. Proof-of-concept studies have sub-
stantiated that R. rosea is both safe and well-tolerated, yielding modest 
antidepressant effects, with higher dosages correlating with enhanced 
efficacy. Phase III trials have validated that standardized extracts of 
R. rosea (SHR-5) lead to improvements in depressive symptoms, emo-
tional regulation, and sleep quality, accompanied by a minimal inci-
dence of adverse events. Preclinical research has indicated that R. rosea 
augments hippocampal serotonin levels, stimulates neural stem cell 
proliferation, and facilitates neuronal repair mechanisms. 

Observational and clinical investigations that incorporate R. rosea 
alongside Crocus sativus (saffron) have demonstrated rapid and sig-
nificant reductions in scores pertaining to depression and anxiety, 
particularly among adults who are not students. Mechanistically, 
R. rosea operates through BDNF/TrkB signaling pathways, serotoner-
gic modulation, and neuroprotective mechanisms, underscoring its 
potential as a safe and efficacious alternative or adjunctive treatment 
in the management of depression.

The clinical evidence for Rhodiola rosea is supported by multiple 
randomized, double-blind, placebo-controlled trials, including a 
phase III study evaluating the standardized extract SHR-5, which 
demonstrated statistically significant improvements in depressive 
symptoms with a favorable tolerability profile. Nevertheless, most 
clinical trials were limited by modest sample sizes and relatively short 
intervention periods (6–12 weeks), restricting conclusions regarding 
long-term efficacy and relapse prevention. Proof-of-concept compari-
sons with sertraline suggest a more favorable safety profile for R. rosea 
but indicate comparatively lower antidepressant potency. Preclinical 
studies provide robust mechanistic support, particularly through sero-
tonergic modulation, BDNF/TrkB signaling, and hippocampal neuro-
genesis, although translational dose equivalence remains uncertain. 
Overall, the evidence base for Rhodiola rosea is mechanistically coher-
ent and clinically promising, but larger, adequately powered head-to-
head trials are needed to more clearly define its therapeutic 
positioning.

5.4 Toxicology, pharmacokinetics, and 
standardization of Rhodiola rosea

Rhodiola rosea is generally regarded as safe and well tolerated 
when administered at clinically relevant doses. Human trials employ-
ing standardized extracts (e.g., SHR-5) at doses ranging from 200 to 
680 mg/day have reported a low incidence of adverse events, primar-
ily mild and transient symptoms such as dizziness, dry mouth, or 
gastrointestinal discomfort. Importantly, no significant hepatotoxic-
ity, nephrotoxicity, or cardiotoxicity has been observed in short- to 
medium-term studies (6–12 weeks). Long-term safety data remain 
limited; however, available evidence from repeated-dose animal 
studies and clinical observations suggests a favorable safety margin, 
with no evidence of dependence, tolerance, or withdrawal phe-
nomena (6).

The pharmacokinetic profile of Rhodiola rosea is largely driven 
by its key bioactive constituents, particularly salidroside and 
rosavin. Salidroside exhibits relatively rapid absorption following 
oral administration and demonstrates measurable penetration 
across the blood–brain barrier, consistent with its documented 
central neuroprotective and antidepressant effects. Preclinical 
studies indicate that salidroside reaches peak plasma concentra-
tions within 1–2 h and distributes to hippocampal and cortical 
regions. Although rosavin displays lower oral bioavailability, it may 
contribute synergistically through peripheral stress-modulating 
and MAO-inhibitory actions. Comprehensive human pharmaco-
kinetic data remain scarce, highlighting the need for further inves-
tigation into tissue distribution, metabolism, and elimination 
kinetics (6).

Standardization represents a critical determinant of Rhodiola’s 
reproducibility and clinical efficacy. Most high-quality preparations 
are standardized to a rosavin-to-salidroside ratio of approximately 
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3:1, which reflects the phytochemical composition of R. rosea root 
extracts used in clinical trials. The SHR-5 extract is among the most 
extensively studied formulations and serves as a benchmark for 
quality control. Variability in plant origin, harvesting conditions, 
and extraction methods can significantly alter phytochemical pro-
files, underscoring the importance of standardized manufacturing 
practices for clinical and translational applications (6).

6 Ginkgo biloba

6.1 Active constituents

Ginkgo biloba represents one of the most extensively investigated 
phytotherapeutic agents, recognized for its neuroprotective and cogni-
tive-enhancing attributes. The pharmacological mechanisms of 
G. biloba are predominantly ascribed to its standardized leaf extracts, 
which encompass flavonoids (quercetin, kaempferol, isorhamnetin), 
terpenoids (ginkgolides A, B, C, J, and bilobalide), organic acids, and 
polyphenols (65). Flavonoids are instrumental in providing significant 
antioxidant and free radical-scavenging capabilities, whereas gink-
golides and bilobalide are acknowledged for their neuroprotective, anti-
apoptotic, and anti-inflammatory properties. Standardized extracts, 

such as EGb 761, are frequently employed in clinical investigations to 
guarantee uniform concentrations of these bioactive constituents.

6.2 Mechanisms of action

The antidepressant and neuroprotective properties of Ginkgo biloba 
are attributable to its multifaceted mechanisms of action (Figure 2). It 
modulates the monoaminergic system by augmenting serotonergic, 
dopaminergic, and noradrenergic neurotransmission, thereby facilitat-
ing mood regulation and cognitive functioning (66). G. biloba further 
demonstrates neurotrophic effects through the upregulation of BDNF 
expression and the enhancement of synaptic plasticity, consequently 
promoting neuronal resilience and neurogenesis (67). The anti-inflam-
matory properties of G. biloba encompass the attenuation of pro-inflam-
matory cytokines, such as IL-1β, IL-6, and TNF-α, alongside the 
inhibition of NF-κB signaling pathways, which collectively mitigate 
neuroinflammation that is implicated in depressive pathology (10). Its 
antioxidant capabilities are instrumental in neutralizing reactive oxygen 
species (ROS), preventing lipid peroxidation, and safeguarding neuro-
nal mitochondria, thereby enhancing energy metabolism and diminish-
ing apoptosis. Moreover, Ginkgo biloba exerts protective effects on 
mitochondria by stabilizing the mitochondrial membrane potential, 
augmenting ATP production, and diminishing cytochrome c release, 
which collectively bolster neuronal survival in the face of stressors (10).

FIGURE 2

Mechanistic pathways underlying the antidepressant and neuroprotective effects of Ginkgo biloba. This figure illustrates the multifaceted biological 
mechanisms through which Ginkgo biloba exerts antidepressant and neuroprotective actions. Bioactive constituents—including flavonoids (quercetin, 
kaempferol, isorhamnetin) and terpenoids (ginkgolides A–J and bilobalide)—modulate monoaminergic neurotransmission by enhancing serotonergic, 
dopaminergic, and noradrenergic signaling. Ginkgo biloba promotes neurotrophic activity through the upregulation of brain-derived neurotrophic 
factor (BDNF), thereby improving synaptic plasticity, neuronal resilience, and neurogenesis. The extract reduces neuroinflammation by inhibiting NF-κB 
activation and decreasing pro-inflammatory cytokines such as IL-1β, IL-6, and TNF-α. Its flavonoid-rich antioxidant activity neutralizes reactive oxygen 
species and prevents lipid peroxidation, while its terpenoid components protect mitochondria by stabilizing mitochondrial membrane potential, 
increasing ATP production, and reducing cytochrome c release, collectively diminishing apoptosis and enhancing neuronal survival. Together, these 
mechanisms contribute to improved mood regulation, cognitive functioning, and neuroprotection in depressive pathology. (A) Active constituents of 
Ginkgo biloba. (B) Neurotrophic signaling & synaptic plasticity of Ginkgo biloba. (C) Antioxidant and anti-inflammatory actions of Ginkgo biloba. 
(D) Cerebrovascular support & mitochondrial protection of Ginkgo biloba.
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6.3 Preclinical and clinical evidence

A clinical investigation was conducted to assess the impact of 
Ginkgo biloba extract (EGb) as a supplementary treatment to citalo-
pram in a cohort of 136 geriatric patients diagnosed with depression. 
The participants were stratified into two equal groups: one receiving 
EGb (Harbin HaoBo Pharmaceutical Co., Ltd. for treatment, 19.2 mg 
per time, and 3 times a day) in conjunction with citalopram (20 mg 
per day) and the other receiving citalopram exclusively. The severity 
of depression (measured by HAMD), levels of anxiety (assessed by 
HAMA), cognitive capabilities (evaluated through WCST), and serum 
S100B concentrations were thoroughly examined. The group receiving 
the combination therapy exhibited a more rapid onset of antidepres-
sant efficacy, marked enhancements in HAMD and HAMA scores, 
and superior cognitive performance, characterized by a reduction in 
errors and an increase in accurate classifications on the WCST. Serum 
S100B, which serves as a biomarker for brain injury, demonstrated a 
more pronounced reduction in the EGb + citalopram cohort and 
exhibited a correlation with levels of depression, anxiety, and cognitive 
impairments. These outcomes showed that EGb not only augments 
the antidepressant effects but also facilitates improvements in cogni-
tive functioning and may contribute to the restoration of neurological 
function in older adult patients (68) (Table 2). Sleep disturbances 
coupled with cognitive deficits are prevalent among patients diag-
nosed with depression who are undergoing treatment with conven-
tional antidepressants, thereby underscoring the necessity for 
supplementary therapeutic interventions. A preliminary open-label 
investigation assessed the impact of Ginkgo biloba extract (EGb LI 
1370) on both sleep quality and cognitive function in a cohort of 16 
inpatients receiving trimipramine (69). Out of these, eight participants 
were administered adjunctive EGb (240 mg/day) over a four-week 
duration, while the remaining eight continued solely with trimipra-
mine monotherapy. Polysomnographic analysis indicated that EGb 
significantly enhanced sleep efficiency, diminished the frequency of 
awakenings, reduced the duration of stage 1 sleep and the density of 
REM sleep, and augmented both stage 2 and slow-wave non-REM 
sleep; these effects were notably reversed following the cessation of 
EGb. These findings exhibited that EGb may facilitate improvements 
in sleep continuity and non-REM sleep among individuals with 
depression, potentially via the modulation of corticotropin-releasing 
hormone (CRH) activity, thereby presenting a promising adjunctive 
approach for the management of sleep disturbances associated with 
depression (69).

Stable angina pectoris (SAP) frequently coexists with depressive 
disorders, which adversely impacts both prognosis and overall quality 
of life. A randomized, double-blind, multicenter clinical trial investi-
gated the efficacy and safety of Ginkgo biloba dropping pill (GBDP) as 
an adjunctive treatment to standard therapy in a cohort of 72 SAP 
patients presenting with depression over a duration of 12 weeks (70). 
The participants were administered either GBDP or a placebo (5 pills, 
three times a day) in conjunction with standard treatment. GBDP 
demonstrated an improvement in angina stability, exhibited a trend 
toward a reduction in weekly angina episodes, and significantly 
enhanced quality of life, as assessed through SF-36 scores, in compari-
son to baseline measurements. Both treatment groups experienced 
improvements in depressive symptoms (as indicated by HAMD 
scores), with no statistically significant difference observed in the inci-
dence of adverse events. These findings implied that GBDP, when 
utilized alongside conventional therapy, effectively alleviates angina 

symptoms, improves quality of life, and may contribute to a reduction 
in depressive symptoms among patients with SAP (70). A clinical trial 
was conducted to evaluate the impact of Ginkgo biloba on cognitive 
function and depressive symptoms among 81 inpatients undergoing 
bilateral electroconvulsive therapy (ECT) for the treatment of major 
depressive disorder. Participants were systematically randomized to 
receive either Ginkgo biloba capsules (40 mg administered every 8 h) 
or a placebo throughout the two-week duration of ECT. Cognitive 
function was assessed utilizing the Mini-Mental State Examination, 
while the severity of depression was measured employing the 
Hamilton Depression Rating Scale at both pre- and post-ECT inter-
vals. Both treatment cohorts exhibited significant enhancements in 
cognitive performance and depressive symptoms; however, the group 
receiving Ginkgo biloba exhibited more pronounced improvements in 
both cognitive and affective domains. These outcomes showed that 
Ginkgo biloba, potentially attributable to its flavonoid and antioxidant 
constituents, may facilitate cognitive recuperation and ameliorate 
depressive symptoms in individuals undergoing ECT (71).

A preclinical investigation examined the impacts of Ginkgo biloba 
extract (EGb) and venlafaxine on depression elicited by chronic and 
multifaceted stressors in a rat model (72). Exposure to stress resulted 
in diminished hippocampal brain-derived neurotrophic factor 
(BDNF) expression in the CA3 region of neurons, a decrease in 
exploratory behavior, an increase in fecal output, and heightened 
levels of neuronal nitric-oxide synthase (nNOS), all of which are 
indicative of neural impairment (72). Administration of EGb (40 mg/
kg) and venlafaxine (15 mg/kg) reinstated BDNF expression, 
enhanced exploratory behavior, and lowered nNOS levels as well as 
stress-related physiological responses. These results imply that EGb, 
particularly when utilized in conjunction with venlafaxine, confers 
neuroprotective properties, alleviates stress-induced neural damage, 
and mitigates depressive-like behaviors. This underscores the potential 
of EGb as a complementary therapeutic approach to augment neuro-
nal safeguarding while concurrently diminishing the adverse effects 
associated with traditional antidepressant treatments (72). Totally, few 
clinical and preclinical studies have demonstrated the antidepressant 
and neuroprotective potential of Ginkgo biloba (EGb). In elderly 
patients with depression, EGb combined with citalopram accelerated 
therapeutic onset, improved depressive and anxiety symptoms, 
enhanced cognitive performance, and reduced serum S100B, a marker 
of neuronal injury. EGb also improved sleep quality in depressed inpa-
tients by increasing sleep efficiency, enhancing non-REM slow-wave 
sleep, and reducing awakenings, likely via modulation of CRH activity. 
Among patients with stable angina pectoris and comorbid depression, 
adjunctive GBDP improved angina stability, quality of life, and depres-
sive symptoms. Ginkgo biloba further enhanced cognition and mood 
in patients undergoing ECT and, in rat models of stress-induced 
depression, mitigated neural damage, restored hippocampal BDNF, 
and reduced nNOS, highlighting its role as a safe and effective adjunc-
tive therapy for depression and neuroprotection.

The evidence supporting Ginkgo biloba in depression is character-
ized by heterogeneity in study design and clinical application, with 
most trials evaluating its role as an adjunctive rather than a stand-
alone antidepressant. Randomized and controlled studies indicate 
beneficial effects on depressive symptoms, sleep quality, cognitive 
function, and neurobiological markers when Ginkgo biloba is com-
bined with conventional antidepressants or cardiovascular therapies. 
However, variability in formulations, dosing regimens, and outcome 
measures limits direct cross-study comparability. Preclinical 
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TABLE 2  Preclinical and clinical evidence on the antidepressant effects of Ginkgo biloba and its combinations: mechanisms and efficacy.

Type of 
evidence

Population/
Model

Duration Intervention Comparators Result(s) Conclusion(s) Reference

Clinical 136 elderly 

patients with 

depression

12-week 

treatment 

period, with 

evaluations at 

multiple time 

points (2, 4, 6, 

8, and 

12 weeks)

EGb + Citalopram Citalopram alone Faster 

antidepressant 

onset; greater 

reductions in 

HAM-D and 

HAM-A scores; 

improved 

WCST 

performance; 

decreased serum 

S100B levels, 

with S100B 

changes 

correlated with 

symptom 

severity

A synergistic effect 

of EGb with 

antidepressant 

therapy and potential 

restoration of 

neurologic function 

in elderly patients 

with depression

(68)

Clinical 16 depressed 

inpatients

6 weeks of 

trimipramine 

monotherapy

Trimipramine + EGb 

(240 mg/day)

Trimipramine alone Increased sleep 

efficiency; 

reduced 

nocturnal 

awakenings; 

decreased stage 

1 sleep and 

REM density; 

increased stage 

2 and non-REM 

sleep; effects 

reversed after 

treatment 

discontinuation

EGb may enhance 

sleep continuity in 

depressed patients 

with sleep 

disturbance

(69)

Clinical 72 patients with 

SAP + depression

12-week GBDP + standard 

therapy

Placebo + standard 

therapy

Improved 

angina stability; 

reduced angina 

frequency; 

improved SF-36 

subscales; 

greater 

improvement in 

PCS; HAMD 

improved in 

both groups; 

good safety 

profile

No significant 

differences in 

adverse events 

between groups were 

observed, supporting 

the safety of GBDP 

in this population

(70)

(Continued)
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investigations consistently demonstrate neuroprotective, anti-inflam-
matory, and monoaminergic effects, strengthening biological plausi-
bility. Despite these mechanistic strengths, the paucity of large-scale 
monotherapy trials and limited long-term outcome data constrain 
definitive conclusions regarding its independent antidepressant 
efficacy.

6.4 Toxicology, pharmacokinetics, and 
standardization of Ginkgo biloba

Although Ginkgo biloba leaf extract is widely perceived as safe due 
to its natural origin, the article emphasizes that its toxicological profile 
is not fully understood, particularly for long-term use. Human epide-
miological data linking GBE to toxicity or cancer risk are scarce, partly 
because U.S. regulations do not require manufacturers of dietary 
supplements to submit toxicity data. As a result, adverse events may 
be underreported (73). Standardized Ginkgo biloba leaf extracts gener-
ally exhibit low acute and sub-chronic toxicity when used at recom-
mended doses. Animal studies show high LD₅₀ values, suggesting a 
wide margin of safety. However, adverse effects such as gastrointestinal 
discomfort, headache, dizziness, and allergic skin reactions have been 
reported in humans. Of particular concern is the potential for 
increased bleeding risk, attributed mainly to ginkgolides’ platelet-
activating factor (PAF) antagonism. The presence of ginkgolic acids is 
associated with cytotoxicity and allergenicity, underscoring the need 
to limit their concentration in commercial products (74).

Pharmacokinetic data indicate that the major active constitu-
ents of Ginkgo biloba, including flavonoids and terpene lactones 
(ginkgolides A, B, C, and bilobalide), are absorbed following oral 
administration, though their bioavailability varies. Terpene lac-
tones are relatively well absorbed and can cross the blood–brain 
barrier, supporting their proposed neurological effects. 
Metabolism occurs primarily in the liver, with elimination via 
urine and bile. Variability in pharmacokinetic profiles among indi-
viduals, may influence clinical efficacy and safety, particularly 
when Ginkgo biloba is taken concomitantly with other medica-
tions (74).

In addition, ginkgolic acids and related alkylphenols, naturally 
present in ginkgo leaves, are strongly allergenic and cytotoxic. These 
compounds can induce severe contact dermatitis and immunotoxic 
effects, similar to poison ivy reactions. Although standardized extracts 
are processed to reduce ginkgolic acid content to below 5 ppm, vari-
ability among commercial products may still pose safety risks. The 
presence of minor constituents such as 2-hexenal, an α,β-unsaturated 
aldehyde capable of forming DNA adducts, which may contribute to 
carcinogenic risk when exposure is chronic (73).

Standardization is critical for ensuring the safety, efficacy, and 
reproducibility of Ginkgo biloba preparations. Most clinical studies 
rely on standardized extracts such as EGb 761, typically containing 
approximately 24% flavonoid glycosides and 6% terpene lactones, with 
ginkgolic acids restricted to minimal levels. Without proper standard-
ization, significant variability in chemical composition can occur, 

TABLE 2  (Continued)

Type of 
evidence

Population/
Model

Duration Intervention Comparators Result(s) Conclusion(s) Reference

Clinical 81 inpatients with 

major depression 

receiving ECT

2 weeks Ginkgo pill 40 mg 

q8h

Placebo Greater 

improvement in 

cognition and 

depression 

scores compared 

with placebo; 

significant 

improvements 

post-ECT; 

suggests 

antioxidant/

flavonoid effects

Adjunctive Ginkgo 

biloba tablets 

improved cognitive 

status and reduced 

depressive symptoms 

compared with 

placebo in patients 

with major 

depression 

undergoing 

electroconvulsive 

therapy

(71)

Preclinical Rat model 

induced by 

chronic stress

Exact number 

of weeks is not 

specified

EGb + venlafaxine Untreated depressed 

rats

Increased 

BDNF; reduced 

nNOS; 

improved 

exploration 

behavior; 

reduced fecal 

output; 

synergistic 

neuroprotective 

effects with 

venlafaxine

EGb augments the 

neuroprotective and 

antidepressant effects 

of venlafaxine

(72)

HAMD, Hamilton Depression Rating Scale; HAMA, Hamilton Anxiety Rating Scale; WCST, Wisconsin Card Sorting Test; EGb, Ginkgo biloba extract; Cit, Citalopram; SAQ, Seattle Angina 
Questionnaire; SF-36, 36-Item Short-Form Health Survey; PCS, Physical Component Summary; MMSE, Mini-Mental State Examination; BDNF, brain-derived neurotrophic factor; nNOS, 
neuronal nitric oxide synthase.
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leading to inconsistent therapeutic outcomes and increased risk of 
adverse effects (74).

7 Ashwagandha (Withania somnifera)

7.1 Bioactive components

Ashwagandha, a prominent adaptogenic herb utilized in the con-
text of Ayurvedic medicine, encompasses a wide spectrum of bioactive 
phytochemicals that form the basis of its therapeutic efficacy. The 
principal active ingredients are withanolides, a class of steroidal lac-
tones, which are regarded as the primary agents responsible for its 
neuroprotective and psychotropic effects (75). Additionally, other sig-
nificant constituents comprise alkaloids, saponins, withanosides, and 
sitoindosides, which manifest antioxidant, anti-inflammatory, and 
anxiolytic properties (76). Withanolides function as pleiotropic com-
pounds that modulate central nervous system signaling pathways, 
maintain redox equilibrium, and facilitate immune regulation. In pre-
clinical investigations, withanolide A and withanone have demon-
strated substantial neuroregenerative capabilities, encompassing 
dendritic proliferation and synaptic reconstruction (77). The syner-
gistic interplay among withanolides, sitoindosides, and saponins 
seemingly propels the adaptogenic attributes of Ashwagandha by 
modulating the responses of stress hormones, regulating neurotrans-
mitter systems, and augmenting the expression of neurotrophic 
factors.

7.2 Mechanisms of action

Ashwagandha demonstrates antidepressant properties through 
the integration of monoaminergic, neurotrophic, and anti-inflamma-
tory pathways, thereby establishing its potential as a natural adjunct 
in the management of mood disorders. A multitude of investigations 
suggest that Ashwagandha augments monoaminergic neurotransmis-
sion by elevating the concentrations of serotonin (5-HT), dopamine 
(DA), and norepinephrine (NE) within the central nervous system (78, 
79). The withanolides present in Ashwagandha may influence mono-
amine oxidase (MAO) activity, which subsequently enhances the syn-
aptic availability of monoamines. Preclinical research has indicated 
that Withania somnifera elicits antidepressant-like effects that are com-
parable to those of imipramine and fluoxetine, thereby corroborating 
its involvement in serotonergic and noradrenergic signaling cascades 
(78). Chronic inflammation constitutes a significant factor contribut-
ing to the etiology of depression, while Ashwagandha exhibits pro-
nounced anti-inflammatory properties. Withaferin A exerts inhibitory 
effects on NF-κB, COX-2, and pro-inflammatory cytokines, including 
TNF-α, IL-1β, and IL-6 (80, 81). These mechanisms serve to diminish 
neuroinflammation and alleviate the inflammatory burden present in 
peripheral tissues. In preclinical models that simulate stress-induced 
depression, supplementation with Ashwagandha has been shown to 
markedly reduce the release of cytokines, restore antioxidant defenses 
(e.g., glutathione, superoxide dismutase), and lower markers indicative 
of oxidative stress (82). Through the concurrent modulation of inflam-
matory, oxidative, and neuroendocrine pathways, Ashwagandha effec-
tively disrupts the positive feedback loop that exists between stress, 
inflammation, and compromised neurotransmission, thereby promot-
ing mood stabilization. Both clinical and preclinical investigations 

have substantiated significant reductions in cortisol concentrations 
following the administration of Ashwagandha (83). Withanolides are 
known to engage with GABAergic and serotonergic pathways, which 
mitigates the hyperactivation of the HPA axis, resulting in enhanced 
stress tolerance and anxiolytic effects (78). Oxidative stress is funda-
mentally implicated in the etiology of depressive disorders. The herbal 
supplement Ashwagandha augments endogenous antioxidant mecha-
nisms by elevating the activity of catalase, glutathione peroxidase, and 
superoxide dismutase, concomitantly diminishing the process of lipid 
peroxidation (84). Additionally, its protective effects on mitochondrial 
function further bolster neuronal energy metabolism and enhance 
resilience against damage precipitated by stress.

7.3 Preclinical and clinical evidence

A randomized controlled trial was conducted to assess the thera-
peutic efficacy and safety of Ayurvedic interventions, specifically tablet 
Brahmi vati 500 mg thrice a day and Liquid Aswagandarista 10 mL 
thrice a day, in comparison to escitalopram among 50 participants diag-
nosed with major depressive disorder over a duration of 60 days (85). 
The participants underwent evaluations at 15-day intervals utilizing the 
Hamilton Depression Rating Scale (HDRS), Hamilton Anxiety Rating 
Scale (HARS), Clinical Global Impression (CGI) scales, the Udvalg for 
Kliniske Undersøgelser (UKU) side effect scale, the World Health 
Organization Quality of Life-BREF (WHOQOL-BREF), the Pittsburgh 
Sleep Quality Index (PSQI), and the Brief Psychiatric Rating Scale 
(BPRS). Both cohorts exhibited statistically significant enhancements in 
the domains of depression, anxiety, psychotic manifestations, and overall 
clinical assessments. The Ayurvedic cohort revealed superior advance-
ments in quality-of-life metrics and a reduced incidence of adverse 
effects, whereas the control group displayed improved sleep quality. The 
laboratory investigations, encompassing liver function assays and serum 
creatinine levels, consistently remained within standardized normal 
ranges. These results suggested that Brahmi vati and Aswagandarista 
may serve as effective and safe alternatives to traditional antidepressants, 
providing supplementary advantages in terms of quality of life and toler-
ability (85) (Table 3). A preclinical investigation assessed the antidepres-
sant properties of Ashwagandha in adolescent rodents subjected to 
chronic unpredictable mild stress (CUMS). Depression-like behaviors 
were elicited, and the adolescent rats received either Ashwagandha 
(50 mg/kg/day) or sertraline (5.0 mg/kg/day) as treatment. Behavioral 
evaluations (forced swim, sucrose preference, and elevated plus maze) 
in conjunction with biochemical and histological assessments were 
employed to gauge the effects of the interventions (86). The CUMS para-
digm resulted in an elevation of pro-apoptotic proteins (Bax, caspase-3) 
and inflammatory markers (TNF-α, IL-1β), concurrently leading to a 
decrease in BDNF and GFAP levels. Treatment with Ashwagandha 
effectively ameliorated these alterations, demonstrating superior efficacy 
compared to sertraline, and additionally mitigated stress-induced weight 
reduction. These data showed that Ashwagandha demonstrates antide-
pressant-like effects in models of adolescent depression by attenuating 
apoptosis, neuroinflammation, and enhancing neurotrophic factors, 
thereby underscoring its potential as a therapeutic agent for early inter-
vention in adolescent depressive disorders (86).

A preliminary investigation assessed the therapeutic efficacy of 
Ashwagandha Siddha Tailadhara, an Ayurvedic Panchakarma interven-
tion, in a cohort of 10 individuals diagnosed with Avasada (depression). 
Tailadhara encompasses the systematic infusion of medicated oil onto 
the forehead and is conventionally employed for the treatment of 
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TABLE 3  Preclinical and clinical evidence on the antidepressant effects of Ashwagandha: mechanisms and efficacy.

Type of 
evidence

Population/
Design

Intervention Controls Duration Result(s) Conclusion Reference

Clinical 50 adults with 

MDD (DSM-5); 

randomized 

controlled, 60-day 

intervention

Brahmi vati 500 mg 

TID + Aswagandharista 

10 mL TID

Escitalopram 

10 mg BID

60-day 

(approximately 

8-week)

Ayurveda 

group showed 

significantly 

better 

WHOQOL-

BREF and 

UKU scores; 

escitalopram 

better for PSQI; 

both groups 

improved 

significantly on 

HDRS, HARS, 

BPRS, CGI; 

labs remained 

normal

Ayurvedic treatment 

with Brahmi vati and 

Aswagandharista 

produced 

improvements in 

depressive symptoms 

comparable to 

escitalopram, with 

better quality-of-life 

scores and fewer side 

effects

(85)

Clinical Adolescent rats 

exposed to chronic 

unpredictable mild 

stress

Ashwagandha extract Escitalopram 

10 mg BID

17-day CUMS ↑ 

apoptosis & 

inflammation; 

↓ BDNF & 

GFAP. 

Ashwagandha 

more effective 

than sertraline 

in reducing 

apoptosis & 

inflammation 

and restoring 

BDNF/GFAP; 

prevented 

weight loss

Ashwagandha 

treatment produced 

antidepressant-like 

effects in adolescent 

rats exposed to 

CUMS, reducing 

markers of neuronal 

apoptosis and 

neuroinflammation 

and improving 

behavioral measures 

compared with 

stressed controls, 

suggesting its 

potential utility in 

ameliorating 

depression-like states

(86)

Clinical 10 elderly patients 

with Avasada 

(depression)

Ashwagandha Siddha 

Tailadhara (Shirodhara 

with medicated oil)

None (single-

arm pilot)

Not specified Highly 

significant 

improvement 

(p < 0.0001) in 

key depressive 

symptoms and 

HDRS 

domains, 

especially 

insomnia; 

non-habit 

forming and 

well tolerated

Ashwagandha 

Siddha Tailadhara 

significantly 

improved depressive 

symptoms and sleep 

disturbances in 

elderly patients and 

was well tolerated, 

indicating its 

potential as a non-

habit-forming 

intervention for 

depression in older 

adults

(87)

(Continued)
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insomnia, cephalalgia, hypertension, and depressive disorders. 
Participants were evaluated for amelioration in subjective symptoms as 
well as modifications in Hamilton Depression Rating Scale (HDRS) 
scores. The intervention yielded markedly significant enhancements in 
fatigue, diminished motivation, and anhedonia, alongside notable 
improvements in sleep disturbances, particularly those occurring in the 
middle of the night and early morning insomnia. The procedure was 
administered with a high degree of tolerability, did not induce depen-
dency, and exhibited both stress-relieving and tranquilizing properties. 
These findings indicated that Ashwagandha Siddha Tailadhara serves as 
a viable intervention for the management of depression in the elderly 
demographic (87). A randomized, double-blind, placebo-controlled 
investigation was conducted to assess the effects of standardized 
Ashwagandha root extract (ARE, 500 mg/day containing 2.5% withano-
lides and 5 mg piperine) on individuals experiencing mild to moderate 
depression and anxiety over a 90-day period involving 70 participants. 
The outcomes measured encompassed Hamilton Depression Rating 
Scale (HDRS) and Hamilton Anxiety Rating Scale (HARS) scores, sleep 
quality evaluated via the Global Sleep Quality Scale (GSQS), and overall 
quality of life (QOL). Supplementation with ARE resulted in statistically 
significant enhancements in depression, anxiety, sleep quality, and over-
all QOL in comparison to the placebo group at all assessed time points. 
Notably, serum serotonin levels exhibited an increase within the ARE 
group, in contrast to a decrease observed in the placebo cohort. The 
extract demonstrated a favorable safety profile, characterized by the 
absence of significant adverse events or laboratory abnormalities. These 
results substantiate the efficacy and safety of ARE in ameliorating mood, 
anxiety, and neurochemical equilibrium in individuals with mild to 
moderate depression (88). Overall, clinical and preclinical investigations 
suggest that Ayurvedic interventions, notably Brahmi vati, 
Aswagandarista, and Ashwagandha (root extract or Siddha Tailadhara), 
exhibit efficacy and safety in the management of depressive disorders. 
Brahmi vati and Aswagandarista demonstrated efficacy comparable to 
that of escitalopram, in conjunction with enhanced quality of life and 

diminished side effects. Ashwagandha has revealed antidepressant-like 
properties in adolescent models of depression through the attenuation 
of apoptosis, reduction of neuroinflammation, and promotion of neuro-
trophic factors. In geriatric populations, Ashwagandha Siddha Tailadhara 
has been shown to ameliorate mood, increase motivation, and improve 
sleep quality, whereas standardized Ashwagandha root extract has been 
associated with enhancements in depression, anxiety, sleep quality, and 
serotonin levels among adults experiencing mild to moderate depressive 
symptoms. Collectively, these findings lend credence to the therapeutic 
potential of Ashwagandha-based interventions as promising and well-
tolerated alternatives or adjuncts in the treatment of depressive disorders.

Clinical evidence for Ashwagandha includes several randomized, 
double-blind, placebo-controlled trials demonstrating reductions in 
depressive and anxiety symptoms, improved sleep quality, and favor-
able tolerability, often accompanied by mechanistic signals such as 
increased serotonin levels and modulation of stress biomarkers. 
However, many studies were conducted in populations with mild to 
moderate symptoms and lacked active antidepressant comparators, 
limiting conclusions regarding relative efficacy. Additionally, hetero-
geneity in extract formulations, dosing strategies, and phytochemical 
standardization complicates clinical translation. Preclinical models 
consistently support antidepressant-like effects mediated through 
serotonergic, anti-inflammatory, and neuroprotective pathways, pro-
viding strong mechanistic rationale. Collectively, the evidence posi-
tions Ashwagandha as a promising stress-modulating and adjunctive 
intervention, though larger comparator-controlled trials are required 
to establish its role in major depressive disorder (Figure 3).

7.4 Phytochemistry, extraction advances, 
and pharmacological significance of 
Withania somnifera (Ashwagandha)

Withania somnifera (L.) Dunal, commonly known as 
Ashwagandha, is a widely used medicinal plant in traditional 

TABLE 3  (Continued)

Type of 
evidence

Population/
Design

Intervention Controls Duration Result(s) Conclusion Reference

Clinical 70 adults with 

mild–moderate 

depression & 

anxiety; 90-day 

double-blind RCT

500 mg Ashwagandha 

extract (2.5% 

withanolides) + 5 mg 

piperine daily

Placebo 90-day (12-

week)

ARE group 

showed 

significantly 

greater 

improvements 

(p < 0.001) in 

anxiety, 

depression, 

sleep quality, 

and QOL; 

serum 

serotonin 

increased (vs. 

decreased in 

placebo); well 

tolerated

Adjunctive treatment 

with a standardized 

Withania somnifera 

root extract (500 mg, 

2.5% withanolides) 

plus piperine 

significantly 

improved depressive 

and anxiety 

symptoms, sleep 

quality, and quality 

of life compared with 

placebo

(88)

MDD, major depressive disorder; DSM-5, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; RCT, randomized controlled trial; TID, three times daily; BID, twice daily; 
WHOQOL-BREF, World Health Organization Quality of Life-BREF; UKU, Udvalg for Kliniske Undersøgelser Side Effect Rating Scale; PSQI, Pittsburgh Sleep Quality Index; HDRS, Hamilton 
Depression Rating Scale; HARS, Hamilton Anxiety Rating Scale; BPRS, Brief Psychiatric Rating Scale; CGI, clinical global impression; CUMS, chronic unpredictable mild stress; BDNF, brain-
derived neurotrophic factor; GFAP, glial fibrillary acidic protein; ARE, Ashwagandha root extract; QOL, quality of life.
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medicine systems and has attracted growing scientific interest due to 
its broad pharmacological potential. Native to arid and semi-arid 
regions of South Asia, Ashwagandha has been traditionally employed 
as a rejuvenating tonic and adaptogen (89). Contemporary research 
has expanded its relevance by elucidating its phytochemical composi-
tion, molecular mechanisms of action, and therapeutic significance in 
chronic and systemic disorders (89). The pharmacological activity of 
Ashwagandha is primarily attributed to a diverse range of bioactive 
constituents, among which withanolides constitute the most impor-
tant class (90). Withanolides are naturally occurring steroidal lactones 
derived from an ergostane framework, and their structural diversity, 
arising from variations in oxidation, hydroxylation, and glycosylation, 
underlies their multitarget biological effects. Key compounds such as 
withaferin A, withanolide A, and withanosides have demonstrated 
antioxidant, anti-inflammatory, neuroprotective, immunomodulatory, 
and anticancer activities. In addition, alkaloids, flavonoids, phenolic 
compounds, and saponins contribute synergistically to the plant’s 
adaptogenic and therapeutic properties (89, 90).

Advances in extraction technologies have significantly improved 
the recovery and stability of Ashwagandha phytochemicals (91). 
While conventional aqueous and alcoholic extractions remain widely 
used, modern techniques such as supercritical fluid extraction, micro-
wave-assisted extraction, and ultrasound-assisted extraction offer 
superior efficiency, enhanced selectivity for withanolides, and reduced 

solvent usage. These methods allow better preservation of thermola-
bile compounds and improve batch-to-batch consistency, which is 
essential for pharmaceutical and nutraceutical applications (89, 91).

Despite promising pharmacological profiles, the safety and toxi-
cology of Ashwagandha warrant careful consideration. Acute and 
subchronic toxicity studies in rodents generally report high LD₅₀ 
values and no significant adverse effects at commonly used doses, 
indicating a wide safety margin. However, several investigations have 
documented dose-dependent effects on liver enzymes and histopatho-
logical changes in high-dose groups, suggesting potential hepatotoxic-
ity under excessive or prolonged exposure. Reproductive toxicity 
studies in animal models have reported altered sperm parameters and 
effects on estrous cyclicity at supra-therapeutic doses (92). Human 
clinical trials typically report mild gastrointestinal disturbances and 
occasional allergic reactions, but rare cases of elevated liver enzymes 
have been noted, underscoring the need for cautious use, especially in 
individuals with preexisting liver conditions (92, 93).

8 Translational and clinical implications

The convergent yet distinct neurobiological actions of Rhodiola 
rosea, Ginkgo biloba, and Withania somnifera (Ashwagandha) provide 

FIGURE 3

Multimodal antidepressant and adaptogenic mechanisms of Withania somnifera (Ashwagandha). This figure summarizes the interconnected molecular 
and cellular mechanisms underlying the antidepressant and adaptogenic effects of Withania somnifera. (A) Bioactive constituents of Ashwagandha, 
including withanolides (e.g., withaferin A and withanolide A), withanosides, and sitoindosides/saponins, modulate monoaminergic neurotransmission by 
increasing the availability of serotonin (5-HT), dopamine (DA), and norepinephrine (NE), in part through regulation of monoamine oxidase activity, 
contributing to mood stabilization and antidepressant-like effects. (B) Ashwagandha enhances neurotrophic signaling by upregulating brain-derived 
neurotrophic factor (BDNF) and activating TrkB-CREB-dependent transcription, thereby promoting synaptic plasticity, neuronal survival, neurite 
outgrowth, and neuronal repair, as demonstrated in chronic stress and adolescent chronic unpredictable mild stress (CUMS) models. (C) Anti-
inflammatory, antioxidant, and anti-apoptotic actions of Ashwagandha include suppression of NF-κB signaling and reduced levels of pro-inflammatory 
cytokines (TNF-α, IL-1β, IL-6), enhancement of endogenous antioxidant defenses (glutathione, superoxide dismutase, catalase), attenuation of lipid 
peroxidation, and downregulation of pro-apoptotic markers such as Bax and caspase-3. (D) Ashwagandha regulates hypothalamic-pituitary-adrenal 
(HPA) axis activity by reducing cortisol levels and normalizing stress responses, while also preserving mitochondrial integrity, improving neuronal energy 
metabolism, and limiting stress-induced mitochondrial dysfunction. Collectively, these multimodal actions converge to produce antidepressant and 
anxiolytic effects, manifested as reduced depressive and anxiety symptoms, improved sleep quality and quality of life, and enhanced stress resilience.
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a mechanistically informed framework for their rational translation 
into clinical practice. Rather than functioning as isolated antidepres-
sant agents, these botanicals target complementary nodes within the 
interconnected pathophysiology of depressive disorders, encompass-
ing monoaminergic dysregulation, impaired neurotrophic signaling, 
HPA-axis hyperactivity, neuroinflammation, oxidative stress, and 
mitochondrial dysfunction. This systems-level convergence supports 
their potential utility as adjunctive or phenotype-specific interven-
tions within personalized treatment strategies (94, 95).

Ginkgo biloba exhibits a distinct translational profile, with antide-
pressant benefits emerging most clearly in populations with cognitive 
impairment, neurovascular compromise, or age-related vulnerability. 
Its ability to preserve mitochondrial integrity, enhance cerebral perfu-
sion, mitigate oxidative stress, and support synaptic plasticity posi-
tions it as a neuroprotective adjunct rather than a primary 
monoaminergic antidepressant. Clinical evidence indicating acceler-
ated antidepressant response, improved cognition, enhanced sleep 
architecture, and reduced biomarkers of neuronal injury in elderly and 
medically comorbid populations underscores its relevance in late-life 
depression and depression associated with cognitive or vascular dys-
function (96). Ashwagandha exhibits significant anxiolytic and anti-
depressant properties, particularly through its mechanisms involving 
the reduction of cortisol levels and the augmentation of brain-derived 
neurotrophic factor (BDNF) signaling, rendering it a compelling 
option for individuals experiencing mixed anxiety-depressive symp-
toms or elevated stress levels (83). Furthermore, these supplements 
may function as complementary interventions in conjunction with 
selective serotonin reuptake inhibitors (SSRIs) or serotonin-norepi-
nephrine reuptake inhibitors (SNRIs), potentially enhancing thera-
peutic efficacy or mitigating the necessity for higher dosages (97). 
Nevertheless, the application of botanical extracts within clinical con-
texts necessitates a judicious approach. The heterogeneity in the stan-
dardization of botanical extracts, the potential for herb–drug 
interactions particularly involving anticoagulants in the context of 
Ginkgo biloba, and the scarcity of extensive randomized controlled 
trials underscore the imperative for precision-oriented methodologies 
in clinical decision-making (98). The careful selection of patients, 
biomarker-driven monitoring, and tailored dosing of supplements 
may contribute to the optimization of therapeutic results while con-
currently mitigating associated risks. Ultimately, the incorporation of 
these botanical agents within a framework that is both evidence-based 
and personalized may foster resilience, enhance mood regulation, and 
support sustained mental well-being in individuals experiencing 
depressive disorders.

Importantly, the complementary mechanisms of these botanicals 
suggest potential value in stratified or adjunctive treatment frame-
works rather than interchangeable use. Rhodiola rosea primarily tar-
gets stress-induced neurotransmitter imbalance, Ginkgo biloba 
supports neuronal and mitochondrial resilience, and Ashwagandha 
modulates neuroendocrine and inflammatory pathways. Together, 
they reflect a convergent strategy aimed at restoring neurobiological 
resilience rather than solely correcting neurotransmitter deficits. This 
integrative profile aligns with contemporary models of depression that 
emphasize network-level dysfunction across immune, metabolic, neu-
roendocrine, and synaptic systems.

From a clinical implementation standpoint, careful consideration 
of extract standardization, dosing, and safety is essential. While all 
three agents demonstrate favorable tolerability profiles, potential 
herb–drug interactions, particularly with anticoagulants in the case of 

Ginkgo biloba and endocrine or hepatic considerations for 
Ashwagandha, necessitate individualized assessment. Biomarker-
informed approaches incorporating inflammatory markers, cortisol 
levels, cognitive status, and symptom clustering may further refine 
patient selection and optimize therapeutic outcomes.

Collectively, these translational insights support the incorporation 
of Rhodiola rosea, Ginkgo biloba, and Ashwagandha as mechanistically 
grounded adjuncts within evidence-based, personalized care models 
for depressive disorders. Their multi-target actions address biological 
dimensions that remain insufficiently treated by conventional mono-
aminergic antidepressants, highlighting their potential role in enhanc-
ing treatment responsiveness, tolerability, and long-term resilience.

9 Comparative and synergistic analysis 
of Rhodiola rosea, Ginkgo biloba, and 
Ashwagandha

Rhodiola rosea, Ginkgo biloba, and Withania somnifera 
(Ashwagandha) represent three botanically and pharmacologically 
distinct interventions that converge on core pathophysiological mech-
anisms of depressive disorders while maintaining clearly differentiable 
profiles across pharmacodynamics, pharmacokinetics, clinical effi-
cacy, and safety. A direct comparative analysis elucidates how these 
agents may be positioned rationally as adjunctive or alternative inter-
ventions depending on clinical phenotype, biological vulnerability, 
and therapeutic goals.

9.1 Comparative mechanisms of action

At the level of monoaminergic modulation, Rhodiola rosea dem-
onstrates the most direct enhancement of serotonergic, dopaminergic, 
and noradrenergic neurotransmission, mediated in part through 
monoamine oxidase inhibition and presynaptic modulation of neu-
rotransmitter availability (99). This mechanism closely aligns with 
conventional antidepressant pharmacology, although Rhodiola exerts 
its effects within a broader adaptogenic framework rather than via 
selective receptor or transporter blockade. Ashwagandha also influ-
ences monoaminergic systems, but its effects are largely indirect, aris-
ing from normalization of hypothalamic-pituitary-adrenal (HPA) axis 
hyperactivity, modulation of GABAergic tone, and attenuation of 
stress-induced neurotransmitter imbalance. In contrast, Ginkgo biloba 
exerts comparatively modest direct monoaminergic effects; its influ-
ence on mood regulation appears secondary to improvements in neu-
rovascular coupling, synaptic microenvironment stabilization, and 
antioxidant protection that preserve neurotransmitter signaling integ-
rity rather than directly increasing monoamine levels (99, 100).

With respect to neurotrophic signaling and neuroplasticity, all 
three agents enhance brain-derived neurotrophic factor (BDNF)-
related pathways, but through distinct biological routes. Rhodiola 
rosea upregulates BDNF expression and activates ERK/CREB signal-
ing, thereby supporting hippocampal neurogenesis and neuronal sur-
vival. Ashwagandha promotes neurite outgrowth, synaptic protein 
expression, and restoration of neurotrophic deficits through combined 
anti-inflammatory, antioxidant, and neuroendocrine mechanisms. 
Ginkgo biloba contributes to neuroplasticity primarily by preserving 
mitochondrial function, reducing glucocorticoid-induced dendritic 
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atrophy, and supporting synaptic plasticity through improved cerebral 
perfusion and oxidative stress reduction (8, 100).

Neuroinflammation represents a critical axis of convergence and 
differentiation. All three botanicals suppress pro-inflammatory cyto-
kines such as IL-1β, IL-6, and TNF-α, yet their dominant targets differ. 
Rhodiola rosea downregulates NF-κB signaling and reduces systemic 
and central cytokine production. Ashwagandha robustly attenuates 
microglial activation and inflammatory cascades while restoring anti-
oxidant defenses, thereby interrupting the stress-inflammation-neu-
rotoxicity feedback loop. Ginkgo biloba primarily mitigates 
inflammation associated with oxidative stress and endothelial dys-
function, maintaining neuronal and vascular integrity rather than 
exerting broad immunosuppressive effects (8).

Mitochondrial protection and oxidative stress modulation further 
distinguish these agents. Ginkgo biloba demonstrates the strongest 
mitochondrial-stabilizing effects, including preservation of mitochon-
drial membrane potential, enhancement of ATP production, and 
reduction of cytochrome c–mediated apoptosis. Rhodiola rosea sup-
ports mitochondrial bioenergetics by scavenging reactive oxygen spe-
cies and maintaining ATP synthesis during stress exposure. 
Ashwagandha enhances endogenous antioxidant enzyme systems and 
protects mitochondrial function indirectly through inflammation and 
cortisol reduction (8, 99, 100).

9.2 Pharmacokinetic considerations and 
standardization

Pharmacokinetic profiles differ substantially among the three 
agents and influence their clinical applicability. Rhodiola rosea’s anti-
depressant effects are largely attributed to salidroside and rosavins. 
Salidroside exhibits relatively rapid oral absorption, demonstrable 
blood–brain barrier penetration, and distribution to hippocampal and 
cortical regions, consistent with its central effects. However, compre-
hensive human pharmacokinetic data remain limited, underscoring 
reliance on standardized extracts such as SHR-5 with defined rosavin-
to-salidroside ratios (99, 101, 102).

Ginkgo biloba extracts, particularly standardized formulations 
such as EGb 761, contain flavonoid glycosides and terpene lactones 
that are orally absorbed and capable of crossing the blood–brain bar-
rier. Hepatic metabolism and elimination via urine and bile introduce 
interindividual variability, especially in elderly populations and in the 
context of polypharmacy. The necessity of restricting ginkgolic acid 
content highlights the critical role of standardization in ensuring 
safety and reproducibility (99, 101, 102).

Ashwagandha pharmacokinetics are driven by withanolides, 
which exhibit pleiotropic central and peripheral effects. While acute 
and subchronic toxicity studies suggest a wide safety margin, human 
pharmacokinetic data remain relatively sparse, and bioavailability may 
vary depending on extraction method and formulation. Advances in 
extraction technologies have improved withanolide recovery and 
batch consistency, enhancing translational reliability (99, 101, 102).

9.3 Comparative clinical efficacy and target 
populations

Clinical evidence indicates that Rhodiola rosea produces modest 
but reproducible antidepressant effects in mild to moderate depres-
sion, with dose-dependent efficacy and favorable tolerability 

compared to SSRIs. Its strongest clinical utility appears in stress-
related depression, fatigue-dominant symptom profiles, and patient’s 
sensitive to antidepressant adverse effects. Combination studies with 
Crocus sativus further suggest enhanced efficacy, although placebo-
controlled confirmation remains limited.

Ginkgo biloba demonstrates the greatest clinical benefit as an 
adjunctive therapy, particularly in elderly patients, individuals with 
cognitive impairment, and those with comorbid vascular or neurode-
generative conditions. Its capacity to accelerate antidepressant onset, 
improve cognition, enhance sleep architecture, and reduce biomarkers 
of neuronal injury positions it as a neuroprotective adjunct rather than 
a primary antidepressant monotherapy.

Ashwagandha exhibits broad antidepressant and anxiolytic effi-
cacy across adult, adolescent, and geriatric populations, with particu-
lar strength in mixed anxiety–depressive states and stress-related 
mood disorders. Randomized controlled trials demonstrate improve-
ments in depression, anxiety, sleep quality, quality of life, and serum 
serotonin levels, alongside cortisol reduction and anti-inflammatory 
effects. Its efficacy appears comparable to conventional antidepres-
sants in certain settings, with superior tolerability and quality-of-life 
outcomes.

10 Limitations and future directions

Although Rhodiola rosea, Ginkgo biloba, and Ashwagandha 
exhibit encouraging antidepressant capabilities, various constraints 
presently hinder their comprehensive application in clinical settings. 
A principal obstacle pertains to the heterogeneity in the composition 
of botanical extracts, as disparities in plant provenance, extraction 
methodologies, and standardization protocols culminate in variable 
concentrations of bioactive constituents. This absence of consistency 
complicates the comparison of research findings, the determination 
of optimal dosage ranges, and the anticipation of clinical efficacy. 
Numerous current clinical investigations are restricted by limited 
sample sizes, abbreviated follow-up durations, and methodological 
discrepancies. Fluctuations in dosing regimens, outcome assessment 
criteria, and patient demographics render it arduous to derive robust 
conclusions pertaining to effectiveness. Furthermore, interactions 
between herbal supplements and pharmaceuticals remain a signifi-
cant issue, particularly for individuals concurrently utilizing antico-
agulants, sedatives, or thyroid-related medications. Additionally, the 
evidence regarding long-term safety remains inadequate, particularly 
concerning chronic administration and effects on vulnerable popula-
tions such as elderly individuals, pregnant women, and those with 
severe psychiatric comorbidities. Future investigations ought to con-
centrate on extensive, meticulously structured randomized clinical 
trials that employ standardized botanical extracts and consistent 
dosing methodologies. Future studies should incorporate mecha-
nism-relevant biological markers, including serum BDNF to index 
neurotrophic signaling, inflammatory markers such as CRP and IL-6, 
measures of HPA-axis activity such as the cortisol awakening 
response, and neuroimaging markers (e.g., fMRI-based assessments 
of hippocampal connectivity), to more precisely characterize treat-
ment response and patient stratification. Comparative investigations 
assessing synergistic interactions with conventional antidepressants, 
as well as direct comparisons among various herbal supplements, 
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would further bolster the evidentiary foundation. Moreover, 
enhanced regulatory oversight pertaining to quality assurance and 
product labeling is imperative to guarantee reproducibility and safety. 
An ideal future study would employ a biomarker-stratified, random-
ized, triple-blind, placebo-controlled trial to evaluate the comparative 
efficacy and mechanistic specificity of Rhodiola rosea, Ginkgo biloba, 
and Withania somnifera as adjuncts to first-line SSRI therapy in 
patients with major depressive disorder. Participants with moderate 
depression and elevated inflammatory biomarkers, such as high-
sensitivity C-reactive protein, IL-6, or TNF-α, would be enrolled to 
target an inflammation-positive depressive phenotype. All partici-
pants would receive a standardized SSRI regimen and be randomized 
to adjunctive treatment with standardized extracts of Rhodiola rosea, 
Ginkgo biloba, Ashwagandha, or matched placebo, with triple blind-
ing maintained across participants, clinicians, and outcome assessors. 
The primary outcome would be change in depressive symptom sever-
ity over 8–12 weeks using validated clinician-rated scales, with sec-
ondary outcomes including response and remission rates, anxiety, 
fatigue, cognitive function, sleep quality, and quality of life. Parallel 
assessment of inflammatory markers, cortisol, oxidative stress indi-
ces, and neurotrophic factors such as BDNF would enable evaluation 
of biological target engagement and differential mechanistic effects. 
Safety, tolerability, and herb–drug interactions would be systemati-
cally monitored. This design would permit head-to-head and pla-
cebo-controlled comparison within a biologically defined population, 
advancing mechanism-guided integration of botanical adjuncts into 
precision treatment frameworks for depression.

Despite increasing interest in herbal interventions for mood dis-
orders, the existing clinical literature has largely evaluated general 
depressive symptoms without distinguishing among specific clinical 
subtypes of depression. For example, a recent systematic review and 
meta-analysis of Ginkgo biloba in depressive patients reported overall 
efficacy on depression rating scales and related biomarkers but did not 
stratify outcomes by subtype such as post-stroke, postpartum, or 
depression comorbid with medical illness, nor was evidence on sub-
type-specific effects identified in the analyzed trials (103). This limita-
tion reflects a broader gap in the field: most randomized controlled 
trials and systematic reviews focus on major depressive disorder or 
depressive symptoms in heterogeneous populations, without separate 
analyses for distinct presentations like vascular depression, treatment-
associated depressive states, or mood disturbances in the context of 
specific medical conditions. As a result, the translational value of 
herbal therapies in these clinically relevant subgroups remains uncer-
tain and underscores the need for future studies that explicitly evaluate 
efficacy and safety across different depression phenotypes.

11 Conclusion

Rhodiola rosea, Ginkgo biloba, and Ashwagandha encompass 
three noteworthy botanical agents characterized by their multi-
farious antidepressant efficacy. The synergistic effects of these 
agents on monoaminergic modulation, neurotrophic signaling, 
inflammatory responses, oxidative stress management, and stress-
response mechanisms provide a compelling mechanistic founda-
tion for their therapeutic significance in the treatment of 
depressive disorders. Empirical evidence derived from preclinical 

investigations reveals substantial neuroprotective, adaptogenic, 
and mood-enhancing attributes, whereas emerging clinical 
research suggests significant enhancements in mood, resilience to 
stress, and overall psychological well-being. Notwithstanding 
these promising results, the extant literature remains constrained 
by heterogeneous extract quality, limited clinical sample sizes, and 
inconsistent methodological frameworks. There exists an impera-
tive for additional rigorously designed clinical trials and standard-
ized formulations to substantiate efficacy, ascertain safety, and 
delineate optimal dosing protocols. The incorporation of these 
botanical supplements as adjunctive elements within a tailored, 
evidence-driven therapeutic paradigm may bolster treatment out-
comes, mitigate adverse effects, and foster sustained mental 
health. Overall, these natural compounds hold significant poten-
tial to complement conventional treatments and address unmet 
needs in depression management, offering a holistic and biologi-
cally grounded approach to improving patient outcomes.

Author contributions

XiL: Conceptualization, Data curation, Methodology, Validation, 
Visualization, Writing – original draft, Writing – review & editing. 
XuL: Conceptualization, Data curation, Investigation, Methodology, 
Validation, Visualization, Writing – original draft, Writing – review & 
editing. YL: Conceptualization, Data curation, Methodology, 
Validation, Visualization, Writing – original draft, Writing – review & 
editing. ZL: Data curation, Investigation, Methodology, Validation, 
Visualization, Writing – original draft, Writing – review & editing. YC: 
Conceptualization, Data curation, Methodology, Validation, 
Visualization, Writing – original draft, Writing – review & editing. 
QYa: Investigation, Methodology, Validation, Visualization, Writing – 
original draft, Writing – review & editing. SZ: Conceptualization, 
Investigation, Methodology, Validation, Visualization, Writing – origi-
nal draft, Writing – review & editing. QYu: Conceptualization, Data 
curation, Investigation, Methodology, Supervision, Validation, 
Visualization, Writing – original draft, Writing – review & editing.

Funding

The author(s) declared that financial support was received for this 
work and/or its publication. This research was supported by the  1. 
Heilongjiang Province Higher Education Teaching Reform Research 
Key Project “Research and Exploration of Outstanding Liberal Arts 
Talents Training System in Higher Chinese Medicine Colleges under 
the Background of New Liberal Arts” (SJGZ20220101); 2. The Key 
Fund Project of Special Research Project in 2023 of the Center for 
Innovative Development of Ideological and Political Work in Colleges 
and Universities (Wuhan Donghu University) (WHDHSZZX2023078); 
3. This paper is the research result of the 2022 Project of the Training 
and Research Center of Ideological and Political Workers in Colleges 
and Universities of the Ministry of Education (Southwest Jiaotong 
University) titled “Research on the sociocultural and Psychological 
Mechanism of Casting the Consciousness of the Chinese Nation 
Community” (SWJTUKF22-06).

https://doi.org/10.3389/fnut.2026.1762061
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Li et al.� 10.3389/fnut.2026.1762061

Frontiers in Nutrition 21 frontiersin.org

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 

intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organiza-
tions, or those of the publisher, the editors and the reviewers. Any 
product that may be evaluated in this article, or claim that may be 
made by its manufacturer, is not guaranteed or endorsed by the 
publisher.

References
	1.	Oguntuase FO, Okobi OE, Olawale OO, Irorere O, Dare OA, Emejuru NB, et al. Trends 
in prescription medication use for depression symptoms: an analysis of National Health 
Interview Survey (NHIS) data from 2019 to 2023. Cureus. (2025) 17:e84944. doi: 10.7759/
cureus.84944

	2.	Rush AJ, Sackeim HA, Conway CR, Bunker MT, Hollon SD, Demyttenaere K, et al. 
Clinical research challenges posed by difficult-to-treat depression. Psychol Med. (2022) 
52:419–32. doi: 10.1017/S0033291721004943

	3.	Kolasa M, Faron-Górecka A. Preclinical models of treatment-resistant depression: 
challenges and perspectives. Pharmacol Rep. (2023) 75:1326–40. doi: 10.1007/
s43440-023-00542-9

	4.	Panossian AG. Adaptogens in mental and behavioral disorders. Psychiatr Clin North 
Am. (2013) 36:49–64. doi: 10.1016/j.psc.2012.12.005

	5.	Naoi M, Wu Y, Maruyama W, Shamoto-Nagai M. Phytochemicals modulate biosyn-
thesis and function of serotonin, dopamine, and norepinephrine for treatment of mono-
amine neurotransmission-related psychiatric diseases. Int J Mol Sci. (2025) 26:2916. doi: 
10.3390/ijms26072916

	6.	Ahmed FAN. “Rhodiola rosea L.—an evaluation of safety and efficacy in the context of 
a neurological disorder, Alzheimer disease“ In: PhD thesis. Ottawa, ON: University of 
Ottawa (2015)

	7.	Speers AB, Cabey KA, Soumyanath A, Wright KM. Effects of Withania somnifera 
(Ashwagandha) on stress and the stress- related neuropsychiatric disorders anxiety, 
depression, and insomnia. Curr Neuropharmacol. (2021) 19:1468–95. doi: 10.2174/157015
9X19666210712151556

	8.	Zahiruddin S, Basist P, Parveen A, Parveen R, Khan W, Gaurav, et al. Ashwagandha in 
brain disorders: a review of recent developments. J Ethnopharmacol. (2020) 257:112876. 
doi: 10.1016/j.jep.2020.112876

	9.	Borrego-Ruiz A, Borrego JJ. Plant-derived nutraceuticals in mental health and brain 
function: mechanisms of action and therapeutic potential. Int J Mol Sci. (2025) 26:8849. 
doi: 10.3390/ijms26188849

	10.	 Liu Q, Wang J, Gu Z, Ouyang T, Gao H, Kan H, et al. Comprehensive exploration of 
the neuroprotective mechanisms of Ginkgo biloba leaves in treating neurological disor-
ders. Am J Chin Med. (2024) 52:1053–86. doi: 10.1142/S0192415X24500435

	11.	 Duman İ, Eken ÇG. Therapeutic effects of Ginkgo Biloba extract in neuropsychiatric 
disorders. Curr Res Health Sci. (2022):170–88.

	12.	 Han H, Yao J, Wu J, Mao S, Pan H, Qv L, et al. Implications of neurogenesis in depres-
sion through BDNF: rodent models, regulatory pathways, gut microbiota, and potential 
therapy. Mol Psychiatry. (2025) 30:4409–21. doi: 10.1038/s41380-025-03044-7

	13.	Kim H, Choi HS, Han K, Sim W, Suh HJ, Ahn Y. Ashwagandha (Withania som-
nifera (L.) dunal) root extract containing withanolide a alleviates depression-like 
behavior in mice by enhancing the brain-derived neurotrophic factor pathway under 
unexpected chronic mild stress. J Ethnopharmacol. (2025) 340:119224. doi: 10.1016/j.
jep.2024.119224

	14.	Xia C, Zhou M, Dong X, Zhao Y, Jiang M, Zhu G, et al. Ginkgo biloba extract 
inhibits hippocampal neuronal injury caused by mitochondrial oxidative stress in a 
rat model of Alzheimer’s disease. PLoS One. (2024) 19:e0307735. doi: 10.1371/journal.
pone.0307735

	15.	 Miller AH, Maletic V, Raison CL. Inflammation and its discontents: the role of cyto-
kines in the pathophysiology of major depression. Biol Psychiatry. (2009) 65:732–41. doi: 
10.1016/j.biopsych.2008.11.029

	16.	 Pu WL, Zhang MY, Bai RY, Sun LK, Li WH, Yu YL, et al. Anti-inflammatory effects 
of Rhodiola rosea L.: a review. Biomed Pharmacother. (2020) 121:109552. doi: 10.1016/j.
biopha.2019.109552

	17.	 Gupta M, Kaur G. Withania somnifera (L.) Dunal ameliorates neurodegeneration and 
cognitive impairments associated with systemic inflammation. BMC Complement Altern 
Med. (2019) 19:217. doi: 10.1186/s12906-019-2635-0

	18.	 de Souza GA, de Marqui SV, Matias JN, Guiguer EL, Barbalho SM. Effects of Ginkgo 
biloba on diseases related to oxidative stress. Planta Med. (2020) 86:376–86. doi: 
10.1055/a-1109-3405

	19.	 Ou HC, Lee WJ, Lee IT, Chiu TH, Tsai KL, Lin CY, et al. Ginkgo biloba extract attenu-
ates oxLDL-induced oxidative functional damages in endothelial cells. J Appl Physiol. 
(2009) 106:1674–85. doi: 10.1152/japplphysiol.91415.2008

	20.	 Khanum F, Bawa AS, Singh B. Rhodiola rosea: a versatile adaptogen. Compr Rev Food 
Sci Food Saf. (2005) 4:55–62. doi: 10.1111/j.1541-4337.2005.tb00073.x

	21.	 Pawar PS, Ahire SM, Jadhav SP, Patil CD, Mahajan SK. “Ginkgo biloba and Gastrodia 
elata: bridging traditional wisdom and modern therapy in Parkinson’s disease“ In: From 
ancient roots to nano routes: targeted delivery of Ginkgo and Gastrodia for Parkinson’s 
disease (PD) treatment. New Delhi: Deep Science Publishing (2025). 56.

	22.	 Godara P, Shahi N, Lal M, Upadhya S. Unyielding serenity: the Ashwagandha para-
digm on mental health. Neurosci Nutr (2024) 54.

	23.	 Balogun SM, Ajen MU, Igboke SO, Alugbuo SU, Asogwa FO, Agboola AR. Exploring 
the role of phytochemicals in managing depression: mechanisms, therapeutic potential, 
and future directions. AROC Pharm Biotechnol. (2025) 05:01–17. doi: 10.53858/
arocpb05020117

	24.	 Miller AH, Raison CL. The role of inflammation in depression: from evolutionary 
imperative to modern treatment target. Nat Rev Immunol. (2016) 16:22–34. doi: 10.1038/
nri.2015.5

	25.	 Cosci F, Chouinard G. “The monoamine hypothesis of depression revisited: could it 
mechanistically novel antidepressant strategies?“ In: Neurobiology of depression. 
Amsterdam: Elsevier (2019). 63–73.

	26.	 Harris S, Johnson S, Duncan JW, Udemgba C, Meyer JH, Albert PR, et al. Evidence 
revealing deregulation of the KLF11-MAO a pathway in association with chronic stress 
and depressive disorders. Neuropsychopharmacology. (2015) 40:1373–82. doi: 10.1038/
npp.2014.321

	27.	 Pariante CM, Lightman SL. The HPA axis in major depression: classical theories and 
new developments. Trends Neurosci. (2008) 31:464–8. doi: 10.1016/j.tins.2008.06.006

	28.	 Saad HA, Marzouk M, Abdelrahman H, Moradikor N. Mechanisms underlying stress 
effects on the brain: basic concepts and clinical implications. Prog Brain Res. (2025) 
291:21–47. doi: 10.1016/bs.pbr.2025.01.008

	29.	 Jacobson L. Hypothalamic-pituitary-adrenocortical axis: neuropsychiatric aspects. 
Compr Physiol. (2014) 4:715–38. doi: 10.1002/cphy.c130036

	30.	 Bélanger M, Magistretti PJ. The role of astroglia in neuroprotection. Dialogues Clin 
Neurosci. (2009) 11:281–95. doi: 10.31887/dcns.2009.11.3/mbelanger

	31.	 Boldrini M, Galfalvy H, Dwork AJ, Rosoklija GB, Trencevska-Ivanovska I, Pavlovski 
G, et al. Resilience is associated with larger dentate gyrus, while suicide decedents with 
major depressive disorder have fewer granule neurons. Biol Psychiatry. (2019) 85:850–62. 
doi: 10.1016/j.biopsych.2018.12.022

	32.	 Brooks TA, Hawkins BT, Huber JD, Egleton RD, Davis TP. Chronic inflammatory 
pain leads to increased blood-brain barrier permeability and tight junction protein altera-
tions. Am J Physiol Heart Circ Physiol. (2005) 289:H738–43. doi: 10.1152/
ajpheart.01288.2004

	33.	 Busse M, Busse S, Myint AM, Gos T, Dobrowolny H, Müller UJ, et al. Decreased 
quinolinic acid in the hippocampus of depressive patients: evidence for local anti-inflam-
matory and neuroprotective responses? Eur Arch Psychiatry Clin Neurosci. (2015) 
265:321–9. doi: 10.1007/s00406-014-0562-0

https://doi.org/10.3389/fnut.2026.1762061
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.7759/cureus.84944
https://doi.org/10.7759/cureus.84944
https://doi.org/10.1017/S0033291721004943
https://doi.org/10.1007/s43440-023-00542-9
https://doi.org/10.1007/s43440-023-00542-9
https://doi.org/10.1016/j.psc.2012.12.005
https://doi.org/10.3390/ijms26072916
https://doi.org/10.2174/1570159X19666210712151556
https://doi.org/10.2174/1570159X19666210712151556
https://doi.org/10.1016/j.jep.2020.112876
https://doi.org/10.3390/ijms26188849
https://doi.org/10.1142/S0192415X24500435
https://doi.org/10.1038/s41380-025-03044-7
https://doi.org/10.1016/j.jep.2024.119224
https://doi.org/10.1016/j.jep.2024.119224
https://doi.org/10.1371/journal.pone.0307735
https://doi.org/10.1371/journal.pone.0307735
https://doi.org/10.1016/j.biopsych.2008.11.029
https://doi.org/10.1016/j.biopha.2019.109552
https://doi.org/10.1016/j.biopha.2019.109552
https://doi.org/10.1186/s12906-019-2635-0
https://doi.org/10.1055/a-1109-3405
https://doi.org/10.1152/japplphysiol.91415.2008
https://doi.org/10.1111/j.1541-4337.2005.tb00073.x
https://doi.org/10.53858/arocpb05020117
https://doi.org/10.53858/arocpb05020117
https://doi.org/10.1038/nri.2015.5
https://doi.org/10.1038/nri.2015.5
https://doi.org/10.1038/npp.2014.321
https://doi.org/10.1038/npp.2014.321
https://doi.org/10.1016/j.tins.2008.06.006
https://doi.org/10.1016/bs.pbr.2025.01.008
https://doi.org/10.1002/cphy.c130036
https://doi.org/10.31887/dcns.2009.11.3/mbelanger
https://doi.org/10.1016/j.biopsych.2018.12.022
https://doi.org/10.1152/ajpheart.01288.2004
https://doi.org/10.1152/ajpheart.01288.2004
https://doi.org/10.1007/s00406-014-0562-0


Li et al.� 10.3389/fnut.2026.1762061

Frontiers in Nutrition 22 frontiersin.org

	34.	 Bertollo AG, Mingoti MED, Ignácio ZM. Neurobiological mechanisms in the kyn-
urenine pathway and major depressive disorder. Rev Neurosci. (2025) 36:169–87. doi: 
10.1515/revneuro-2024-0065

	35.	 Bhatt S, Nagappa AN, Patil CR. Role of oxidative stress in depression. Drug Discov 
Today. (2020) 25:1270–6. doi: 10.1016/j.drudis.2020.05.001

	36.	 Black CN, Bot M, Scheffer PG, Cuijpers P, Penninx BW. Is depression associated with 
increased oxidative stress? A systematic review and meta-analysis. 
Psychoneuroendocrinology. (2015) 51:164–75. doi: 10.1016/j.psyneuen.2014.09.025

	37.	 Maria Michel T, Pulschen D, Thome J. The role of oxidative stress in depressive dis-
orders. Curr Pharm Des. (2012) 18:5890–9. doi: 10.2174/138161212803523554

	38.	 Duman RS, Aghajanian GK, Sanacora G, Krystal JH. Synaptic plasticity and depres-
sion: new insights from stress and rapid-acting antidepressants. Nat Med. (2016) 
22:238–49. doi: 10.1038/nm.4050

	39.	 Castrén E, Monteggia LM. Brain-derived neurotrophic factor signaling in depression 
and antidepressant action. Biol Psychiatry. (2021) 90:128–36. doi: 10.1016/j.
biopsych.2021.05.008

	40.	 Krishnan V, Nestler EJ. The molecular neurobiology of depression. Nature. (2008) 
455:894–902. doi: 10.1038/nature07455

	41.	 Sahay A, Hen R. Adult hippocampal neurogenesis in depression. Nat Neurosci. (2007) 
10:1110–5. doi: 10.1038/nn1969

	42.	 Masi G, Brovedani P. The hippocampus, neurotrophic factors and depression: possible 
implications for the pharmacotherapy of depression. CNS Drugs. (2011) 25:913–31. doi: 
10.2165/11595900-000000000-00000

	43.	 Sahay A, Hen R. Hippocampal neurogenesis and depression. Novartis Found Symp. 
(2008) 289:152–60. doi: 10.1002/9780470751251.ch12

	44.	 Ferreira Fratelli C, Willatan Siqueira J, Rodrigues Gontijo B, de Lima Santos M, de 
Souza Silva CM, da Silva ICR. BDNF genetic variant and its genotypic fluctuation in 
major depressive disorder. Behav Neurol. (2021) 2021:7117613. doi: 10.1155/2021/7117613

	45.	 Zarza-Rebollo JA, López-Isac E, Rivera M, Gómez-Hernández L, Pérez-Gutiérrez 
AM, Molina E. The relationship between BDNF and physical activity on depression. Prog 
Neuropsychopharmacol Biol Psychiatry. (2024) 134:111033. doi: 10.1016/j.
pnpbp.2024.111033

	46.	 Wang YF, Chen CY, Yang X, Lei L, Zhang Y. Mitochondrial metabolic reprogramming 
of microglia in neuroinflammation: implications for major depressive disorder. Prog 
Neuropsychopharmacol Biol Psychiatry. (2025) 143:111566. doi: 10.1016/j.
pnpbp.2025.111566

	47.	 Tobe EH. Mitochondrial dysfunction, oxidative stress, and major depressive disorder. 
Neuropsychiatr Dis Treat. (2013) 9:567–73. doi: 10.2147/NDT.S44282

	48.	 Bansal Y, Kuhad A. Mitochondrial dysfunction in depression. Curr Neuropharmacol. 
(2016) 14:610–8. doi: 10.2174/1570159x14666160229114755

	49.	 Sarris J, McIntyre E, Camfield DA. Plant-based medicines for anxiety disorders, part 
2: a review of clinical studies with supporting preclinical evidence. CNS Drugs. (2013) 
27:301–19. doi: 10.1007/s40263-013-0059-9

	50.	 Ng QX, Venkatanarayanan N, Ho CY. Clinical use of Hypericum perforatum (St John’s 
wort) in depression: a meta-analysis. J Affect Disord. (2017) 210:211–21. doi: 10.1016/j.
jad.2016.12.048

	51.	 Talasaz AH, McGonagle B, HajiQasemi M, Ghelichkhan ZA, Sadeghipour P, Rashedi 
S, et al. Pharmacokinetic and pharmacodynamic interactions between food or herbal 
products and oral anticoagulants: evidence review, practical recommendations, and 
knowledge gaps. Semin Thromb Hemost. (2025) 51:560–71. doi: 
10.1055/s-0044-1790258

	52.	 Gardner DM. Evidence-based decisions about herbal products for treating mental 
disorders. J Psychiatry Neurosci. (2002) 27:324–33. doi: 10.1139/jpn.0251

	53.	 Zhdanov D, Ryazanova T, Kurkin V, Kurkina A, Braslavsky V. Biotechnological meth-
ods for obtaining biologically active compounds of Rhodiola Rosea L. (a review). Russ J 
Bioorg Chem. (2024) 50:2691–710. doi: 10.1134/s1068162024070112

	54.	 Konstantinos F, Heun R. The effects of Rhodiola Rosea supplementation on depres-
sion, anxiety and mood—a systematic review. Glob Psychiatry Arch. (2020) 3:72–82. doi: 
10.52095/gpa.2020.1318

	55.	 Amsterdam JD, Panossian AG. Rhodiola rosea L. as a putative botanical antidepres-
sant. Phytomedicine. (2016) 23:770–83. doi: 10.1016/j.phymed.2016.02.009

	56.	 Gao L, Wu C, Liao Y, Zhang S, Zhao J. Herba Rhodiolae alleviates depression via the 
BDNF/TrkB-GSK-3β signaling pathway. Ann Transl Med. (2021) 9:1758. doi: 10.21037/
atm-21-5849

	57.	 Zhang S, Jiang S, Deng N, Zheng B, Li T, Liu RH. Phytochemical profiles, antioxidant 
activity and antiproliferative mechanism of Rhodiola rosea L. phenolic extract. Nutrients. 
(2022) 14:3602. doi: 10.3390/nu14173602

	58.	 Mao JJ, Xie SX, Zee J, Soeller I, Li QS, Rockwell K, et al. Rhodiola rosea versus sertra-
line for major depressive disorder: a randomized placebo-controlled trial. Phytomedicine. 
(2015) 22:394–9. doi: 10.1016/j.phymed.2015.01.010

	59.	 Gao L, Wu C, Liao Y, Wang J. Antidepressants effects of Rhodiola capsule combined 
with sertraline for major depressive disorder: a randomized double-blind placebo-con-
trolled clinical trial. J Affect Disord. (2020) 265:99–103. doi: 10.1016/j.jad.2020.01.065

	60.	 Darbinyan V, Aslanyan G, Amroyan E, Gabrielyan E, Malmström C, Panossian A. 
Clinical trial of Rhodiola rosea L. extract SHR-5 in the treatment of mild to moderate 
depression. Nord J Psychiatry. (2007) 61:343–8. doi: 10.1080/08039480701643290

	61.	 Chen QG, Zeng YS, Qu ZQ, Tang JY, Qin YJ, Chung P, et al. The effects of Rhodiola 
rosea extract on 5-HT level, cell proliferation and quantity of neurons at cerebral hippo-
campus of depressive rats. Phytomedicine. (2009) 16:830–8. doi: 10.1016/j.
phymed.2009.03.011

	62.	 Bangratz M, Ait Abdellah S, Berlin A, Blondeau C, Guilbot A, Dubourdeaux M, et al. 
A preliminary assessment of a combination of rhodiola and saffron in the management 
of mild-moderate depression. Neuropsychiatr Dis Treat. (2018) 14:1821–9. doi: 10.2147/
NDT.S169575

	63.	 Lemoine P, Gal C, Jacouton E, Ait Abdellah S. Clinical improvement of moderate 
depression with a combination of rhodiola and saffron in a non-student population: a 
double-blind, placebo-controlled study. Eur Psychiatry. (2025) 68:S198. doi: 10.1192/j.
eurpsy.2025.469

	64.	 Qin YJ, Zeng YS, Zhou CC, Li Y, Zhong ZQ. Effects of Rhodiola rosea on level of 
5-hydroxytryptamine, cell proliferation and differentiation, and number of neuron in 
cerebral hippocampus of rats with depression induced by chronic mild stress. Zhongguo 
Zhong Yao Za Zhi. (2008) 33:2842–6.

	65.	 Mahadevan S, Park Y. Multifaceted therapeutic benefits of Ginkgo biloba L.: chemistry, 
efficacy, safety, and uses. J Food Sci. (2008) 73:R14–9. doi: 
10.1111/j.1750-3841.2007.00597.x

	66.	 Ahlemeyer B, Krieglstein J. Neuroprotective effects of Ginkgo biloba extract. Cell Mol 
Life Sci. (2003) 60:1779–92. doi: 10.1007/s00018-003-3080-1

	67.	 Ayatollahi SA, Khoshsirat S, Peyvand AA, Rezaei O, Zaremehrjardi F, Nahavandi A. 
Ginkgo biloba modulates hippocampal BDNF expression in a rat model of chronic 
restraint stress-induced depression. Physiol Pharmacol. (2020) 24:285–97. doi: 10.32598/
ppj.24.4.20

	68.	 Dai CX, Hu CC, Shang YS, Xie J. Role of Ginkgo biloba extract as an adjunctive treat-
ment of elderly patients with depression and on the expression of serum S100B. Medicine. 
(2018) 97:e12421. doi: 10.1097/MD.0000000000012421

	69.	 Hemmeter U, Annen B, Bischof R, Brüderlin U, Hatzinger M, Rose U, et al. 
Polysomnographic effects of adjuvant Ginkgo biloba therapy in patients with major 
depression medicated with trimipramine. Pharmacopsychiatry. (2001) 34:50–9. doi: 
10.1055/s-2001-15182

	70.	 He X, Liu D, Ni S, Li Z, Li S, Wu T, et al. Efficacy and safety evaluation of Ginkgo 
biloba dropping pill (GBDP) on stable angina pectoris complicated with depression: a 
placebo-controlled, randomized, double-blind, multicenter study. Phytomedicine. (2024) 
126:155264. doi: 10.1016/j.phymed.2023.155264

	71.	 Nikfarjam M, Goudarzi I, Heidari S, Parvin N. Effect of Ginkgo biloba tablets on 
patients with major depression treated with electroconvulsive therapy. J Mazandaran Univ 
Med Sci. (2012) 22:62–9.

	72.	 Qin XS, Jin KH, Ding BK, Xie SF, Ma H. Effects of extract of Ginkgo biloba with 
venlafaxine on brain injury in a rat model of depression. Chin Med J. (2005) 118:391–7.

	73.	 Mei N, Guo X, Ren Z, Kobayashi D, Wada K, Guo L. Review of Ginkgo biloba-induced 
toxicity, from experimental studies to human case reports. J Environ Sci Health C. (2017) 
35:1–28. doi: 10.1080/10590501.2016.1278298

	74.	 Wang C-Z, Yuan J-J, Li W-J, Zhang H-Y, Ye J-Z. In vivo and in vitro toxicity evaluation 
of polyprenols extracted from Ginkgo biloba L. leaves. Molecules. (2015) 20:22257–71. doi: 
10.3390/molecules201219839

	75.	 Mirjalili MH, Moyano E, Bonfill M, Cusido RM, Palazón J. Steroidal lactones from 
Withania somnifera, an ancient plant for novel medicine. Molecules. (2009) 14:2373–93. 
doi: 10.3390/molecules14072373

	76.	 Kulkarni S, Dhir A. Withania somnifera: an Indian ginseng. Prog 
Neuropsychopharmacol Biol Psychiatry. (2008) 32:1093–105. doi: 10.1016/j.
pnpbp.2007.09.011

	77.	 Kuboyama T, Tohda C, Komatsu K. Withanoside IV and its active metabolite, somi-
none, attenuate Aβ(25–35)-induced neurodegeneration. Eur J Neurosci. (2006) 
23:1417–26. doi: 10.1111/j.1460-9568.2006.04664.x

	78.	 Bhattacharya SK, Bhattacharya A, Sairam K, Ghosal S. Anxiolytic-antidepressant 
activity of Withania somnifera glycowithanolides: an experimental study. Phytomedicine. 
(2000) 7:463–9. doi: 10.1016/s0944-7113(00)80030-6

	79.	 Prakash J, Yadav SK, Chouhan S, Singh SP. Neuroprotective role of Withania som-
nifera root extract in maneb-paraquat induced mouse model of parkinsonism. Neurochem 
Res. (2013) 38:972–80. doi: 10.1007/s11064-013-1005-4

	80.	 Ichikawa H, Takada Y, Shishodia S, Jayaprakasam B, Nair MG, Aggarwal BB. 
Withanolides potentiate apoptosis, inhibit invasion, and abolish osteoclastogenesis 
through suppression of nuclear factor-kappaB (NF-kappaB) activation and NF-kappaB-
regulated gene expression. Mol Cancer Ther. (2006) 5:1434–45. doi: 10.1158/1535-7163.
MCT-06-0096

	81.	 Uddin Q, Samiulla L, Singh V, Jamil S. Phytochemical and pharmacological profile of 
Withania somnifera Dunal: a review. J Appl Pharm Sci. (2012) 2:170–5.

	82.	 Choudhary D, Bhattacharyya S, Bose S. Efficacy and safety of Ashwagandha 
(Withania somnifera (L.) Dunal) root extract in improving memory and cognitive func-
tions. J Diet Suppl. (2017) 14:599–612. doi: 10.1080/19390211.2017.1284970

https://doi.org/10.3389/fnut.2026.1762061
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1515/revneuro-2024-0065
https://doi.org/10.1016/j.drudis.2020.05.001
https://doi.org/10.1016/j.psyneuen.2014.09.025
https://doi.org/10.2174/138161212803523554
https://doi.org/10.1038/nm.4050
https://doi.org/10.1016/j.biopsych.2021.05.008
https://doi.org/10.1016/j.biopsych.2021.05.008
https://doi.org/10.1038/nature07455
https://doi.org/10.1038/nn1969
https://doi.org/10.2165/11595900-000000000-00000
https://doi.org/10.1002/9780470751251.ch12
https://doi.org/10.1155/2021/7117613
https://doi.org/10.1016/j.pnpbp.2024.111033
https://doi.org/10.1016/j.pnpbp.2024.111033
https://doi.org/10.1016/j.pnpbp.2025.111566
https://doi.org/10.1016/j.pnpbp.2025.111566
https://doi.org/10.2147/NDT.S44282
https://doi.org/10.2174/1570159x14666160229114755
https://doi.org/10.1007/s40263-013-0059-9
https://doi.org/10.1016/j.jad.2016.12.048
https://doi.org/10.1016/j.jad.2016.12.048
https://doi.org/10.1055/s-0044-1790258
https://doi.org/10.1139/jpn.0251
https://doi.org/10.1134/s1068162024070112
https://doi.org/10.52095/gpa.2020.1318
https://doi.org/10.1016/j.phymed.2016.02.009
https://doi.org/10.21037/atm-21-5849
https://doi.org/10.21037/atm-21-5849
https://doi.org/10.3390/nu14173602
https://doi.org/10.1016/j.phymed.2015.01.010
https://doi.org/10.1016/j.jad.2020.01.065
https://doi.org/10.1080/08039480701643290
https://doi.org/10.1016/j.phymed.2009.03.011
https://doi.org/10.1016/j.phymed.2009.03.011
https://doi.org/10.2147/NDT.S169575
https://doi.org/10.2147/NDT.S169575
https://doi.org/10.1192/j.eurpsy.2025.469
https://doi.org/10.1192/j.eurpsy.2025.469
https://doi.org/10.1111/j.1750-3841.2007.00597.x
https://doi.org/10.1007/s00018-003-3080-1
https://doi.org/10.32598/ppj.24.4.20
https://doi.org/10.32598/ppj.24.4.20
https://doi.org/10.1097/MD.0000000000012421
https://doi.org/10.1055/s-2001-15182
https://doi.org/10.1016/j.phymed.2023.155264
https://doi.org/10.1080/10590501.2016.1278298
https://doi.org/10.3390/molecules201219839
https://doi.org/10.3390/molecules14072373
https://doi.org/10.1016/j.pnpbp.2007.09.011
https://doi.org/10.1016/j.pnpbp.2007.09.011
https://doi.org/10.1111/j.1460-9568.2006.04664.x
https://doi.org/10.1016/s0944-7113(00)80030-6
https://doi.org/10.1007/s11064-013-1005-4
https://doi.org/10.1158/1535-7163.MCT-06-0096
https://doi.org/10.1158/1535-7163.MCT-06-0096
https://doi.org/10.1080/19390211.2017.1284970


Li et al.� 10.3389/fnut.2026.1762061

Frontiers in Nutrition 23 frontiersin.org

	83.	 Chandrasekhar K, Kapoor J, Anishetty S. A prospective, randomized double-blind, 
placebo-controlled study of safety and efficacy of a high-concentration full-spectrum 
extract of Ashwagandha root in reducing stress and anxiety in adults. Indian J Psychol 
Med. (2012) 34:255–62. doi: 10.4103/0253-7176.106022

	84.	 Parihar P, Shetty R, Ghafourifar P, Parihar MS. Increase in oxidative stress and mito-
chondrial impairment in hypothalamus of streptozotocin treated diabetic rat: antioxida-
tive effect of Withania somnifera. Cell Mol Biol. (2016) 62:73–83.

	85.	 Sarhyal A, Chate S, Tubaki BR, Thakur R. Efficacy of Brahmi vati and Aswagandharista 
in major depressive disorder: a randomized controlled trial. J Ayurveda Integr Med. (2024) 
15:101022. doi: 10.1016/j.jaim.2024.101022

	86.	 Gokdemir GS, Seker U, Baksi N, Baylan M, Demirtaş B, Gokdemir MT. 
Antidepressant-like effects of Ashwagandha (Withania Somnifera) on chronic unpredict-
able mild stress-induced depression in adolescent rats. Psychopharmacology. (2025) 
243:117–32. doi: 10.1007/s00213-025-06844-5

	87.	 Nareshrao DP, Tatobaji TM. Effectiveness of Ashwagandha Siddha Tailadhara in man-
agement of Avasada (depression) in elderly persons-a pilot study. World J Pharm Res. 
(2017) 6:635–45. doi: 10.20959/wjpr20174-8198

	88.	 Majeed M, Nagabhushanam K, Murali A, Vishwanathan DT, Mamidala RV, Mundkur 
L. A standardized Withania somnifera (Linn.) root extract with piperine alleviates the 
symptoms of anxiety and depression by increasing serotonin levels: a double-blind, ran-
domized, placebo-controlled study. J Integr Complement Med. (2024) 30:459–68. doi: 
10.1089/jicm.2023.0279

	89.	 Williamson EM, Brendler T. Ashwagandha: is it safe? Part 2: a preclinical evidence 
review. Phytother Res. (2025). doi: 10.1002/ptr.70090

	90.	 Dipankar SP, Dani MM, Anirudhan R, Tripathi D, Mishra C, Devi SH, et al. 
Pharmacological insights into Ashwagandha (Withania somnifera): a review of its immu-
nomodulatory and neuroprotective properties. Cureus. (2025) 17:e89856. doi: 10.7759/
cureus.89856

	91.	 Mulay V, Nandikar M, Surwade P, Karmakar M, Saste G, Hingorani L. Ashwagandha: 
an overview of cultivation, propagation, extraction, and its phytochemistry. Ashwagandha 
(2025): 33–47.

	92.	 Jain V, Chaturvedi S, Jamil S, Tyagi R, Arya S, Madan S. Ashwagandha: botanic occur-
rence, conventional uses, and significance in heart, metabolic, renal and hepatic disorder. 
Nutr Food Sci. (2024) 54:1337–55. doi: 10.1108/nfs-01-2024-0030

	93.	Shinde S, Balasubramaniam AK, Mulay V, Saste G, Girme A, Hingorani L. 
Recent advancements in extraction techniques of Ashwagandha (Withania 

somnifera) with insights on phytochemicals, structural significance, pharmacology, 
and current trends in food applications. ACS Omega. (2023) 8:40982–1003. doi: 
10.1021/acsomega.3c03491

	94.	 Panossian A, Wikman G. Effects of Adaptogens on the central nervous system and 
the molecular mechanisms associated with their stress-protective activity. 
Pharmaceuticals. (2010) 3:188–224. doi: 10.3390/ph3010188

	95.	 Ross SM. Rhodiola rosea (SHR-5), part I: a proprietary root extract of Rhodiola rosea 
is found to be effective in the treatment of stress-related fatigue. Holist Nurs Pract. (2014) 
28:149–54. doi: 10.1097/HNP.0000000000000014

	96.	 Tan MS, Yu JT, Tan CC, Wang HF, Meng XF, Wang C, et al. Efficacy and adverse 
effects of Ginkgo biloba for cognitive impairment and dementia: a systematic review and 
meta-analysis. J Alzheimers Dis. (2015) 43:589–603. doi: 10.3233/JAD-140837

	97.	 Sarris J. Herbal medicines in the treatment of psychiatric disorders: a systematic 
review. Phytother Res. (2007) 21:703–16. doi: 10.1002/ptr.2187

	98.	 Yuan Q, Wang CW, Shi J, Lin ZX. Effects of Ginkgo biloba on dementia: an overview 
of systematic reviews. J Ethnopharmacol. (2017) 195:1–9. doi: 10.1016/j.jep.2016.12.005

	99.	 Panossian A, Wikman G, Sarris J. Rosenroot (Rhodiola rosea): traditional use, chemi-
cal composition, pharmacology and clinical efficacy. Phytomedicine. (2010) 17:481–93. 
doi: 10.1016/j.phymed.2010.02.002

	100.	Diamond BJ, Shiflett SC, Feiwel N, Matheis RJ, Noskin O, Richards JA, et al. Ginkgo 
biloba extract: mechanisms and clinical indications. Arch Phys Med Rehabil. (2000) 
81:668–78. doi: 10.1016/s0003-9993(00)90052-2

	101.	Drago F, Floriddia ML, Cro M, Giuffrida S. Pharmacokinetics and bioavailability of 
a Ginkgo biloba extract. J Ocul Pharmacol Ther. (2002) 18:197–202. doi: 
10.1089/108076802317373941

	102.	Kim S-K, Venkatesan J, Rathi P, Antony B. Pharmacokinetics and bioequivalence of 
Withania somnifera (Ashwagandha) extracts—a double blind, crossover study in healthy 
adults. Heliyon. (2023) 9:e22843. doi: 10.1016/j.heliyon.2023.e22843

	103.	Lin J, Sun X, Yang L. Effects and safety of Ginkgo biloba on depression: a systematic 
review and meta-analysis. Front Pharmacol. (2024) 15:1364030. doi: 10.3389/
fphar.2024.1364030

	104.	Morris, G, Walder, KR, Berk, M, Marx, W, Walker, AJ, Maes, M, et al. The interplay 
between oxidative stress and bioenergetic failure in neuropsychiatric illnesses: can 
we  explain it and can we  treat it? Mol Biol Rep. (2020) 47:5587–620. doi: 10.1007/
s11033-020-05590-5

https://doi.org/10.3389/fnut.2026.1762061
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.4103/0253-7176.106022
https://doi.org/10.1016/j.jaim.2024.101022
https://doi.org/10.1007/s00213-025-06844-5
https://doi.org/10.20959/wjpr20174-8198
https://doi.org/10.1089/jicm.2023.0279
https://doi.org/10.1002/ptr.70090
https://doi.org/10.7759/cureus.89856
https://doi.org/10.7759/cureus.89856
https://doi.org/10.1108/nfs-01-2024-0030
https://doi.org/10.1021/acsomega.3c03491
https://doi.org/10.3390/ph3010188
https://doi.org/10.1097/HNP.0000000000000014
https://doi.org/10.3233/JAD-140837
https://doi.org/10.1002/ptr.2187
https://doi.org/10.1016/j.jep.2016.12.005
https://doi.org/10.1016/j.phymed.2010.02.002
https://doi.org/10.1016/s0003-9993(00)90052-2
https://doi.org/10.1089/108076802317373941
https://doi.org/10.1016/j.heliyon.2023.e22843
https://doi.org/10.3389/fphar.2024.1364030
https://doi.org/10.3389/fphar.2024.1364030
https://doi.org/10.1007/s11033-020-05590-5
https://doi.org/10.1007/s11033-020-05590-5

	Rhodiola rosea, Ginkgo biloba, and Ashwagandha as novel antidepressant supplements: converging monoaminergic, neurotrophic, anti-inflammatory, and brain health pathways in depressive disorders
	1 Introduction
	2 Methodology
	3 Pathophysiology of depression
	3.1 Monoaminergic dysfunction
	3.2 HPA-axis dysregulation
	3.3 Neuroinflammation
	3.4 Oxidative stress
	3.5 Neurotrophic deficits and impaired hippocampal neurogenesis
	3.6 Mitochondrial dysfunction

	4 Herbal antidepressant supplements: an overview
	5 Rhodiola rosea
	5.1 Phytochemical composition
	5.2 Mechanisms of action
	5.3 Preclinical and clinical evidence
	5.4 Toxicology, pharmacokinetics, and standardization of Rhodiola rosea

	6 Ginkgo biloba
	6.1 Active constituents
	6.2 Mechanisms of action
	6.3 Preclinical and clinical evidence
	6.4 Toxicology, pharmacokinetics, and standardization of Ginkgo biloba

	7 Ashwagandha (Withania somnifera)
	7.1 Bioactive components
	7.2 Mechanisms of action
	7.3 Preclinical and clinical evidence
	7.4 Phytochemistry, extraction advances, and pharmacological significance of Withania somnifera (Ashwagandha)

	8 Translational and clinical implications
	9 Comparative and synergistic analysis of Rhodiola rosea, Ginkgo biloba, and Ashwagandha
	9.1 Comparative mechanisms of action
	9.2 Pharmacokinetic considerations and standardization
	9.3 Comparative clinical efficacy and target populations

	10 Limitations and future directions
	11 Conclusion

	References

