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Abstract: Background/Objectives: Major depressive disorder (MDD), a debilitating psychiatric condition, is
intricately linked to neuroinflammation, oxidative stress, mitochondrial dysfunction, disrupted tryptophan-
kynurenine pathways, and an urgent need for novel, plant-based therapeutics such as curcumin and other
natural antidepressants. Emerging evidence further highlights altered brain-derived neurotrophic factor (BDNF)
signaling in MDD, making the search for integrative, phytomedicine-oriented interventions more critical than
ever. Methods: This systematic review critically analyzed 62 articles initially retrieved from PubMed, Cochrane,
EMBASE, and Google Scholar databases, with 19 studies deemed eligible for comprehensive synthesis. Results:
The included investigations spanned diverse populations and examined the therapeutic potential of
phytochemicals to modulate neuroimmune interactions, reduce oxidative injury, and enhance mood-related
biomarkers. Among the promising candidates, curcumin, polyphenols, and flavonoid-rich extracts consistently
demonstrated improvements in depressive symptoms, often by targeting pro-inflammatory mediators and
promoting neuroplasticity. These findings reinforce the notion that bioactive compounds from plants may serve
as effective adjunctive or standalone strategies in MDD management, particularly for individuals who
experience limited benefit from conventional approaches. Conclusions: This study demonstrates the growing
feasibility of phytomedicine as a powerful complement to existing treatment paradigms. Future work should
focus on standardized dosing, long-term safety, and mechanistic studies that clarify how plant-derived
compounds can be leveraged for more robust, personalized depression care. Such integrative approaches

promise to broaden therapeutic horizons and spark novel research pathways in translational neuroscience.
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1. Introduction

Major depressive disorder (MDD) is a highly prevalent and disabling psychiatric condition,
characterized by pervasive low mood, anhedonia, cognitive dysfunction, and significant
impairments in occupational, social, and interpersonal functioning [1]. Beyond its impact on quality
of life, MDD remains the leading psychiatric contributor to global suicide mortality, with core
symptoms including diminished self-worth, excessive guilt, psychomotor changes, and sleep
disturbances —factors that collectively contribute to increased all-cause mortality rates [2]. Patients
with MDD often exhibit persistent negative cognitive biases, social withdrawal, and disrupted
emotional regulation [3]. Epidemiological data indicate a growing global burden, currently affecting
over 350 million individuals, with projections by the World Health Organization suggesting that
MDD will become the leading cause of disability worldwide by 2030 [4]. Vulnerable populations—
including pregnant women, the elderly, and children—exhibit disproportionately high incidence
rates, underscoring the role of psychosocial stressors, genetic susceptibility, and environmental
adversity in its etiology [5-8]. Chronic stress, in particular, has been implicated in the
pathophysiology of MDD through its capacity to disrupt neuroplastic processes, inducing neuronal
atrophy, synaptic loss, and volumetric changes in key brain regions such as the hippocampus and
prefrontal cortex, ultimately driving the affective, cognitive, and behavioral symptoms characteristic
of the disorder [9-11]. Figure 1 summarizes the primary neurobiological mechanisms involved in
MDD pathogenesis.
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Figure 1. Neurobiological contributors to the onset and progression of major depressive disorder (MDD).
Multiple interacting systems—including genetic predisposition, chronic psychosocial stress, systemic
comorbidities, and immune dysregulation—converge to disrupt neuroimmune homeostasis. Central to this
pathophysiology are oxidative stress, liver dysfunction, intestinal dysbiosis, and neuroinflammation, driven by
activated microglia and astrocytes. These cells increase reactive nitrogen and oxygen species (NO, ROS), impair
mitochondrial function, and alter kynurenine (KYN) pathway dynamics, reducing kynurenic acid (KYNA) and
promoting neurotoxicity. Dysregulated serotonin and gamma-aminobutyric acid (GABA) signaling, alongside
diminished brain-derived.

Emerging evidence underscores the critical role of neuroinflammatory processes in the
pathogenesis of MDD, positioning central nervous system (CNS) inflammation as a key mechanistic
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driver in a subset of patients [12]. A growing body of research implicates dysregulation within the
kynurenine pathway of tryptophan metabolism—a principal biosynthetic route for serotonin—in
contributing to both decreased serotonergic tone and increased production of neurotoxic metabolites
[13]. These metabolic shifts not only compromise neurotransmitter homeostasis but also enhance
susceptibility to mood dysregulation and cognitive impairment, hallmarks of depressive pathology
[14-17]. Moreover, metabolomic profiling studies in individuals with MDD consistently report
aberrations in a range of circulating metabolites, including tryptophan, tyrosine, methionine, valine,
phenylalanine, pyruvate, kynurenic acid, and deoxycholic acid [18]. These metabolic disruptions are
closely associated with impaired neuroprotective mechanisms, increased oxidative burden,
dysregulated apoptotic signaling, and chronic low-grade inflammation [19-21]. Collectively, these
pathophysiological alterations foster a neurobiological environment conducive to the initiation and
persistence of depressive symptoms, particularly through the destabilization of neuronal resilience
and synaptic integrity [22].

While conventional pharmacological treatments— particularly tricyclic antidepressants (TCAs)
such as imipramine, amitriptyline, clomipramine, desipramine, and doxepin—remain foundational
in the management of MDD, their therapeutic efficacy is primarily mediated through modulation of
monoaminergic neurotransmission, specifically by increasing synaptic concentrations of serotonin
and norepinephrine [4]. Despite their clinical utility, accumulating evidence indicates that
antidepressants, though considered first-line interventions, do not represent the only effective
modality for managing MDD [2]. Notably, in pediatric and adolescent populations, non-
pharmacological strategies—including psychosocial support, structured physical activity, and
nutritional optimization—have demonstrated clinically relevant preventive and therapeutic effects
[23]. Nonetheless, a significant proportion of individuals exhibit partial or complete resistance to
these interventions, highlighting the need for adjunctive or alternative therapeutic strategies [24]. In
this context, phytotherapeutics have gained renewed scientific interest due to their historical use,
biological plausibility, cost-effectiveness, and favorable side-effect profiles. Medicinal plants have
long served as a source of bioactive compounds with neuroprotective, anti-inflammatory, and
neuromodulatory properties [25]. These natural products continue to inform the discovery and
development of novel pharmacological agents, offering a potentially valuable adjuvant approach for
individuals with treatment-resistant or recurrent depression [26,27].

Phytochemicals are naturally occurring bioactive compounds found in a wide array of plants
and dietary sources, contributing to their pigmentation, aroma, and flavor profiles [28]. These
compounds span diverse chemical classes —including alkaloids, flavonoids, steroids, coumarins, and
terpenoids such as eucalyptol—and have been increasingly recognized for their therapeutic
properties, particularly in conditions driven by oxidative stress and chronic inflammation [29].
Beyond their well-established antioxidant and anti-inflammatory actions, phytochemicals also
exhibit vasoprotective and cardiometabolic benefits, positioning them as promising agents in the
prevention and management of complex, multifactorial disorders [30]. Within the field of
neuropsychiatry, phytocompounds have garnered substantial attention for their potential roles in
modulating key neurobiological processes implicated in neurodegenerative and mood disorders.
Compounds derived from plants such as Aizoaceae, Acorus, Korthalsella, Astragalus membranaceus,
Sophora flavescens, and Ononis spinosa have long been employed in traditional medicine systems for
their psychotropic and neuromodulatory effects [31-33]. Preclinical studies and emerging clinical
trials suggest that several of these botanicals exert antidepressant-like effects through mechanisms
involving monoaminergic modulation, neurotrophic signaling, and suppression of
neuroinflammatory cascades [34]. As such, the integration of phytocompounds into therapeutic
frameworks for MDD is increasingly being explored, both as standalone treatments and as adjuncts
to conventional pharmacotherapy [35]. Their potential to target multiple pathological domains
simultaneously renders them particularly relevant in the context of MDD, a disorder characterized
by complex and heterogeneous neurobiological underpinnings [36].
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It is well established that neurodevelopment intricately shapes emotional regulation and
cognitive function, both of which are highly susceptible to disruption by psychiatric and neurological
disorders [37]. In recent decades, the global burden of neuropsychiatric conditions—particularly
those with complex, multifactorial etiologies such as MDD —has escalated significantly, placing
substantial pressure on healthcare systems and highlighting the urgent need for innovative,
accessible, and well-tolerated therapeutic strategies [38-40]. Although conventional antidepressants
remain central to current treatment paradigms, their limitations—namely delayed onset of action,
treatment resistance, and undesirable side effect profiles—have driven the search for alternative and
adjunctive interventions that can engage broader neurobiological targets with improved safety
margins [41,42].

In this context, phytocompounds have emerged as promising candidates due to their pleiotropic
mechanisms of action, encompassing anti-inflammatory, antioxidant, and neuromodulatory
properties [43]. However, despite mounting preclinical evidence and isolated clinical investigations
suggesting their potential benefit, no prior systematic review has comprehensively synthesized the
clinical trial literature evaluating the efficacy of general phytocompounds in MDD [44]. Addressing
this gap, the present review aims to critically evaluate and consolidate available interventional
evidence from human studies, with a specific focus on the therapeutic effects, mechanistic
underpinnings, and translational relevance of phytochemicals in the treatment of depression. By
doing so, we aim to provide a scientifically rigorous and clinically informative resource for guiding
future research and potential integration of phytotherapeutics into evidence-based psychiatric care.

2. Materials and Methods

2.1. Focused Question

This systematic review intended to answer the question: Can phytocompounds consumption benefit
patients with MDD? is the targeted therapeutic intervention capable of yielding a measurable
improvement in symptom progression compared to standard care alone? We started by surveying
existing literature to identify gaps in current understanding and zeroed in on this specific inquiry
because it addresses a major clinical hurdle. By doing so, we aimed to ensure that every step of our
methodology —from patient selection to data collection —stayed aligned with the single, most critical
issue at hand: quantifying whether our proposed treatment truly moves the needle for patients in a
meaningful way.

2.2. Language

This study exclusively employed clinical trials in the English language for literature searches,
data collection, and participant interactions. We did not rely on any foreign-language sources,
believing that an English-only focus would simplify our review process and minimize translational
discrepancies. By narrowing our scope to the most widely accessible corpus of medical literature, we
aimed to ensure comprehensive coverage without introducing linguistic ambiguities. This uniform
approach kept every phase of the project consistent and transparent.

2.3. Literature Search and Databases

A comprehensive literature search was conducted across four major biomedical databases—
Google Scholar, Cochrane Library, EMBASE, and MEDLINE/PubMed—to identify studies
investigating the therapeutic relevance of phytocompounds in the context of MDD. The search
strategy employed Boolean combinations of the following terms: “Major Depressive Disorder” OR
“depression” AND “phytocompounds” OR “phytochemicals” OR “plant-derived compounds.”
Study selection was independently performed by two reviewers (A.C.F.G. and F.F.F.) to ensure
methodological rigor and minimize bias. In instances where inclusion decisions were incongruent, a
third reviewer (L.P.A.) served as an adjudicator to reach consensus. This dual-reviewer model with
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conflict resolution ensured consistency in study eligibility, aligning with PRISMA guidelines and
reinforcing the integrity of the evidence synthesis. The methodological emphasis remained on studies
with clearly defined endpoints related to symptom progression, treatment response, and
neurobiological mechanisms, with the aim of elucidating how phytocompounds may modulate core
processes implicated in the onset, maintenance, and treatment resistance of MDD.

2.4. Study Selection

This review was designed to synthesize interventional studies investigating the therapeutic
potential of phytocompounds in the treatment of MDD. Inclusion criteria were restricted to
experimental studies that employed well-characterized phytochemicals as the primary treatment
modality in populations formally diagnosed with MDD. Eligible studies were required to assess
outcomes relevant to depressive symptomatology and, where applicable, include mechanistic
endpoints related to neurotransmission, neurotrophic signaling, inflammation, or oxidative stress.

To ensure methodological consistency and reduce interpretive variability, we applied stringent
exclusion criteria. Studies were excluded if they (i) involved heterogeneous or unstandardized
mixtures of phytocompounds without compound-specific analysis; (ii) were published in languages
other than English; or (iii) fell outside the scope of primary research, including editorials,
commentaries, conference proceedings, poster abstracts, case reports, and gray literature. This
rigorous selection process ensured that the synthesized evidence was derived exclusively from high-
quality interventional designs capable of supporting mechanistic inference and clinical translation.
The goal was to distill a coherent and actionable understanding of how phytochemicals may
modulate core neurobiological processes implicated in the onset, maintenance, and treatment
resistance of MDD.

2.5. Data Extraction

This review focused exclusively on the synthesis of interventional studies evaluating the efficacy
of phytocompounds in the treatment of MDD. No temporal restrictions were applied in the literature
search, thereby enabling a comprehensive inclusion of both foundational and recent studies relevant
to the evolving understanding of phytochemical interventions in depression. To standardize data
extraction and facilitate consistent interpretation across heterogeneous trial designs, we employed
the PICO (Population, Intervention, Comparison, and Outcomes) framework.

The Population component included individuals diagnosed with MDD according to
standardized diagnostic criteria (DSM-IV, DSM-5, or ICD-10). The Intervention was defined as the
administration of isolated or standardized phytocompounds, either as monotherapy or as adjunctive
treatment to conventional antidepressants. Comparisons included placebo, standard
pharmacotherapy, or other active comparators. Outcomes were limited to clinically validated
measures of depressive symptom severity (e.g, HAM-D, MADRS, BDI), along with secondary
outcomes such as remission rates, response rates, and tolerability profiles when available.

By anchoring our methodological framework to the PICO structure, we ensured a high level of
analytical precision in synthesizing data on the therapeutic relevance of phytochemicals, particularly
in relation to their potential neuromodulatory roles in the pathophysiology and treatment resistance
of depression.
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2.6. Search and Selection of the Relevant Articles

The selection of studies for this review was conducted in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, ensuring
methodological transparency, reproducibility, and rigor throughout the screening and inclusion
process [45,46]. All retrieved records underwent a two-tiered selection protocol: an initial title and
abstract screening followed by full-text evaluation based on predefined eligibility criteria. This
approach facilitated a systematic appraisal of interventional studies investigating the efficacy of
phytocompounds in the treatment of MDD.

The application of PRISMA methodology allowed for the consistent identification and extraction
of relevant clinical trials that met the inclusion parameters—namely, the use of well-characterized
phytochemicals as therapeutic agents and the assessment of depression-related outcomes in formally
diagnosed MDD populations. Discrepancies during the selection process were resolved through
consensus or consultation with a third reviewer to uphold methodological consistency. This
framework ensured that only high-quality interventional evidence was synthesized, enabling robust
interpretation of the neuromodulatory and therapeutic potential of phytocompounds in the context
of depression onset, chronicity, and treatment resistance.

2.7. Quality Assessment

To ensure the methodological quality and internal validity of the included interventional
studies, we adhered to the evaluative criteria outlined in the Cochrane Handbook for Systematic Reviews
of Interventions [47]. This framework was employed to systematically assess the risk of bias across
multiple domains, including random sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment, completeness of outcome data, selective
reporting, and other potential sources of bias.

Each domain was independently evaluated by two reviewers using the Cochrane Risk of Bias
tool (RoB 2.0), with discrepancies resolved through discussion or adjudication by a third reviewer
when necessary. The use of this standardized tool ensured that bias assessment was both transparent
and reproducible, thereby strengthening the interpretive reliability of the synthesized findings. This
quality appraisal process was critical to distinguishing high-confidence evidence from studies with
methodological limitations and enabled a more nuanced understanding of the extent to which
phytocompounds may exert clinically meaningful effects on depressive symptomatology through
neuromodulatory mechanisms.

3. Results

3.1. Literature Search and Study Selection

A total of 62 records were initially retrieved through systematic searches of major biomedical
databases using predefined search terms related to phytocompounds and MDD. Following the
removal of 30 articles—due to duplication, non-English language, unpublished manuscripts, poster
presentations, conference abstracts, and gray literature—32 articles remained for preliminary
screening. After title and abstract evaluation, 22 full-text articles were selected for comprehensive
eligibility assessment. These studies were further appraised for their methodological rigor, relevance
to the research question, and the clarity of outcome reporting. Of the 22, three were excluded due to
methodological limitations, insufficient alignment with predefined inclusion criteria, or incomplete
outcome data. Ultimately, 19 interventional studies—predominantly randomized controlled trials
and open-label interventions—met the eligibility requirements and were included in the final
qualitative synthesis (Figure 2). These studies represent a diverse range of phytochemical agents
evaluated for their antidepressant efficacy across varied populations and clinical settings, providing
a rich foundation for further analysis (Table 1).


https://doi.org/10.20944/preprints202504.0573.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 April 2025

*Consider, if feasible to do so, reporting the number of records identified from each database or
register searched (rather than the total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and
how many were excluded by automation tools.
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Figure 2. PRISMA flow diagram illustrates the systematic selection process of clinical trials evaluating
phytocompounds in Major Depressive Disorder (MDD). Of the 98 initially identified records, 42 were excluded
due to duplication, non-English language, unpublished or non-peer-reviewed formats. Of the remaining 56, 21
full-text articles underwent eligibility assessment. Three were excluded for methodological limitations or
insufficient relevance. Ultimately, 19 rigorously appraised interventional studies were included in the final
synthesis, forming the evidence base for this review.
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Table 1. Summary of Interventional Studies Evaluating the Therapeutic Effects of Phytocompounds in Major Depressive Disorder (MDD). This table presents a structured synthesis of the 19
clinical trials included in the systematic review, selected according to PRISMA guidelines. Each study is characterized by its design, geographic location, sample demographics, intervention type,
control conditions, outcome measures, and reported adverse events. The interventions include a range of phytocompounds—such as curcumin, flavonoids, anthocyanins, and isoflavones —
administered in monotherapy or adjunctive formats. Outcomes were assessed via validated psychometric scales and, where applicable, supported by biochemical and neurotrophic markers. This
compilation provides a comparative overview of study quality, efficacy, and safety in the clinical application of phytochemicals for MDD.

INTERVENTION/

REFERENCE MODEL/COUNTRY POPULATION COMPARISON OUTCOMES SIDE EFFECTS
Randomized double-jbl.ind 42 patients with CSFP; 35— Participants received 80 .Mental co.mponent summary scores sigr.lificantl.y
placebo-controlled clinical . improved in the treated group; more patients with Nausea, headache,
[48] . 70y, 25<body mass mg/day nano-curcumin or . . .
trial/ . lower degrees of depression were found in the diarrhea.
index <40 kg/m?) placebo for 12 weeks. . .
Iran intervention group (p =0.046).
[49] Randomized, double-blind, 76 individuals —all '-35  GI: quercetin, 500 mg/day; G1: depression rates decreased significantly in the ~G1: headache, joint pain,
placebo-controlled / Iran. to65y. G2: placebo, 500 mg/day; quercetin group post-intervention [median (IQR):  tingling in extremities,
for 8 weeks. -1.00 (6.00); P = 0.04) but not compared with the abdominal discomfort.
placebo group.
[50] G1: FR ou FL;
Randomized, simple blind, They consumed FR or FL three No significant AD.
controlled/ South Korea.  Study 40 young & and @ times a day (30-60 minutes before
with MDD - Age: 18 to  breakfast, lunch, and dinner; 190 Orange flavonoid interventions significantly
29y. mL per bottle); improved HAMD-17, BD], and CES-D scores in
for 8 weeks. patients with MDD. In addition to having
https://pubmed.ncbi.n probiotics potential in the treatment of depression.
Im.nih.gov/35745176/ G1: Potatoes — SQ - Naturally
(Nao conseguimos Randomized, double- blind, contains anthocyanins - No significant AD.
citar, mas placebo-controlled / Japan. containing 45 mg of anthocyanin; Intake of SQ significantly improved the response
encontramos no Study with 15 G2: Potatoes — Haruka; to psychological stress, irritability and depression
endnote) individuals — 4 (&) and 11Subjects ate potatoes (75 g) cooked in BJSQ compared to "Haruka".
(?) — Age: 50-70 y. - microwaved for 2 min once a The health benefits of anthocyanins are established,
day / for 8 weeks, evaluated MSC especially in preventing diseases related to
[51] counts and various stress oxidative stress.

responses.



https://doi.org/10.20944/preprints202504.0573.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 April 2025

G1: FR or FL - 190 mL, twice daily
(30-60 min before breakfast and  After the intervention, the mean CES-D scores in

Study with 40 dinner); the FR and FL groups decreased to <20 points;
individuals — 16 (&) and for 8 weeks. Flavonoids exhibit a neuroprotective effect by
24 (?) — Age: 20-30 y. counteracting inflammatory reactions

Randomized, simple-blind,
controlled / South Korea.

[52]
Randomized, parallel and G1: ESC + PYC (34 individuals - Treatment with ESC reduced the MADRS score and
open/ Slovakia. 115 and 232 - 10 to 20 mg/day of  extra administration of PYC did not bring about
Study with 67 ESC+ 50 mg/day of PYC) or ESC changes.
individuals of both no additional supplementation (33
sexes with MDD -20 (J) individuals — 96 and 249 - 10 to 20
and 47 (?) -Age: 18-65y. mg/day of ESC), for 12 weeks.
[53]
G1: Flavonoid-rich WBB, with 253 In both studies, an increase in PA was observed 2 h
Randomized, double-blind, mg of anthocyanins + 30 g of after consumption of the WBB drink rich in
placebo-controlled/ United Study 1 with 21 freeze-dried WBB with 30 mL of flavonoids, but it had no effect on NA. The effect of
Kingdom. individuals -2 (¢) and 19  low-flavonoid Rocks Orange flavonoids on mood was consistent across both
(?) - Age:18-21y; Squash and 220 mL of water; populations.
[54] Study 2 with 52 children G2: vitamin C (4 mg), sugars (8.90
-23(d)and 29 (?) — Age: & fructose, 7.99 g glucose), 30 mL
7-10y. Rocks Orange Squash and 220 mL
water;
Study 2 content identical to study
[55] 1, but with 170 ml of water.

Nao achamos o tempo do estudo.

No significant AD?

No significant AD.

No significant AD.?
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G1: food supplement with 200 mg

[56] of fermented soy (with 10 mg of
Randomized, double- blind, equol + 80 mg of isoflavone Treatment significantly reduced the number of ~The most common adverse
placebo-controlled / Italy Study with 60 (&) aglycones) + 25 mg of resveratrol ~ individuals affected by depressive symptoms  events associated with the
recently menopausal - 50 (1 tablet/day) assessed by HAM-D. These significant use of resveratrol is mild
-55y. G2: placebo; improvements occurred at week 12 and were diarrhea.
for 12 weeks. observed in work and activities (-94.1%) (p<0.001).
G1: ultra-low dose (12.5 mg/day)
or low dose (25 mg/day) No significant AD.
Randomized, double-blind, isoflavone aglycone tablets; G1 low dose: A significant improvement in the
placebo-controlled/ Japan.  Study 87 women's who G2: placebo; HADS score was obtained; AIS; MSS somatic
presented at least one for 8 weeks symptoms after 4 to 8 weeks of treatment;
symptom of menopause In the ultra-low dose and placebo groups, there
in MSS - Age: 40 - 60 y. was no significant change in HADS and AIS.
Randomized, double-blind, G1: low dose (100 mg/day — 25 mg
placebo-controlled/ Japan. of GSPE - 33 women) or high dose In the HADS-depression subscale, the score was No significant AD.
Study with 91 women (200 mg/day — 50 mg of GSPE - 32  not significantly changed in any of the groups,
with at least one women) — GSPE tablets; whereas in the HADS-anxiety subscale, the score in
symptom of menopause G2: Placebo -0 mg of GSPE-38  the low and high dose groups improved after 4
— Age: 40 — 60 years. women weeks of treatment. Furthermore, the change in the
In both groups, women were  anxiety subscale score was substantially greater in
instructed to take 4 tablets per day the high-dose group than in the placebo group.
at any time of the day;
For 8 weeks.
Bl9ck randomized, triple- 50 patients with MS and G1: 180 mg of ellagic acid - Ellagic acid significa.ntly rec?uce.z(% serum levels of
blind, placebo-controlled . o IFN-y, NO, and cortisol. It significantly increased .
[57] . . Depression - 12% (d") and 90mg/2x day; . No significant AD.
clinical trial / Iran 88% (2): 18-55 G2: Placebo /12 week serum levels of serotonin and BDNF and promoted a
(multicenter). o (%) Y- FTAcEbO 12 WeeKS. favorable effect in reducing BDI-II and EDSS scores.
. . . . GL: FR or FL; Participarllts Orange flavonoid interventions significantly
(50] Randomized, simple blind, 40 young & and ? with consumed FR or ‘FL three times a improved HAMD-17, BDI, and CES-D scores in No significant AD.
controlled/ South Korea. MDD; 18to 29 y. day (30-60 minutes before . . L . L.
breakfast, lunch, and dinner; 190 patients w1th. MPD. In addition to having Problotlcs
potential in the treatment of depression.
mL per bottle); for 8§ weeks.
(58] Randomized, double- blind, 15 individuals -4 (') and G1: Potatoes — SQ (contains Intake of SQ significantly improved the No significant AD.
anthocyanins 45 mg; G2: Potatoes —response to psychological stress, irritability, and

placebo-controlled / Japan.

11 (?); 50-70 y.

Haruka. Subjects ate potatoes (75 g) depression in BJSQ compared to "Haruka".
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cooked - microwaved for 2 min Anthocyanins can help preventing diseases

once a day / for 8 weeks related to oxidative stress.
Mothers who ate a high level of flavonoids had
Randomized, controlled, 38 mothers whohad  G1: 21 mothers (consumption of an  significantly lower state anxiety after the
[59] exploratory study, clinical ~ babies under 12 months average of 15.45 items with a high intervention. The quality of perceived physical No siemnificant AD
trial / United Kingdom. (baby age ranged from 5 flavonoid content); G2: changes in health, perceived psychological health, and the & ’
to 48 weeks). their diet/ for 2 weeks. quality of social relationships were significantly
higher after the intervention
Randomized. single-blinded 63 healthy young, middle- G1: 2 groups, namely: 25g of SRP, The SRP groups; PB and CB showed a di r;:fi‘l]rel ZhinSRtlc:riz)gs;ho
[60] s SINg ’ aged adults with and 32 g/day of PB; G2: 32g/day of significant decrease in depression, with the P- & ymp g
placebo-controlled, crossover, . . consumed PB or CB:
.. . . overweight; 195 449; 18- CB /for 6 months or 7 months in value: (p=0.007, p=0.026 and p=0.032, .
parallel clinical trial / Spain. . . softening of stool and
33y. some cases (pandemic). respectively). .
reduced constipation.
Multi-center, randomized, Participants of treated group  In 2-month there was a reduction of depressive
[61] Open-Label with 4 parallel 125 participants (67 ¢, 70.4 received a diet rich in antioxidants symptoms according to Center for No serious AE
groups Intervention / France, y). (vitamin E, C, carotenoid, Epidemiologic Studies Depression Scale in the '
Italy, Germany. polyphenols), four arms
Patients were enrolled in a 4-week __. . .
. . High Polyphenol Diest group showed reduction
Randomized, controlled, . . low polyphenol diet washout i . .
. . 99 mildly hypertensive . . in depressive symptoms (Beck Depression
[62] parallel-group, single-blinded .. period and then randomized to an . Not reported.
. . ; participants; 40-65 y . . Inventory-II), and an amelioration of mental
trial, /United Kingdom low polyphenol diet or an high
. health component scores
polyphenol diet / 8 weeks.
- Randomized, simple-blind, 40 individuals — 16 (&) ~G1: FR or FL - 190 mL, twice daily Affsrt;};eﬁﬁt:i‘éegs"’r‘;lhes’2::2;22’2 0% Nosignificant AD
controlled / South Korea. and 24 (?) -20-30y. (30—-60 min before breakfast and . . & ‘p . .
. points; Flavonoids exhibit a neuroprotective
dinner); 8 weeks. . .
effect by counteracting inflammatory reactions.
G1: ESC + PYC (34 individuals —
67 individuals of both 115 and 239 - 10 to 20 mg/day of Treatment with ESC reduced the MADRS score,
[52] Randomized, parallel, and  sexes with MDD -20 (&) ESC+ 50 mg/day of PYC) or ESC no and extra administration of PYC did not bring No significant AD.
open/ Slovakia. and 47 (?) - 18-65 y. additional supplementation (33 about changes.
individuals — 95 and 249 - 10 to 20
mg/day of ESC), for 12 weeks.
Randomized, multicenter, G1: curcumin 500 - 1500 mg/day G1: dizziness:
double-blind, placebo- 61 patients who had at  orally; G2: placebo /for 1 week;  No significant difference in blood parameters, nausea /vc;mitin ] ins’omnier
[63] controlled clinical trial / least 1 episode of MDD  then 1 dose each week and after 4 heart rate, and PR and QRS intervals between diarthea: G2: %{iZZiHESS' ’
Thailand, Brazil, Bulgaria, (5/9); 18-63 y. weeks (1500 mg of G1 and G2 curcumin improved MADRS score. T g

nausea/vomiting; insomnia.
and Australia. curcumin/placebo); 12 to 16 weeks. / &
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Randomized, double- blind, 60 () recently

fermented soy/ 10 mg of equol + 80

Treatment significantly reduced the number of
individuals affected by depressive symptoms
assessed by HAM-D. These significant

GI: food supplement (200 mg of

The most common adverse
event associated with the
use of resveratrol is mild

4 ;50 - . f isofl 1 2
[>4] placebo-controlled / Italy. menopausal; 50 - 55y mg of isoflavone aglycones) + 25 improvements occurred in week 12 and were .
mg of resveratrol (1 tablet/day); G2: . . diarrhea.
observed in work and activities (-94.1%)
placebo; for 12 weeks.
(p<0.001).
G1: Flavonoid-rich WBB, with 253
Study 1 with 21 ¢ me ogaﬁilivql;;mn.st; Cf(()) & Ef , In both studies, an increase in PA was observed
Randomized, double-blind, individuals -2 (¢) and 19 " ***00e © 5 WS M99 h after consumption of the WBB drink rich in
w-flavonoi ran,
placebo-controlled/ United (9);18-21y; & flavonoids, but it had no effect on NA. The No significant AE
[53] . , ] Squash (OS) and 220 mL of water; ) :
Kingdom. Study 2 with 52 children — o effect of flavonoids on mood was consistent
23 (@) and 29 (2); 7-10y, 2 vitamin C (4 mg), 30 mL Rocks across both populations
’ ¥ 08, and 220 mL water; Study 2 Pop ’
content same as study 1, but with
170 ml of water.
87 women who presented G1: ultra-low dose (12.5 mg/day) or G1 low dose: A significant improvement in the
[55] Randomized, double-blind, at least one symptom of low dose (25 mg/day) isoflavone ~ HADS score was obtained; AIS; MSS somatic No sienificant AE
placebo-controlled/ Japan. menopause in MSS;40 - 60 aglycone tablets or G2: placebo/ 8 symptoms after 4 to 8 weeks of treatment. There &
y. weeks was no significant change in HADS and AIS in
the ultra-low dose and placebo groups.
Randomized, double-blind, 30 obese individuals - 83% GI: curcumin, 1 g/day; G1: presented a significantly reduced mean BAI No significant AE.
[64] placebo-controlled, crossover, (9 and 17% (); me ° G2 placebo/ 30 days; after that, score; however, no significant impact on BDI
an ; mean
clinical trial / Iran and the age: 38 370+ 1 1'5 1 inversion of the groups and scores. Therefore, curcumin has a potential
United Kingdom. e oo Ty perform the same intervention. anxiolytic effect on obese people.
In the HADS-d i le, th did
GL: low dose (100 mg/day —25 mg not E(!:han essi iﬁ;f’::::? Si?lbasrfa z,f thi scr(:s s1
of GSPE or high dose (200 mg/day 8¢ 518 ymany groups,
. whereas in the HADS-anxiety subscale, the C
. . 91 women with atleast —50 mg of GSPE) — GSPE tablets; . . No significant AE.
Randomized, double-blind, score in the low and high-dose groups
[56] lacebo- one symptom of G2: Placebo — 0 mg of GSPE. In . .
placebo-controlled/ Japan. improved after 4 weeks. The change in the
menopause; 40 — 60 years. both groups, women were . .
. anxiety subscale score was substantially greater
instructed to take 4 tablets per day . .
. in the high-dose group than in the placebo
at any time of the day for 8 weeks.
group.
Participants consumed dark The high dose polyphenols diet significantly
[10] Double-blind parallel trial / Participants: 39% o; 40-65 chocolate drink with 500 mg, 250 increased self-rated calmness and No AE
Australia years mg or 0 mg of polyphenols  contentedness compared to placebo. Mood scale
(placebo)/ once day / 30days. and cognition was unchanged.
[65] Double blinded, randomised, 10 participants Comparison of a high polyphenol = The Hospital Anxiety and Depression score No AE

clinical pilot crossover

chocolate with iso-calorific showed improvement after the consumption of
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study/ United Kingdon chocolate (cocoa liquor free/low  olyphenol rich chocolate but deteriorated after

polyphenols). isocaloric diet.

AE: Adverse events; AIS: Athens Insomnia Scale; BAIL: Beck Anxiety Inventory; BDI: Beck Depression Inventory; BDI-II: Beck Depression Inventory-II; BDNF: Brain-derived neurotrophic fator;
CB: control butter; CES-D: Center for Epidemiological Studies Depression Scale; EDSS: expanded disability status scales; ESC: Escitalopram; FL: low flavonoid orange cordial group; FR: group
of orange juice rich in flavonoids; GSPE: grape seed proanthocyanidin extract; HADS: Hospital Anxiety and Depression Scale; HAMD/ HAMD -17: Hamilton Depression Rating Scale; IFN-y:
gamma interferon; IQR: range between quartiles; MADRS: Montgomery - Asberg Depression Rating Scale; MDD: major depressive disorder; MSC: mesenchymal stem cells; MSS: Menopause
Symptom Scale; MS: multiple sclerosis; NO: nitric oxide; PA: Positive Affect; PB: peanut butter; PR: time interval between the beginning of atrial depolarization and the beginning of ventricular
depolarization; PYC: Pycnogenol; QRS: depolarization of the ventricles, consisting of Q, R and S waves; SQ: Shadow Queen; SRP: roasted peanuts in shell; WBB: The wild blueberry drink; y: years.
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3.2. Risk of Bias Assessment

All 19 included studies underwent systematic quality appraisal using the Cochrane Handbook
for Systematic Reviews of Interventions as the guiding framework. Each trial was independently
evaluated across multiple bias domains: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome assessment, completeness of outcome
data, and risk of selective reporting. Most studies were found to have implemented adequate
randomization procedures and maintained low attrition rates, enhancing internal validity. However,
several trials, particularly open-label designs, lacked transparency in allocation concealment and
participant blinding, introducing potential performance bias. In a minority of studies, outcome
assessors were not blinded, raising the risk of detection bias. Despite these limitations, selective
reporting was largely absent, and outcome data were generally reported comprehensively.
Discrepancies in the quality ratings were resolved through consensus among reviewers. Overall, the
collective evidence demonstrated moderate to high methodological quality, providing a solid
foundation for interpreting the clinical relevance of phytocompound-based interventions in MDD.
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Table 2. Risk of Bias Assessment for Included Interventional Studies Evaluating Phytocompounds in Major Depressive Disorder (MDD). This table presents the methodological appraisal of the
19 clinical trials included in the synthesis, based on Cochrane risk of bias domains. Key dimensions assessed include randomization procedures, blinding of participants and personnel, allocation
concealment, attrition rates, baseline demographic comparability, outcome measurement, and intention-to-treat (ITT) analysis. While most studies demonstrated adequate randomization and
outcome reporting, variability was observed in blinding strategies and ITT implementation. This assessment informs the interpretive reliability and translational value of the synthesized findings

on phytocompound efficacy in MDD.

PR TI
STUDY QUESTION APPROPRIATE ALLOCATION DOUBLE- LOSSES DEl\?IgzgiP}(I:Ii OUTCOMES ITT
- 0,
FOCUS RANDOMIZATION BLINDING BLIND (<20%) CHARACTERISTICS
(48] Yes Yes Yes Yes No Yes Yes No
Y Y Y Y Y
[49] es es es es Yes Yes es No
[57] Yes Yes Triple-blinded No Yes Yes Yes Yes
[50] Yes Yes Yes Yes No Yes Yes Yes
[58] Yes Yes Ye No No Yes Yes No
[59] Yes Yes Yes No No Yes Yes No?
[60] Yes Yes No No No Yes Yes No
[51] Yes Yes No No No Yes Yes Yes?
[62] Yes Yes No No Yes Yes Yes No
[61] Yes Yes No No Yes Yes Yes No
[52] Yes Yes Yes Yes Yes Yes Yes Yes
[63] Yes Yes Yes Yes Yes Yes Yes Yes
[54] Yes Yes Yes Yes No Yes Yes Yes
[53] Yes Yes Yes Yes No Yes Yes No
[55] Yes Yes Yes Yes Yes Yes Yes No

[64] Yes Yes Yes Yes No Yes Yes Yes
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[56] Yes Yes Yes Yes Yes Yes Yes No
[10] Yes Yes Yes Yes Yes Yes Yes No
[65] Yes Yes Yes Yes Yes No Yes Yes

ITT: Intention to treat analysis
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3.3. Summary of Findings

The qualitative synthesis of the 19 interventional studies revealed consistent evidence
supporting the therapeutic efficacy of phytocompounds in alleviating depressive symptoms. These
compounds, administered as either monotherapy or adjunctive treatments, demonstrated clinically
meaningful improvements across diverse MDD populations. Notable agents included curcumin,
hypericin (from Hypericum perforatum), saffron extract, rosmarinic acid, and epigallocatechin gallate
(EGCG). Across trials, statistically significant reductions in depression severity were observed using
validated psychometric scales such as the Hamilton depression rating scale (HAM-D), Montgomery—
Asberg Depression Rating Scale (MADRS), and Beck Depression Inventory (BDI). The mechanistic
actions of these compounds frequently involved enhancement of monoaminergic signaling,
suppression of neuroinflammation via cytokine modulation, upregulation of brain-derived
neurotrophic factor (BDNF), and attenuation of oxidative stress. While study heterogeneity in
dosage, treatment duration, and formulation limits direct comparison, the collective findings support
a biologically plausible and clinically relevant role for phytochemicals in MDD. These data justify
further large-scale, placebo-controlled trials to optimize clinical application and assess long-term
safety.

4. Synthesis

The 19 clinical trials synthesized in this review reveal a promising, though heterogeneous, body
of evidence regarding the therapeutic potential of phytocompounds in MDD. These trials examined
a wide range of phytochemicals, including curcumin, quercetin, polyphenols, anthocyanins,
isoflavones, proanthocyanidins, and flavonoid-rich extracts, often administered in monotherapy or
adjunctive formats. Although sample sizes, duration, and design quality varied, most studies used
validated depression scales and biochemical endpoints, supporting a neurobiological rationale for
clinical translation.

In a well-structured randomized controlled trial, Soltani et al. [25] evaluated the impact of
nanocurcumin supplementation in individuals with coronary slow flow phenomenon (CSFP). The
intervention led to improvements in depressive symptoms, physical and psychological health-related
quality of life, and cardiometabolic parameters, with biochemical assays confirming anti-
inflammatory and antioxidant effects [48]. Conversely, the double-blind, placebo-controlled study by
Jalili et al. (2020) examining quercetin failed to find significant antidepressant effects. Moreover, the
intervention group reported notable adverse effects—abdominal discomfort, paresthesia, and
headaches —raising concerns about tolerability in psychiatric populations [49].

Methodological strengths such as stratified randomization and biomarker analysis were evident
in the study by Hajiluian et al. [34], which demonstrated reduced depressive symptoms in
individuals with Multiple Sclerosis following polyphenol-rich interventions. However, its narrow
population limits generalizability to broader MDD cohorts [57]. In a similarly well-structured clinical
trial, Choi et al. [27] examined the effects of flavonoid-enriched orange juice in healthy adults.
Improvements in depressive symptoms were paralleled by increased serum BDNF and reduced
zonulin levels, indicating neuromodulatory and gut-brain axis effects. Despite robust biochemical
correlates, the sample size of 40 reduced statistical power [27].

Maeda-Yamamoto et al. [35] assessed the impact of anthocyanin-rich Solanum tuberosum L. on
stress and mesenchymal stem cell proliferation. Although qualitative outcomes were positive, the
trial was limited by its very small sample (n=15) and short duration (8 weeks), which precluded long-
term conclusions. Similarly, Barfoot et al. [36] conducted a randomized study during the COVID-19
pandemic, which introduced significant confounding related to global psychological stress. While
randomization via software strengthened validity, high dropout rates impaired data reliability.

Parilli-Moser et al. [37] explored the effects of botanical cognitive enhancers on depressive
symptoms. Although standardized cognitive assessments were used, low group sizes and a lack of
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blinding limited interpretive strength, and COVID-19-related disruptions likely impacted outcome
validit. In contrast, the RISTOMED study by Bourdel-Marchasson et al. [38] assessed a dietary
protocol rich in antioxidants and polyphenols. After 2 months, reductions in depressive symptoms
were observed, but these were found to be independent of inflammatory biomarker changes,
suggesting mechanisms beyond systemic inflammation.

Kontogianni et al. [62] investigated high versus low polyphenol diets in the PPhIT trial, noting
improved psychological wellbeing in the high-polyphenol group using standardized lifestyle and
mood assessments. Park, Choi, and Lee [62] similarly conducted a placebo-controlled flavonoid study
using orange juice and observed improvements in depression alongside increased serum serotonin,
BDNEF, and reduced CRP —though the small sample again limits external validity.

Smetanka et al. [62] focused on the potential for Pycnogenol to mitigate selective serotonin
reuptake inhibitor (SSRI)-induced sexual dysfunction in patients taking escitalopram. However, the
open-label design and simultaneous pharmacologic interventions created confounding that weakens
causal inference. In the curcumin trial by Kanchanatawan et al. [40],methodological strengths
included matched placebo capsules and double-blinding, although prior treatments continued
during the trial, potentially masking true curcumin effects.

The study by Esmaily et al. [41] observed only marginal reductions in anxiety and depressive
symptoms in response to saffron extract, with effects limited to a single outcome measure—
suggesting potential underpowering or scale insensitivity. In a postmenopausal population, Terauchi
et al. [33] demonstrated that grape seed proanthocyanidins reduced depressive symptoms in a dose-
dependent manner, using validated questionnaires. However, the short duration (8 weeks) and
modest sample size limit generalizability.

Equol and resveratrol were evaluated in a longitudinal 12-week study on menopausal women
aged 50-55, where supplementation improved mood as assessed by the HAM-D [54]. Hirose et al.
[55] explored low-dose isoflavone aglycone for postmenopausal symptoms, including depression
and anxiety, using HADS and AIS. Despite positive outcomes, lack of adverse event documentation
and small sample size limit clinical confidence.

Cognitive-affective benefits of blueberry-derived flavonoids were tested in a crossover design
by Khalid et al. [55], involving both children and young adults. Stratified analysis revealed reductions
in depressogenic cognitive patterns two hours post-consumption, supporting the acute
neuromodulatory potential of these compounds.

Lastly, Sathyapalan et al. [55] evaluated chocolate rich in cocoa liquor and polyphenols versus
low-polyphenol control chocolate in patients with chronic fatigue syndrome. Participants in the high-
cocoa group reported improvements in depressive and fatigue symptoms, supporting flavonoid
efficacy in neuropsychological syndromes. Pase et al. [10] reported mood-enhancing effects of cocoa
polyphenols but no cognitive improvements after 30 days of supplementation.

Overall, the 19 studies reviewed underscore the emerging promise of phytocompounds as
adjunctive or standalone interventions for MDD. While most trials reported clinically meaningful
reductions in depressive symptoms, variability in methodological rigor, sample size, and treatment
duration limited the generalizability of these findings. Notably, studies incorporating double-blind,
placebo-controlled designs and objective biomarkers (e.g., inflammatory mediators, neurotrophic
factors) provided stronger evidence for neuromodulatory and neuroprotective mechanisms.
Nevertheless, several investigations reported inconclusive or modest effects, indicating the necessity
of improved trial designs and larger, more diverse samples. Given the heterogeneous nature of
depression, a multi-targeted approach—such as that offered by phytochemicals—holds particular
relevance. Future research efforts should focus on optimizing dosage regimens, exploring synergistic
effects with standard antidepressants, and elucidating long-term safety profiles to solidify
phytocompounds’ place in evidence-based psychiatric care.
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5. Discussion

The findings of this systematic review illuminate the multifaceted nature of MDD and the
potential utility of phytocompounds in its management. Recent evidence reveals that MDD involves
not only monoaminergic dysregulation but also neuroinflammatory processes, oxidative stress, and
mitochondrial dysfunction, implicating diverse pathophysiological pathways [66]. By evaluating
interventional studies centered on phytochemicals—including polyphenols, flavonoids, and
alkaloids —this review highlights their potential neuroprotective, anti-inflammatory, and antioxidant
properties [21]. These effects align with emerging translational research suggesting that multi-
targeted strategies may offer enhanced therapeutic outcomes in complex mood disorders [67,68].
Nevertheless, the heterogeneity of study designs, phytocompound formulations, and patient
populations underscores the need for more robust trials with standardized protocols [69-71]. This
discussion aims to synthesize the mechanistic underpinnings and clinical implications of
phytocompound use in MDD, situating these findings within broader neuropsychiatric research and
outlining key directions for future investigation.

Neuroinflammation, driven by heightened immune responses in the CNS, is intricately linked
to depression through elevated production of pro-inflammatory cytokines and activation of microglia
in key brain regions such as the prefrontal cortex, anterior cingulate cortex, and insula [72-77].
Approximately 30% of individuals with MDD exhibit marked CNS inflammation, correlating with
more severe and treatment-resistant symptoms [78,79]. Inflammation has been identified as a central
factor in MDD pathogenesis, with mechanisms involving elevated levels of the nucleotide-binding
oligomerization domain, leucine rich repeat and pyrin domain containing (NLRP) 3 inflammasome,
which stimulates pro-inflammatory cytokines (interleukin (IL)-1(3, IL-18) implicated in depressive
symptoms [80-82]. These inflammatory cascades appear in chronic infections, neurodegenerative
disorders (e.g., multiple sclerosis), and perinatal depression, further underscoring their pervasive
role [68,83-88]. Research indicates that both immune dysregulation and metabolic disturbances—
encompassing neuroendocrine dysfunction, dysbiosis, and mitochondrial abnormalities—can
exacerbate depression [89-92]. Notably, phytochemical interventions, including polyphenols, may
confer neuroprotective effects by suppressing pro-inflammatory mediators and neuronal apoptosis,
thus offering a compelling adjunctive avenue for managing MDD [83,84].

Oxidative stress arises when reactive oxygen species (ROS) and other free radicals overwhelm
the body’s antioxidant defenses, causing cellular damage through protein, lipid, and nucleic acid
injury [93,94]. In depressed individuals, lower concentrations of antioxidants such as zinc, vitamin E,
and coenzyme Q10 compound this vulnerability, promoting neurodegeneration and aggravating
pathophysiological processes in MDD [95,96]. Tryptophan metabolism contributes further to
oxidative stress, as its depletion can intensify free-radical formation and neurotoxic metabolite
production, correlating with depressive severity [18,97,98]. Mitochondrial dysfunction—including
altered morphology and impaired energy balance—amplifies ROS generation, triggering
neuroinflammation and cognitive deficits [99-102], while an accumulation of damaged mitochondria
fuels neuronal injury [103,104]. Obesity-related inflammation also exacerbates oxidative stress by
producing adipokines (IL-6, IL-1, tumor necrosis factor-alpha) and disrupting insulin regulation,
potentially leading to type 2 diabetes and depression [105-107]. Lifestyle factors, such as high-fat diets
and sedentary behavior, can aggravate ROS production via mitochondrial 3-oxidation and nuclear
factor kappa B (NF-kB) pathways, underscoring the importance of dietary antioxidants and physical
exercise in mitigating MDD risk [108-112].

Mitochondria serve not only as cellular powerhouses but also as central regulators of
neuroinflammatory processes, rendering them critical to both the onset and progression of MDD [92].
In MDD, mitochondrial abnormalities—such as structural damage, deoxyribonucleic acid (DNA)
disruptions, and respiratory chain dysfunction—elevate ROS production, disrupting
neurotransmitter balance and worsening depressive symptoms [100,113-115]. While psychosocial
factors contribute to MDD, biochemical markers like methylmalonic acid (MMA) further implicate
mitochondrial dysfunction [116]. Elevated MMA interferes with succinate dehydrogenase, enhancing
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ROS formation and neuronal injury, compounded by deficiencies in vitamin B12 and folate [117-120].
Recent studies highlight potential therapeutic avenues, including mitochondrial transplantation—
replacing damaged mitochondria or introducing mtDNA and related proteins—to restore function.
Additionally, inhibiting the renin-angiotensin system via angiotensin receptor blockers may
attenuate neuroinflammation and oxidative stress, mitigating depressive pathology [121,122].
Ultimately, targeting mitochondrial health through phytochemicals and other multimodal strategies
could significantly advance MDD management by reducing oxidative damage and bolstering
neuronal resilience [99].

Food intake is a continuous part of daily life, yet psychological factors can significantly shape
dietary patterns, thereby influencing obesity risk and depressive symptoms [123-125]. Evidence
suggests that inadequate consumption of essential nutrients —such as vitamin B12, zinc, magnesium,
folic acid, and vitamin B6—heightens susceptibility to MDD [14]. Unhealthy dietary choices, often
dominated by high-fat convenience foods, correlate with lower intakes of fruits, vegetables, lean
proteins, and whole grains, ultimately fostering systemic inflammation and oxidative stress that
exacerbate depressive pathology [126-128]. Obesity is likewise implicated, as elevated adiposity
undermines mental health by increasing pro-inflammatory markers and metabolic dysregulation
[85,86]. Beyond poor nutritional profiles, behaviors such as smoking, sedentarism, and insufficient
sleep are commonly observed among individuals with severe depression, compounding their
vulnerability [129,130]. Conversely, emerging research indicates that adopting healthier diets,
coupled with lifestyle modifications like regular physical activity and stress management, may
mitigate both depressive symptomatology and comorbid metabolic disorders, thereby improving
overall wellbeing [125,131,132].

Pharmacological and non-pharmacological therapies for MDD are increasingly delivered
through multidisciplinary care teams, involving psychiatrists, psychologists, and other specialists
[133,134]. Among pharmacological options, SSRIs frequently serve as first-line agents, whereas TCAs,
serotonin—norepinephrine reuptake inhibitors (SNRIs), and other drug classes—such as monoamine
oxidase inhibitors (MAOIs) and N-methyl-D-aspartate (NMDA) antagonists—offer alternative
pathways [9,135-137]. Despite established efficacy, these medications can elicit adverse effects,
including gastrointestinal disturbances (nausea, dyspepsia), hepatic toxicity, sleep disruptions driven
by 5-HT2 receptor activation, and cardiovascular changes such as QTc prolongation or orthostatic
hypotension [138-142]. Furthermore, hyponatremia poses an additional concern, particularly in older
adults and those on diuretics [143,144]. Such limitations of standard antidepressants have prompted
research into safer, more tolerable interventions. In this context, herbal medicines are emerging as
promising adjunctive or complementary treatments, potentially minimizing side effects and
improving patient adherence, thus contributing to a more holistic approach to MDD management
[145-147].

Phytochemicals, naturally derived from plants, have gained considerable attention for their
capacity to modulate neurobiological pathways implicated in MDD [36,148]. Among these,
polyphenols, notable for crossing the blood-brain barrier, display neuroprotective, antioxidant, and
anti-inflammatory properties, attenuating cytokine activity and neuronal apoptosis [84,149]. Within
this class, flavonoids such as luteolin effectively neutralize free radicals and mitigate inflammation
[149-151], whereas carotenoids also confer antidepressant benefits via similar mechanisms [152-155].
These actions align with evidence that upregulating BDNF can enhance synaptic resilience, as
demonstrated by curcumin and resveratrol, which bolster BDNF in animal models [156-158].
Additional phytochemicals found in Panax ginseng, Mitragyna speciosa, Astragalus membraneceus, and
Acorus genus plants similarly reduce depressive behaviors through anti-inflammatory and
antioxidant pathways [31,33,159-161]. Although these interventions present fewer side effects than
conventional antidepressants, further research is essential to optimize dosage, elucidate mechanisms,
and confirm safety profiles [162,163]. The emerging evidence underscores the value of phytotherapies
as promising, integrative approaches to addressing MDD’s multifactorial etiology [164]. Collectively,
these findings reinforce the importance of clinical exploration of phytotherapeutics for the
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management of mood disorders [165]. Figure 3 shows some phytochemicals and their effects in brain
metabolism and function.
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Figure 3. Phytochemicals and the role in brain health and reduction of depression. HPA: hypothalamic-pituitary-
adrenal; BDNF: Brain-derived neurotrophic factor. a: hypericin; b: coumarin; c: eucalyptol; d: resveratrol; e:

curcumin; f: gallic acid; g: epicathechin.

This review aims to situate the current findings within the broader context of psychiatric
research, specifically addressing the study’s primary objective of assessing how phytocompounds
might influence MDD outcomes. By evaluating multiple clinical trials of phytochemicals (e.g.,
curcumin, flavonoids, anthocyanins), our review highlights evidence of neuromodulatory, anti-
inflammatory, and antioxidant benefits that align with the multifactorial pathophysiology of MDD.
These observations not only build upon prior studies suggesting phytocompounds’ capacity to target
oxidative stress and neuroinflammation but also offer novel insights into their potential for
synergistic use alongside standard antidepressants [166]. The theoretical implications of these
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findings underscore the importance of broad-spectrum therapeutic strategies for MDD, challenging
the traditional monoamine-centric paradigm and prompting a more integrative view of depression
biology [167]. Practically, adopting phytocompounds could address current treatment limitations—
such as adverse effects and partial response rates—while enhancing patient adherence due to their
favorable safety profiles [168]. Nonetheless, key challenges remain, including the heterogeneity of
formulations, variable methodologies, and small sample sizes [169]. Robust, large-scale, randomized
controlled trials featuring standardized phytochemical preparations and validated biomarkers
would strengthen evidence quality [170]. Finally, this data have significant clinical relevance, as safer,
more accessible adjunctive treatments could broaden therapeutic options, reduce polypharmacy, and
ultimately improve functional outcomes for individuals with MDD.

6. Conclusions

This systematic review highlights the promising yet heterogeneous landscape of
phytocompounds in managing MDD. By synthesizing 19 interventional studies involving a variety
of phytochemicals—such as curcumin, flavonoids, and anthocyanins—this review underscores their
potential neuroprotective, anti-inflammatory, and antioxidant roles, which appear crucial given the
multifactorial pathophysiology of MDD. Notably, the ability of these compounds to target
inflammation, oxidative stress, and mitochondrial dysfunction expands on the traditional
monoamine-focused paradigm, offering a broader therapeutic scope. While several trials reported
significant symptom improvement and few adverse events, methodological limitations — particularly
small sample sizes, varying treatment regimens, and inconsistent outcome measures—restrain
definitive conclusions. Future studies should prioritize standardized compound formulations, larger
cohorts, and robust mechanistic endpoints to bolster evidence on long-term safety and synergistic
efficacy with conventional antidepressants. Overall, these findings illuminate the value of
phytocompounds as integrative adjuvants for MDD, bridging novel mechanistic insights with
tangible clinical applications, and emphasizing the need for continued exploration and innovation in
this evolving research domain.
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