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Abstract: Background: Mental disorders in terms of depression, anxiety, and stress are one of the
major causes of burden globally. Over the last two decades, the use of plant-based substances in the
treatment of mental disorders in combination or not with medication has increasingly attracted the in-
terest of the scientific research community. However, even if there is a plethora of naturally occurring
bioactive compounds, most of them have low bioavailability, rendering them unable to insert into the
bloodstream to exert their biological activities. Methods: This is a comprehensive narrative review
that critically summarizes and scrutinizes the new approaches to the treatment of mental disorders
using curcumin, also highlighting its bioavailability properties. The most accurate were searched
using effective and relevant keywords. Results: This narrative review reveals substantial evidence
that curcumin can exert significant effects on several mental disorders. However, despite the low cost,
the extensive and confirmed potency of curcumin and its involvement in signaling pathways and the
scientifically confirmed data regarding its molecular mechanisms of action against mental disorders,
this naturally occurring compound presents low oral bioavailability. Pharmaceutical technology
has provided solutions to increase the bioavailability of curcumin. Combination with piperine,
galactomannosides, liposomal formulation or nanoformulation overcomes the bioavailability and sol-
ubility disadvantages. Conclusions: Although curcumin demonstrates anti-anxiety, anti-depressive
and anti-stress properties, studies on humans are limited and heterogeneous. Further research is
highly recommended to determine the most functional formula, dose, duration, and possible side
effects of curcumin on mental disorders in humans. Based on the current knowledge, the curcumin
nanoformulation and Theracurmin, a form of colloidal submicroscopic particles, seem to be the most
effective bioavailable formulations, which may be examined in future clinical human studies.

Keywords: curcumin; mental disorders; depression; anxiety; stress; bioavailability; nanoformulation;
mood disorders; solubility; piperine

1. Introduction

Mental disorders are one of the main causes of burden worldwide. The global num-
ber of disability-adjusted life-years (DALYs) because of mental disorders increased from
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80.8 million (95% uncertainty interval (UI) 59.5–105.9) to 125.3 million (93.0–163.2), and
the proportion of disability-adjusted life-years in the world assigned to mental disorders
raised from 3.1% to 4.9% [1]. Over the last two decades, the use of plant-based substances
in the treatment of mental disorders in combination or not with medication has attracted
the interest of international scientific research. Curcumin is a non-flavonoid polyphenolic
compound derived from the root of the plant Curcuma longa (turmeric), which is commonly
used in Indian and Chinese folk medicine for the treatment of rheumatism, inflamma-
tion, asthma, cancer, and wounds [2]. Curcumin’s pharmacological properties include
interactions with several intracellular signaling pathways and also control mood profiles.
Additionally, curcumin can exert antioxidant, neurotrophic and anti-inflammatory actions,
regulating health issues related to neurodegeneration [3].

The potential targets of curcumin are based on data from a few studies on mental dis-
orders in humans and mainly include some proteins implicated in the pathophysiology of
depression, anxiety, stress (social, occupational and especially post-traumatic stress), bipolar
disorder and schizophrenia. These targets have focused on transcription factors triggered
by stressors and protein kinases (e.g., PKC, PKA), pro-inflammatory cytokines, growth fac-
tors, enzymes, inflammatory mediators and anti-apoptotic proteins [4]. Notably, curcumin
has been found to regulate neurotransmitters in the brain, especially serotonin, dopamine,
and norepinephrine, exerting a critical impact on mood regulation by increasing their
levels and enhancing its antidepressant effect [5]. It also exhibits potent anti-inflammatory
properties, taking part in various inflammatory pathways, including cytokine modulation
and reduction in inflammatory markers [6,7]. By reducing neuro-inflammation, curcumin
may alleviate depressive symptoms. Moreover, chronic inflammation has been linked to
psychological distress not only concerning anxiety and depression but also neurosis such
as schizophrenia [8].

By promoting neurogenesis—the growth of new neurons—and enhancing neuroplas-
ticity in animal models, curcumin can potentially reverse the neuronal damage associated
with depression, enhancing the brain’s ability to adapt to stress and other environmental
factors [9]. It should be noted that oxidative stress plays a role in the pathophysiology of
depression, anxiety, bipolar disorder and schizophrenia. In this aspect, curcumin acts as
an antioxidant by scavenging free radicals, inhibiting the production of reactive oxygen
species (ROS), and reducing oxidative stress, thus protecting brain cells from damage
and contributing to its neuroprotective effects [10]. The hypothalamic–pituitary–adrenal
(HPA) axis is involved in the body’s response to stress. Dysregulation of this system is
associated with depression. In this context, curcumin has been shown to regulate the HPA
axis, potentially reducing the impact of stress on the body and brain [10] by modulating
cortisol levels and promoting a potential effect on stress response [11].

In addition, curcumin interacts with several signaling pathways involved in mood
regulation, such as the cyclic adenosine monophosphate (cAMP), response element-binding
protein (CREB) pathway and the brain-derived neurotrophic factor (BDNF) pathway [12].
These interactions may contribute to its antidepressant effects by regulating the expression
of genes related to mental and neuronal health [9]. Emerging research has shown that gut
microbiota plays a crucial role in mental health. Notably, curcumin may positively affect
the gut–brain axis by modulating gut microbiota, which may influence brain function and
potentially alleviate depressive symptoms [13].

Although curcumin has several promising beneficial effects on the treatment of mental
disorders, the international literature has focused on its low bioavailability and adsorption
when given orally in humans [14]. The low oral bioavailability of curcumin may be due to
its low intestinal absorption, high metabolic rate and rapid elimination because most of
the substance is eliminated from the human body without being metabolized [15]. In the
last few years, the increasing progress in pharmaceutical biotechnology has highlighted
the efficiency of curcumin’s chemical formulation to face bioavailability and absorption
problems in order to manage chronic diseases more effectively [16].
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As far as we know, the scientific field on curcumin’s effect on mental disorders in
humans is rather scarce as most of the studies have been conducted in animals. In this
aspect, the aim of our review was to critically summarize and scrutinize the effectiveness of
curcumin supplementation on mental disorders in humans including depression, bipolar
disorder, anxiety, stress, overcoming absorption and bioavailability disadvantages.

2. Materials and Methods

Comprehensive research was conducted on PubMed, Embase, Scopus, Cochrane Li-
brary (Clinical Trials) and Web of Science in terms of “curcumin and mental disorders”,
“curcumin and anxiety”, “curcumin and stress disorder”, “curcumin and depression or/and
major depression disorder or/and bipolar disorders” in humans or individuals and “cur-
cumin bioavailability and/or metabolism and/or chemical properties”. Exclusion criteria
were studies published over the last decade, studies including animals, not written in the
English language, reviews, systematic reviews and grey literature. The retrieved studies
were also carefully checked for related studies quoted in their text. Articles on curcumin
were not included if they did not meet the main theoretical content of our study.

All authors acted as reviewers. Thus, in order to increase consistency, all authors,
working in pairs, reviewed all retrieved publications, discussed their findings and adjusted
the data extraction manually before starting the screening for this review. They alternately
assessed the titles, abstracts and then the full texts of all publications retrieved from their
searches for potentially relevant publications with good methodology and credible study
design. A data charting form was developed jointly by two reviewers (M.S. and C.G.), who
independently recorded the data and discussed the findings and the charting format in an
iterative process. In Figure 1, a flow chart diagram is presented illustrating the selection
of studies.
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3. Curcumin’s Chemical Properties

Curcumin is a natural non-flavonoid polyphenolic compound found in the rhizomes
of turmeric. It is known for its bright yellow color and has a wide range of chemical
properties that contribute to its biological activities [17]. Curcumin has a chemical formula
of C21H20O6 and consists of two aromatic (phenolic) rings linked by a chain of seven
carbon atoms. Its polyphenolic structure, characterized by phenolic rings and functional
groups, contributes to its antioxidant properties [17]. More to the point, curcumin contains
two phenolic hydroxyl (-OH) groups attached to the phenyl rings. These hydroxyl groups
contribute to its antioxidant activity by scavenging free radicals and combating oxidative
stress [18]. Two methoxy (-OCH3) groups are also present in its phenyl rings. These
groups contribute to curcumin’s stability and lipophilic nature, affecting its solubility and
bioavailability [8].

Furthermore, curcumin belongs to the class of compounds known as curcuminoids.
Its hydrophobic and pH-dependent nature is responsible for its limited bioavailability
when taken orally. However, it is soluble in organic solvents such as ethanol and dimethyl
sulfoxide (DMSO). Alkaline conditions promote its solubility, affecting its absorption and
stability [19]. Curcumin also exists in multiple forms or isomers, with the most common
being curcumin, dimethoxy–curcumin and bis–dimethoxy–curcumin. These isomers have
slightly different chemical properties and biological activities and coexist in turmeric
extracts [20]. While curcumin is the most researched and commonly known isomer, both
dimethoxy–curcumin and bis–dimethoxy–curcumin also contribute to the overall biological
effects of turmeric and its derived products [21]. The presence of these isomers may
influence the overall health benefits and bioactivities attributed to turmeric or curcumin
supplements. Curcumin can also be met in two tautomeric forms: β-diketone and β-keto-
Enol, which is more stable and more antioxidant active than β-diketone, as it has three
chelating metal areas, promoting scavenging free radicals [22,23].

Curcumin’s ability to be absorbed and utilized by the body is a critical factor in deter-
mining its effectiveness as a therapeutic agent. It is poorly absorbed in the gastrointestinal
tract, leading to low systemic bioavailability [24]. It undergoes rapid metabolism and elimi-
nation, limiting its concentration in the bloodstream. Once absorbed, curcumin undergoes
extensive metabolism in the liver and intestinal wall, leading to the formation of various
metabolites, many of which are conjugated and quickly excreted from the body [8]. Cur-
cumin undergoes phase II metabolism, primarily glucuronidation and sulfation, leading to
the formation of curcumin–glucuronide and curcumin sulfate, among other metabolites.
These metabolites are more water soluble and easily excreted by the kidneys [25]. The rapid
metabolism and elimination of curcumin contribute to its short half-life in the bloodstream,
limiting at a significant level its systemic exposure and bioavailability [25,26].

In view of the above considerations, enhancing curcumin’s bioavailability in humans
is crucial to optimize its therapeutic efficacy. In Figure 2, the potential forms of curcumin
with improved oral bioavailability are depicted. Several strategies and approaches have
been explored to improve curcumin’s absorption and bioavailability. Co-administration of
curcumin with piperine, a compound found in black pepper, has been shown to enhance
curcumin’s bioavailability. In fact, piperine can inhibit certain enzymes responsible for cur-
cumin metabolism, thereby increasing its concentration in the bloodstream [27]. Moreover,
combining curcumin with fats, oils or lecithin can improve its solubility and absorption,
enhancing its bioavailability. Notably, lipid-based formulations protect curcumin from
degradation in the gastrointestinal tract, improving its absorption [28].

Complexing curcumin with cyclodextrins may also enhance its water solubility and
stability, thereby improving its bioavailability. Substantial evidence has shown that γ-
cyclodextrin-complexed curcumin formulations increase absorption and systemic exposure,
contributing to higher bioavailability. Particularly, γ-cyclodextrin enhances the oral and
metabolic bioavailability of curcumin and tetrahydro–curcumin, respectively. This is most
likely ascribed to the improved uptake of cyclodextrin-conjugated curcumin, which has
been confirmed by in vitro studies, its metabolic turnover and the prolonged half-life of
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tetrahydro–curcumin in plasma [29]. Micellar formulations can also provide solubility and
absorption in the gastrointestinal tract, improving curcumin’s bioavailability and systemic
exposure [30]. Nanotechnology-based formulations utilize nanoparticles to encapsulate cur-
cumin, improving its stability and bioavailability. Nano-sized curcumin particles increase
water solubility, protect against degradation and enhance absorption in the gastrointestinal
tract, leading to improved systemic exposure [25].
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4. Results
4.1. Depression

Depression is a complex and multifaceted mental health disorder that affects millions of
people worldwide. It is characterized by persistent feelings of sadness, hopelessness and a loss
of interest or pleasure in activities. The pathophysiological mechanisms governing depression
disease are not fully understood yet, but it is believed to involve a combination of genetic,
neurobiological, psychological and environmental factors [31,32]. Studies on brain Magnetic
Resonance Imaging (MRI) and Computed Tomography (CT) have identified structural and
functional differences in the brains of individuals suffering from depression. The hippocampus,
which is crucial for mood regulation, often shows reduced volume in depressed individuals. The
prefrontal cortex, which plays a critical role in decision making and emotional regulation, is also
implicated [33]. Moreover, there is emerging evidence suggesting a link between inflammation
and depression. In this aspect, chronic inflammation may affect the brain, leading to the
development of depressive symptoms [34]. This has led to the expansion of the “cytokine
hypothesis” and of acute proteins of depression. Interestingly, depressed patients have elevated
levels of interleukine-6 (IL-6) and c-reactive protein (CRP), in serum, while IL-10 has negatively
been correlated with depressive symptoms and disease progression [35].

Stress hormones such as cortisol also play a crucial role in mood regulation. In individ-
uals with depression, the HPA axis seems to be dysregulated, leading to abnormal cortisol
levels and stress responses [36]. Chronic inflammation and immune system dysfunction
have also been associated with depression. It is assumed that inflammation may alter brain
function and neurotransmitter systems, contributing to the development of depressive
symptoms of diverse severity [34]. On the other hand, the pathophysiology of major de-
pression involves intricate molecular mechanisms within the central nervous system (CNS)
and peripheral systems [37].
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Although the exact mechanisms are still a subject of ongoing research, several key
molecular factors have currently been identified. The serotonin hypothesis posits that
alterations in serotonin (5-HT) neurotransmission exert a critical impact on depression.
Reduced serotonin levels are frequently observed in individuals with major depression.
Antidepressant medications, particularly selective serotonin reuptake inhibitors (SSRIs),
act by increasing serotonin availability within the synaptic cleft [38]. In addition, dysreg-
ulation of both norepinephrine and dopamine pathways in the brain also contributes to
the development of depressive symptoms. Moreover, norepinephrine is associated with
arousal and attention, while dopamine is linked to motivation and reward. Both these
systems are targeted by various antidepressant medications [39].

A gradually increasing body of literature implicates neutrophins, a family of proteins
that induce the survival, development and function of neurons, glutamate, aspartate
receptors, cytokines and the immune system in neuroplasticity and synaptic function in
major depression. BDNF is a neurotrophin that plays a crucial role in synaptic plasticity
and neurogenesis. Reduced BDNF levels are associated with major depression [40]. This
reduction may impair the brain’s ability to adapt and form new neural connections, which
is essential for mood regulation [37]. Dysregulation of the glutamate system, particularly
the glutamate and N-methyl-D-aspartate receptors, has also been implicated in depression.
Excessive glutamate signaling and decreased neuroplasticity seem to contribute to the
pathophysiology of the disease [41]. Glutamate is the major stimulating neurotransmitter
in the brain, exerting an important effect in nearly all the core functions involved in
depressive conditions. Postmortem investigations have highlighted data connecting glial
cell aberrations, whose function is the synaptic removal of glutamate, and the background
pathophysiology of mental disorders. Reduced glutamine/glutamate levels have also been
detected in the cortex of depressed patients [42]. In addition, chronic stress and the HPA
axis are strongly associated with depression. This can lead to increased levels of cortisol
and alterations in the body’s stress response system [43].

4.2. Curcumin and Depression

Curcumin exhibits mechanisms in treating depression and anxiety by utilizing its anti-
inflammatory, antioxidant and neuroprotective properties. It influences several molecular
pathways involved in mood regulation and neuroplasticity, protecting the brain from oxidative
stress and inflammation, which are often associated with these mental health conditions [44].
In Figure 3, the potential molecular targets of curcumin to improve mental disorders symptoms
and severity are illustrated. Moreover, in Table 1, the currently available clinical studies
evaluating the potential effects of curcumin against mental disorders are summarized.
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Table 1. Clinical studies in mental disorders and curcumin effectiveness.

Study Type,
Participants (N)

Type of Mental Disorder and
Screening Tools Supplementation Main Results Ref.

Cross-sectional study,
68 office workers, 2 groups

(OG and CG)

Mild depression. At Day 0, Day
30 and Day 60, all subjects were
compared in terms of vitamin D,

BDNF, IL-6 and PHQ-9.

Curcumin caps: 1000 mg × 2 in
the OG. Mindfulness meditation

sunlight exposure in both
groups, 8 weeks observation.

Vitamin D in Day 0, 30 and Day
30, 60 intervals were significantly

higher in OG than in CG. IL-6
serum levels decreased on Day

30 in OG than in CG. Depression
scores were lower in OG than in

CG at Day 30 and Day 60.

[45]

Randomized,
double-blind,

placebo-controlled study,
108 male adults

Major Depressive Disorder, The
Chinese version of 17-item

HDRS, MADRS

1000 mg × 2 curcumin (capsules)
or placebo soybean powder

daily for 6 weeks on the basis of
their current antidepressant

medications.

Significant antidepressant
behavioral response in
depressed patients. ↓

Inflammatory cytokines
interleukin 1β and tumor
necrosis factor α level and

salivary cortisol concentrations.
↑ Plasma BDNF levels. Reports
of mild nausea in the curcumin

and escitalopram group.

[46]

Randomized,
double-blind,

placebo-controlled, 2 × 2
factorial design, 152
overweight or obese

non-depressed adults
(50–80 years) trial

Mental health and Well-Being,
POMS questionnaire

Curcumin (160 mg/day), fish oil
(2000 mg docosahexaenoic

acid + 400 mg eicosapentaenoic
acid/day), or a combination of

both for 16 weeks.

↓ SMCs (compared to no
curcumin treatment). Combining

curcumin with fish oil did not
result in additive effects.

[47]

Randomized,
double-blind,

placebo-controlled trial,
60 healthy older adults

(60–85 years)

Mood disorders: psychological
stress, fatigue, Trait scale of the

STAI, BDI-II, Depression,
Anxiety and Stress Scales.

Chalder Fatigue Scale

A solid lipid curcumin
formulation (400 mg as

Longvida®) was administrated
orally (1 h and 3 h after a single

dose), chronic (4 weeks) and
acute-on-chronic (1 h and 3 h

after single dose following
chronic treatment.

Significant improvements in
fatigue, anxiety and stress

compared to control group were
observed. No side effects.
Hepatocellular safety was
retained. LDL levels were

reduced.

[48]

RCT, double-blind,
cross-over trial, 30 obese

patients
Anxiety and depression, BDI-II

Curcumin (1 g/day) or placebo
for a period of 30 days.

Following a wash-out interval of
2 weeks, each subject was

crossed over to the alternative
regimen for a further 30 days.

↓ Anxiety symptoms. No
significant impact on BDI-II

scores.
[49]

Randomized,
double-blind,

placebo-controlled trial,
56 adults (18–65 y)

diagnosed with major
depressive disorder

Major depression, IDS-SR30,
STAI, various urinary and

plasma biomarkers.

2 × 500 mg/day curcumin
extract or placebo for 8 weeks.

↑ Urinary thromboxane B2 and
substance P. ↓ IDS-SR30 score. [50]

Randomized double-blind
placebo-controlled study,

65 patients (18–63 y)

Major depression, MADRS
(1979) and HAM-A

Curcumin (increasing dose from
500 to 1500 mg/day) or placebo

for 12 weeks.

Improved MADRS scores.
The effects were more

pronounced in males compared
to females. No statistically

significant treatment-emerging
adverse effects and no

significant effects of curcumin on
blood chemistry and ECG
measurements. Significant

antidepressant effects in
participants with MDD.

Curcumin administration was
safe and well tolerated even

when combined with
antidepressants.

[51]

Randomized,
double-blind,

placebo-controlled trial,
123 adults with

depression, mean age
43 years, 14 males and

109 females

Major depression, IDS-SR30,
STAI

2 × 250 mg/day curcumin
extract or 2 × 500 mg/day

curcumin extract or
2 × 250 mg/day curcumin

extract +15 mg safran extract or
placebo for 12 weeks.

Curcumin treatment group
associated with significantly
greater decrease in IDS-SR30,

STAI-state and STAI-trait scores.
No differences in efficacy

between the active treatment
groups. Adverse effects:

diarrhea and loose bowels in the
high-dose (2 × 500 mg/day)

curcumin group.

[52]
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Table 1. Cont.

Study Type,
Participants (N)

Type of Mental Disorder and
Screening Tools Supplementation Main Results Ref.

Randomized double-blind
clinical trial, 55 adults

with BD

Bipolar disorder in the mania
phase, YMRS, MMSE, CGI

40 mg nano-curcumin
(Sinacurcumin) daily, combined
with valproic acid medication
(600 mg/day + 20 mg/kg) for

4 weeks.

No significant differences
between groups. [53]

Randomized, single-blind
trial, 60 adults with MDD

Major depressive disorder,
HDRS, CGI

Fluoxetine (20 mg) taken in the
morning, or 2 × 500 mg/day

curcumin extract or fluoxetine
(2 × 20 mg/day) taken in the
morning + 2 × 500 mg/day

curcumin extract for 6 weeks.

No significance in group
differences. Increased frequency
of gastritis in the fluoxetine and
curcumin group was observed.

[5]

Randomized double-blind
control trial, 40 adults

20–40 years old
Depression, CGI-Severity Scale,

HDRS, MADRS

500 mg curcumin + 120 mg of
ellagic acid (70% concentrate)
extracted from pomegranate’s
peel, and 50 mg of piperine or

placebo together with
antidepressants (escitalopram or

venlafaxine) 5 weeks

No adverse effects.
No significant differences

between the groups.
Patients in the curcumin group

tended to have more rapid relief
of depressive symptoms when

compared to those in the
placebo group.

[54]

Clinical trial, 111 adults
with MDD at the age of

18–65 y
Major depressive disorder,

HADS, BDI–II

1000 mg/day curcumin extract
(C3 Complex) + 10 mg piperine

or placebo on standard
antidepressant treatment for

6 weeks

↓ HADS anxiety and depression
subscale scores and BDI–II

affective, somatic and cognitive
subscale scores

[55]

Randomized,
double-blind,

placebo-controlled trial,
70 women with

premenstrual syndrome

PMS mental symptoms,
PMS symptom self-report

questionnaire, serum BDNF
measurement.

100 mg × 2 /day curcumin or
placebo for 3 consecutive

menstrual cycles. Each cycle
lasted for 10 days.

Curcumin group showed
improvement in mood, physical
and behavioral PMS symptoms.
↑ Serum BDNF after 3 months of
treatment. No side effects were

reported.

[56]

Randomized,
double-blind,

placebo-controlled trial,
80 adults with type

2 diabetes

Depression and anxiety,
DASS-21

80 mg/day nano-curcumin
capsules or placebo for 8 weeks.

↓ DASS-21 depression and
anxiety score. No reduction in

the stress score.
[57]

Single-arm
trial, 36 young female

with a body mass
index ≥ 23 kg/m2

Mental health, DASS-21 2 g of turmeric in capsules/day
for 90 days.

↓ DASS-21 anxiety score.
↓ Depression or stress scores.

No adverse effects were
reported.

[58]

Randomized,
double-blind,

placebo-controlled trial,
79 adults with

self-reported digestive
complaints (18–65 y)

Depression, anxiety and
Stress, DASS-21, SF-36

2 × 500 mg/day curcumin
extract or placebo for 8 weeks.

↓ DASS-21 anxiety score and
GSRS score. No other

between-group differences in
other DASS-21 or SF-36 subscale
scores. No adverse effects were

reported.

[59]

Placebo-controlled trial
(randomization details not

included), 30 adults
(5 males and 25 females)

with pulmonary
hypertension (18–78 y)

Anxiety and depression, SAS,
SDS

60 mg/day of
curcumin + conventional

antidepressant treatment with
the curcumin dose, gradually
increasing to 120 mg/day or
conventional antidepressant

treatment for 3 months.

SAS and SDS scores were
significantly lower in the

curcumin group compared to
control one. No adverse effects

were reported.

[60]

Randomized control
cross-over trial, 20 men
37–65 years old without
current post-traumatic
stress disorder or major

depression

Gulf War Illness,
HADS for screening depression
and anxiety severity, Qualtrics

Research Suite Offline
Application (Qualtrics, Provo,
UT, USA) and a Visual Analog
Scale for measuring symptoms
(pain, fatigue, gastrointestinal
distress, cognitive dysfunction,
depressed mood, dermatologic

complaints and respiratory
problems)

Pure Encapsulation’s Curcuma
<<Meriva>> turmeric

phytosome 100 mg/day (low
dose and 4000 mg/day (high

dose).
Pure Encapsulation’s Boswellia

product: 400 mg/day and
800 mg/day. Pure

Encapsulation’s Pycnogenol
(pine bark extract): 200 mg/day

and 400 mg/day, Duration
1 month (30 ± 3 days) of placebo,

1 month (30 ± 3 days) of
lower-dose botanical, and
1 month (30 ± 3 days) of

higher-dose of each botanical.

Curcumin reduced GWI
symptom severity significantly
more than placebo at both the

lower and higher dose. Maritime
pine was more effective than
placebo at the higher dose.

[61]
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Table 1. Cont.

Study Type,
Participants (N)

Type of Mental Disorder and
Screening Tools Supplementation Main Results Ref.

A double-blinded
pilot-controlled study,

60 healthy adults working
at responsible positions

33 years old
3 groups

Occupational stress, SF-36
Perceived Stress Scale Beck

Anxiety Inventory, and SF-36
health survey scales were

employed in the study

Curcumin
(Curcuma-galactomannoside
(500 mg × 2/day, standard

B. curcumin (500 mg × 2/day)
Placebo.

Curcumagalactomannoside
group: Significant improvements

in quality-of-life score.
Significant reduction in stress

score. Reduced anxiety,
oxidative markers and perceived

stress.

[62]

Randomized double-blind
placebo-controlled parallel

group trial, 48 healthy
adults,

20–64 years old
3 groups

Emotional fatigue, anxiety,
POMS

Water extract of C. longa (WEC):
150 mg WEC and 0.40 mg

bisacurone (Low-WEC group)
900 mg WEC and 2.40 mg

bisacurone (High-WEC group),
Matching placebo tablets

(placebo group) daily 8 weeks

POMS score of Low WEC group
was significantly lower than the

placebo group.
[63]

Observational group, CG: control group, BDNF: brain-derived neurotrophic factor, IL: Interleukin, PHQ-9: patient
health questionnaire-9, HDRS: Hamilton depression rating scale, MADRS: Montgomery–Åsberg depression rating
scale, POMS: profile of mood states, SMCs: smooth muscle cells, BAI: Beck Anxiety Inventory, BDI-II: Beck
Depression Inventory-II: STAI: State-Trait Anxiety Inventory, LDL: low-density lipoprotein, IDS-SR30: Self-rated
Inventory of Depressive Symptomatology 30, HAM-A: Hamilton anxiety rating scale, MDD: major depressive
disorder, YMRS: young mania rating scale MMSE: mini-mental state examination, CGI: clinical global impression,
HADS: hospital anxiety and depression scale, PMS: premenstrual syndrome, DASS: depression anxiety stress
scales, SF-36: 36-item short-form survey, SAS: sedation–agitation scale, SDS: self-rating depression scale, WEC:
water extract of C. longa. ↓ decrease, ↑ increase.

Chronic inflammation is increasingly recognized as a contributing factor to depression.
Curcumin has strong anti-inflammatory properties, suppressing the activity of inflamma-
tory molecules like cytokines and enzymes involved in the inflammatory process [50]. By
reducing inflammation, curcumin may alleviate the intensity of some symptoms associated
with depression. Moreover, it can regulate peripheral biomarkers associated with depres-
sion and major depression progress, such as monoaminergic activity, cytokines circulation,
stress hormones regulation and oxidative markers reduction [50].

Furthermore, supplementation with an increasing dosage rate from 500 mg to 1500 mg
disorder, as indicated by significant improvements, occurs 12 and 16 weeks after the begin-
ning of treatment [34]. Remarkably, curcumin has the ability to enhance anti-depressive
medication effects like fluoxetine and bupropion in both animals and humans [54].

The chronic oral administration of 2 g of curcumin when combined with medication
(escitalopram), provided a significant antidepressant behavioral response in depressed
patients with a parallel reduction in the scores of the 17 items of the Hamilton Depression
Rating Scale (HDRS) and the Montgomery–Asberg Depression Rating Scale (MADRS).
Curcumin also reduced plasma levels of the inflammatory cytokines, such as tumor necrosis
factor-α (TNF-α) and IL-1, elevated plasma levels of BDNF and decreased salivary cortisol
levels in comparison to the placebo group [46]. Mild side effects (e.g., nausea) in the
curcumin and escitalopram group were reported. Regarding monoamine-oxidase (MAO)
action, this orange turmeric compound has demonstrated synergistic action with MAO
inhibitors by increasing their activity [64]. However, a few studies in humans when 500 mg
or 1000 mg per day of curcumin was supplemented orally demonstrated insignificant
effects on depression even when combined with piperine and ellagic acid [49].

4.3. Bipolar Disorder

Bipolar disorder (BD) is a persistent, severe and prevalent mental illness characterized
by alterations in behavior and mood such as irritability and depression [65]. Recurrent
epidemiological studies have illustrated that BD has high frequencies of inflammatory co-
morbidities, including autoimmune disorders, chronic infections, cardiovascular diseases,
and metabolic disorders [66]. Cytokine-based studies have established that BD is linked to
chronic inflammation with a subsequent elevation of pro-inflammatory cytokine concentra-
tions during episodes of mood alterations [67]. Increased levels of IL-6 and TNF-α have
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also been noted during manic episodes. IL-6 levels return to baseline levels after treatment
with mood stabilizers, while TNF-α levels continue to remain high [68]. During manic
episodes, IL-6, IL-5, interferon (INF)-γ and IL-8 were the upregulated pro-inflammatory
cytokines, while only IL-6 was found to be raised during depression. In addition, BD is
characterized by an imbalance between anti-inflammatory IL-10 and IL-6 [68].

Research has also identified some molecular mechanisms for explaining the bilateral
relationship between BD and immune dysfunction. The most important mechanisms
involve cytokine-induced monoamine alterations, augmented oxidative stress, pathological
microglial hyperactivation, HPA axis hyperactivation, modifications in the microbiome-
gut-brain axis, and sleep-related immune system alterations [69]. Moreover, impaired
endocrine functions have extensively been studied in BD, including the analysis of hormone
levels in blood and urine and the assessment of neuroendocrine systems, particularly
the hypothalamic–pituitary–thyroid axis and the HPA axis [65]. In addition to brain
disorders, BD has been associated with a variety of metabolic changes, such as obesity,
hypertension and other metabolic alterations, including variations in glucose metabolism,
while cardiovascular morbidity and metabolic syndrome are among the most important
causes of mortality in this patient population [70].

Even though the pathophysiology of BD remains still unclear, substantial evidence
from diverse types of studies has currently converged and implicated modifications in
neuroplasticity, neuronal connectivity, apoptotic regulation, cell survival and resistance
as key mechanisms in the neuropathogenesis of BD [71]. The balance between neuronal
cell survival and death is modulated or influenced by several mediators. Changes in the
levels of these factors in the periphery of the human body have been proposed as possi-
ble biomarkers of BD. The replication of abnormalities in neurotrophins, inflammatory
interleukins mediators, monoamine metabolites and oxidative stress species in indepen-
dent studies leads to the postulation that this association could be regarded as a feasible
biomarker and an indicator of BD progression [72].

Regarding the role of neurotrophins in the pathogenesis of BD, it has been elucidated
that they belong to a family of proteins associated with neuronal growth, survival, and
function [40,73]. BDFN is a mediator of neuronal differentiation and synaptic neuroplas-
ticity. In fact, in the clinical recovery phase, blood serum levels of BDFN are increased,
while in the symptomatic phase of the disorder, they are reduced [73]. Polymorphism of
the BDNF gene is positively correlated to a higher risk of BD development [74]. In addition,
medication, including atypical antipsychotic drugs and lithium can result in an increase
in BDFN levels. Notably, side effects due to medication, such as constipation, dizziness,
nausea, sexual disorders and memory deficits, contribute to the possible low adherence of
some patients to treatment [75].

4.4. Curcumin in Bipolar Disorder Treatment

In the last decades, there has been a gradually increasing trend towards traditional
medicine and phytochemicals for the treatment of chronic diseases [75]. The effect of
curcumin on the outcome of mood swings in people with BD, although not widely stud-
ied in humans, may exhibit positive outcomes [68,76]. The international literature has
demonstrated curcumin’s involvement in BD molecular pathways. More to the point,
curcumin, has shown an ability to interact with diverse biomolecules and increase BDNF
levels, also reducing interleukin levels and oxidative stress in people with BD [76]. The
BDNF signaling pathway in the hippocampus has been involved in the mechanism of neu-
rogenesis and neuroprotection that preserves homeostasis and provides neuronal survival
in humans [77]. The hippocampus is also suggested as a key target for the anti-stress effect
of curcumin in both rodents and humans [12,78]. Remarkably, there is strong evidence that
curcumin is a major modulator of pro-inflammatory enzymes such as lipoxygenases and
cyclooxygenases (COX) as well as certain transcription factors [76]. Curcumin is involved
in the signal transmission of inflammatory mediators like IL-6 and IL-1b and it is not
only capable of suppressing COX-2 but also further regulates COX-2 gene expression [79].
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Subsequently, curcumin can reduce the production of prostanoids in a variety of cell types
including macrophages, gastric epithelial cells, and malignant cells [79]. Moreover, cur-
cumin can increase the expression of COX-2, prostaglandin E synthase-1 (mPGES-1) and
prostaglandin-I2 synthase (PGI2S) gene expression, which are functionally active [79].

However, a recent randomized control trial on humans with BD has revealed con-
troversial results. Particularly, when nano-formulated curcumin was administrated in
combination with different doses of sodium valproate to patients with BD in the maniac
phase, no significant differences were observed between the interventional and the control
group [53]. In this study, the enrolled patients in both groups received sodium valproate
starting at a dose of 600 mg daily and administered up to 20 mg per Kg daily or the
highest dosage of the patient’s tolerance [53]. Another study demonstrated significant
improvements in depressive symptoms and anti-anxiety effects after curcumin and saffron
supplementation [52].

4.5. Curcumin and Anxiety and Stress Disorders

Anxiety and stress disorders, which affect almost 10% of the European population and
8% of people worldwide, were the most disabling mental disorders in 2019, demonstrating
higher rates during the COVID-19 Pandemic [80]. Depression usually follows or coexists
with anxiety and stress disorders [81]. Regarding their pathophysiology, HPA axis function
abnormalities and cytokines seem to be involved in stress and anxiety pathogenesis.

Several studies examining curcumin’s efficacy in stress reduction have suggested
potential benefits due to its anti-inflammatory, antioxidant, and neuroprotective properties,
which could indirectly contribute to stress and anxiety alleviation [8,52,82]. Moreover, when
curcumin was combined with fenugreek dietary fiber and administrated orally to people
suffering from occupational stress, it exerted significantly positive effects on participants’
mood profiles regarding anxiety and depression [62]. In addition, Gulf War Illness remains
a continuing health issue, characterized mostly by anxiety, chronic musculoskeletal pain,
depression, fatigue, mood changes and cognitive deficits [83]. In this aspect, curcumin
was also tested in treating the severity of symptoms of pain as well as mental disorders in
veterans who took part in the Gulf War with promising positive results. Oral administra-
tion of 1000 mg/g per day and 4000 mg/g per day reduced disease symptoms’ severity
significantly more than placebo at both the lower and higher dosages [61].

5. Discussion

The implementation of curcumin in health issues has a history of more than two thou-
sand years ago [2–8]. Several biological benefits of this turmeric extract have attracted the
interest of the scientific community worldwide. Substantial research has demonstrated the
properties of curcumin to regulate the inflammation process, to provide wound healing,
suppression of advanced glycation end product formation, anticancer activity, protect against
neurodegenerative diseases and modulation or treatment of mental disorders [84,85]. In this
aspect, this review highlights the effect of curcumin on mental disorders (especially stress
and anxiety, depression, major depression and bipolar disorder) in humans by overcoming
bioavailability disadvantages.

A plethora of studies have been conducted in vitro or in vivo in animals, while few
studies have been conducted in humans. Emerging data suggest curcumin’s anti-depressive
properties in humans. Existing randomized control studies and clinical trials investigating
the effect of turmeric or curcumin supplementation on depression, major depression,
bipolar disorder, anxiety and stress disorders in humans remain still limited. Moreover,
the results of these existing clinical studies seem contradictory and inconclusive. In fact,
some clinical studies evaluating the effect of curcumin on depression or major depression
showed promising results as curcumin improved the mood state of the study participants.
In contrast, no differences were found in other surveys. Conversely, other studies found
no differences or found some differences in specific participants’ mood conditions. For
example, when 1 g of curcumin was administered to obese women, changes in the anxiety
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scale were observed, whereas no changes were noted in the depression scale compared
to the control group [49]. On the other hand, differences were found in the improvement
of anxiety and depression (but not stress) when 80 mg of nano-packaged curcumin was
administered to 80 diabetic adults [57]. Supplementing 2 g of curcumin per day at the same
time as taking antidepressant medication in people aged 31 to 59 years with depression
had a positive anti-depressive effect and even a modified effect by reducing inflammatory
markers such as IL-1, salivary cortisol levels, TNF-α and BDNF [46].

Notably, in individuals with BD, curcumin in the phase of mania showed no differ-
ences, while its effect on the same participants in the depression phase was not examined.
Both depression and BD have been associated with vitamin B12 and folic acid deficien-
cies [86]. The possible cause has been ascribed to the potential polymorphism of the
methylenetetrahydrofolate (MTHFR) gene on the total homocysteine (tHcy), folate and
B12 levels in patients with BD [86]. In this aspect, the currently available studies did not
assess homocysteine, folate and vitamin B12 levels in order to investigate whether partic-
ipants receiving vitamin B12 and folate supplementation could present better outcomes.
Moreover, both anti-anxiety and anti-stress properties of that turmeric compound have
also been investigated in humans with contradictory outcomes among the existing studies.
Curcumin has also been tested in workers with occupational stress and mild depression.
Their outcomes were significant, demonstrating reductions in anxiety, depression and stress
scores [45,62]. More to the point, Pandaran Sudheeran et al. explored the safety, antioxi-
dant effectiveness and bioavailability of CurQfen (curcumagalactomannoside (CGM)), a
food-grade formulation of natural curcumin with fenugreek dietary fiber that has been
shown to possess improved BBB permeability and tissue distribution in rats [62]. In this
double-blinded clinical trial, 60 individuals experiencing occupational stress-related anxi-
ety and fatigue were randomly assigned to receive CGM, standard curcumin and placebo
for 30 days (500 mg twice daily). The study showed the safety, tolerance and increased
efficacy of CGM in comparison with unformulated standard curcumin. Interestingly, a
substantial improvement in the quality of life with a considerable decrease in stress, anxiety
and fatigue was noted among CGM-treated individuals compared with the standard cur-
cumin group [62]. In support of the above, a cross-sectional study with an 8-week duration
evaluated curcumin supplementation and sunlight exposure among office workers with
mild depression [45]. This study showed that curcumin supplementation and sunlight
exposure programs led to considerable reductions in depression scores and some of its
related biomarkers. Such a program could be a sustainable and cost-effective method to
attenuate psychological depression among the working class [45].

Despite the extensive and confirmed potency of curcumin, its involvement in signaling
pathways and the scientifically confirmed data of its molecular mechanisms of action,
the compound presents low bioavailability when administrated orally. Pharmaceutical
biotechnology has provided solutions to increase the oral bioavailability of curcumin [87].
Studies on the kinetics and metabolism of curcumin have shown significant results in
increasing its oral bioavailability such as the combination with piperine that can interfere
with glucuronidation, the use of liposomal curcumin, curcumin nanoparticles, the use
of curcumin phospholipid complex, the use of structural analogs of curcumin and the
combination with galactomanossides (Fenugreek dietary fiber) with enhanced absorption
and half-life in plasma [25].

Moreover, the medicinal and pharmacological properties of the curcumin-C3 complex,
which is a compound of three curcuminoids (curcumin, dimethoxy–curcumin and bis–
dimethoxy–curcumin) and encapsulated chitosan nanoparticles, were investigated in vitro
with positive results regarding the antioxidant and antimicrobial activity of the complex
demonstrating over 90% enhanced entrapment efficiency and drug release [84]. It is worth
mentioning that Theracurmin, which is curcumin in colloidal submicroscopic particles,
is another bioavailable formulation, exhibiting higher oral bioavailability than curcumin.
The mean particle size of Theracurmin has been found significantly smaller (0.19 µm)
than that of the standard curcumin formulation (22.75 µm) and dispersed consistently [88].
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Theracurmin has been tested in cancer patients and patients having cognitive impairment,
demonstrating significant anti-neurodegenerative properties and exerting apoptotic effects
on human cancer cells, respectively [89,90]. Thus, Theracurmin, a form of colloidal submi-
croscopic particles, may be considered a more effective bioavailable formulation, which
should be examined in future clinical human studies.

Anxiety and stress, particularly chronic stress disorders, are usually treated under the um-
brella of depression and not as separate pathological entities. Several randomized control trials
have been conducted in humans with depression or BD, investigating the anti-depressant effects
of curcumin. Inconsistency is usually attributed to low bioavailability and rapid metabolism
of the substance, as already mentioned above. However, when curcumin was administered
in a graduated dose or in the form of solid lipid or nanoparticles or a water extract of Cur-
cuma longa in healthy humans or patients, the results were found encouraging, as its anxiolytic,
anti-depressive and anti-stress activity was supported [48,51,55,56,58–60,63,91,92]. Regarding
the anti-anxiety and anti-stress effect of Curcuma longa on humans, there is a noticeable research
gap as most of the studies have been conducted in rodents. It should be noted that in animal
studies under induced post-traumatic stress or stress, curcumin was effective in reducing the
feeling of fear and anxiety. Of course, animals under conditions of a provoked behavioral
disturbance react based on instincts (a typical example is the Pavlovian reflex) [47].

Moreover, the included clinical studies in this review present a great heterogeneity
both in terms of the population under study, the screening tools used for mental disorder
assessment and the type of mental disorder, as well as curcumin’s optimal dose, the duration
of the treatment and the form or combination in which the compound was administrated.

Notably, in the present review, the most significant positive outcomes have been
observed when curcumin was administrated in the form of Theracurmin, highlighting
greater bioavailability and absorption, providing anti-apoptotic effects and suppression
of stress and anxiety levels in cancer patients [48,90] and promoting the stimulus for
augmenting the effect of encapsulation of curcumin in nanoparticles on mental disorders
and especially on mental disturbances such as anxiety and stress.

During the publishing process of the present review, some novel studies were pub-
lished concerning curcumin and its bioavailability issues. In a combination of Caco-2 cell
monolayer permeability assay, curcumin and piperine combination showed low permeabil-
ity of curcumin in vitro as compared to a reference item, the dried and crushed turmeric
rhizomes [93]. Another recent study aimed to enhance the stability and bioavailability
of curcumin using nano-emulsion coating technology [94]. The nano-emulsion system
was developed by encapsulating Cur with quaternized chitosan (QMNE) and the nano-
emulsion containing curcumin and medium-chain triglyceride (MCT) oil (MNE) was used
as a control sample. QMNE demonstrated superior stability, in vitro gastric fluid stability
and bioavailability compared to MNE. Moreover, QMNE exhibited excellent emulsification
activity and stability. Hence, this recent study has provided valuable insights into the
formulation of a system to encapsulate curcumin and the improvement of its stability and
bioavailability [94]. Another recent research study constructed composite nanoparticles
using abietic acid as a carrier for significantly enhancing the bioavailability of curcumin [95].
In cellular assays, curcumin-loaded abietic acid nanoparticles with the same curcumin
concentration were shown to exhibit greater bioaccessibility and bioavailability than free
curcumin [95]. Moreover, a green single-step simultaneous aerogel formation-curcumin
deposition method was applied to impregnate curcumin into the aerogels through super-
critical carbon dioxide (SC-CO2) drying technology. The loading of curcumin in aerogels
also significantly enhanced the bioaccessibility of curcumin in the simulated gastrointesti-
nal fluid by almost 30-fold when compared to the unloaded curcumin [96]. Based on the
current knowledge, the encapsulation of curcumin into nanoparticles seems to be the most
promising formulation to effectively increase its bioaccessibility and bioavailability. Thus,
there is a strong demand to direct future research in this type of curcumin formulation by
performing human clinical studies.
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6. Conclusions

Curcumin is a natural substance with multifunctional pharmacological properties,
which interferes with various neurotransmitter systems and intracellular signaling path-
ways implicated in mood modulation. Also, curcumin has anti-inflammatory, antioxidant,
and neurotrophic effects, suggesting a strong dynamic potential for the treatment of con-
ditions associated with mental disorders pathogenesis. Minimal side effects and low cost
make this yellow compound attractive for the therapeutic management of the mentally ill
population. Further large-scale clinical studies in humans experiencing depression, major
depression, anxiety and stress disorders are strongly recommended to determine the usual
dose per mental disorder and the most functional formulation enhancing its clinical utility.
Especially, future clinical studies should be focused their attention on the efficiency of
the different formulations, and especially of the nanoformulation forms of curcumin or
Theracurmin against mental disorders in humans. The encapsulation of curcumin into
nanoparticles appears to be the most promising formulation to effectively increase its
bioaccessibility and bioavailability, highlighting the strong demand to direct the future
research in this type of curcumin formulation by performing human clinical studies.
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18. Roman, B.; Retajczyk, M.; Sałaciński, Ł.; Pełech, R. Curcumin—Properties, Applications and Modification of Structure. Mini-Rev.
Org. Chem. 2020, 17, 486–495. [CrossRef]

19. Priyadarsini, K.I. Chemical and structural features influencing the biological activity of curcumin. Curr. Pharm. Des. 2013, 19,
2093–2100. [CrossRef]

20. Priyadarsini, K.I. The chemistry of curcumin: From extraction to therapeutic agent. Molecules 2014, 19, 20091–20112. [CrossRef]
21. Tahay, P.; Parsa, Z.; Zamani, P.; Safari, N. A structural and optical study of curcumin and curcumin analogs. J. Iran. Chem. Soc.

2022, 19, 3177–3188. [CrossRef]
22. Mary, C.P.V.; Vijayakumar, S.; Shankar, R. Metal chelating ability and antioxidant properties of Curcumin-metal complexes—A

DFT approach. J. Mol. Graph. Model. 2018, 79, 1–14. [CrossRef]
23. Aggarwal, B.B.; Sundaram, C.; Malani, N.; Ichikawa, H. Curcumin: The Indian solid gold. In The Molecular Targets and Therapeutic

Uses of Curcumin in Health and Disease; Aggarwal, B.B., Surh, Y.-J., Shishodia, S., Eds.; Advances in Experimental Medicine and
Biology; Springer: Boston, MA, USA, 2007; pp. 1–75. [CrossRef]

24. Metzler, M.; Pfeiffer, E.; Schulz, S.I.; Dempe, J.S. Curcumin uptake and metabolism. Biofactors 2013, 39, 14–20. [CrossRef]
25. Anand, P.; Kunnumakkara, A.B.; Newman, R.A.; Aggarwal, B.B. Bioavailability of curcumin: Problems and promises. Mol. Pharm.

2007, 4, 807–818. [CrossRef]
26. Pan, M.H.; Huang, T.M.; Lin, J.K. Biotransformation of curcumin through reduction and glucuronidation in mice. Drug Metab.

Dispos. 1999, 27, 486–494. [PubMed]
27. Shoba, G.; Joy, D.; Joseph, T.; Majeed, M.; Rajendran, R.; Srinivas, P.S. Influence of piperine on the pharmacokinetics of curcumin

in animals and human volunteers. Planta Med. 1998, 64, 353–356. [CrossRef] [PubMed]
28. Gota, V.S.; Maru, G.B.; Soni, T.G.; Gandhi, T.R.; Kochar, N.; Agarwal, M.G. Safety and pharmacokinetics of a solid lipid curcumin

particle formulation in osteosarcoma patients and healthy volunteers. J. Agric. Food Chem. 2010, 58, 2095–2099. [CrossRef]
29. Hundshammer, C.; Schön, C.; Kimura, M.; Furune, T.; Terao, K.; Dana Elgeti, D.; Mohr, R. Enhanced metabolic bioavailability of

tetrahydrocurcumin after oral supplementation of a γ-cyclodextrin curcumin complex. J. Funct. Food 2021, 79, 104410. [CrossRef]
30. Yallapu, M.M.; Nagesh, P.K.; Jaggi, M.; Chauhan, S.C. Therapeutic Applications of Curcumin Nanoformulations. AAPS J. 2015,

17, 1341–1356. [CrossRef]
31. Belmaker, R.H.; Agam, G. Major depressive disorder. N. Engl. J. Med. 2008, 358, 55–68. [CrossRef]
32. Krishnan, V.; Nestler, E.J. The molecular neurobiology of depression. Nature 2008, 455, 894–902. [CrossRef] [PubMed]
33. Drevets, W.C. Neuroimaging and neuropathological studies of depression: Implications for the cognitive-emotional features of

mood disorders. Curr. Opin. Neurobiol. 2001, 11, 240–249. [CrossRef] [PubMed]
34. Khandaker, G.M.; Zammit, S.; Burgess, S.; Lewis, G.; Jones, P.B. Association between a functional interleukin 6 receptor genetic

variant and risk of depression and psychosis in a population-based birth cohort. Brain Behav. Immun. 2018, 69, 264–272. [CrossRef]
35. Mihailova, S.; Ivanova-Genova, E.; Lukanov, T.; Stoyanova, V.; Milanova, V.; Naumova, E. A study of TNF-α, TGF-β, IL-10, IL-6,

and IFN-γ gene polymorphisms in patients with depression. J. Neuroimmunol. 2016, 293, 123–128. [CrossRef] [PubMed]
36. Duman, R.; Aghajanian, G.K. Synaptic dysfunction in depression: Potential therapeutic targets. Science 2012, 338, 68–72. [CrossRef]
37. Duman, R.S.; Monteggia, L.M. A neurotrophic model for stress-related mood disorders. Biol. Psychiatry 2006, 59, 1116–1127.

[CrossRef] [PubMed]
38. Delva, N.C.; Stanwood, G.D. Dysregulation of brain dopamine systems in major depressive disorder. Exp. Biol. Med. 2021, 246,

1084–1093. [CrossRef] [PubMed]
39. Belujon, P.; Grace, A.A. Dopamine System Dysregulation in Major Depressive Disorders. Int. J. Neuropsychopharmacol. 2017, 20,

1036–1046. [CrossRef]
40. Cavaleri, D.; Moretti, F.; Bartoccetti, A.; Mauro, S.; Crocamo, C.; Carrà, G.; Bartoli, F. The role of BDNF in major depressive

disorder, related clinical features, and antidepressant treatment: Insight from meta-analyses. Neurosci. Biobehav. Rev. 2023,
149, 105159. [CrossRef]

41. Kugaya, A.; Sanacora, G. Beyond monoamines: Glutamatergic function in mood disorders. CNS Spectr. 2005, 10, 808–819.
[CrossRef]

42. Khoodoruth, M.A.S.; Estudillo-Guerra, M.A.; Pacheco-Barrios, K.; Nyundo, A.; Chapa-Koloffon, G.; Ouanes, S. Glutamatergic
System in Depression and Its Role in Neuromodulatory Techniques Optimization. Front. Psychiatry 2022, 13, 886918. [CrossRef]
[PubMed]

43. Pariante, C.M.; Nemeroff, C.B. Chapter 14—Unipolar depression. In Handbook of Clinical Neurology; Aminoff, M.J., Boller, F.,
Swaab, D.F., Eds.; Neurobiology of Psychiatric Disorders; Elsevier: Amsterdam, The Netherlands, 2012; Volume 106, pp. 239–249.
[CrossRef]

44. Ramaholimihaso, T.; Bouazzaoui, F.; Kaladjian, A. Curcumin in Depression: Potential Mechanisms of Action and Current
Evidence-A Narrative Review. Front. Psychiatry 2020, 11, 572533. [CrossRef] [PubMed]

https://doi.org/10.3109/1061186X.2016.1157883
https://www.ncbi.nlm.nih.gov/pubmed/26942997
https://doi.org/10.3390/pharmaceutics13101715
https://www.ncbi.nlm.nih.gov/pubmed/34684008
https://doi.org/10.1080/17425247.2020.1702644
https://www.ncbi.nlm.nih.gov/pubmed/31810374
https://doi.org/10.2174/1570193X16666190621110247
https://doi.org/10.2174/138161213805289228
https://doi.org/10.3390/molecules191220091
https://doi.org/10.1007/s13738-022-02522-x
https://doi.org/10.1016/j.jmgm.2017.10.022
https://doi.org/10.1007/978-0-387-46401-5_1
https://doi.org/10.1002/biof.1042
https://doi.org/10.1021/mp700113r
https://www.ncbi.nlm.nih.gov/pubmed/10101144
https://doi.org/10.1055/s-2006-957450
https://www.ncbi.nlm.nih.gov/pubmed/9619120
https://doi.org/10.1021/jf9024807
https://doi.org/10.1016/j.jff.2021.104410
https://doi.org/10.1208/s12248-015-9811-z
https://doi.org/10.1056/NEJMra073096
https://doi.org/10.1038/nature07455
https://www.ncbi.nlm.nih.gov/pubmed/18923511
https://doi.org/10.1016/S0959-4388(00)00203-8
https://www.ncbi.nlm.nih.gov/pubmed/11301246
https://doi.org/10.1016/j.bbi.2017.11.020
https://doi.org/10.1016/j.jneuroim.2016.03.005
https://www.ncbi.nlm.nih.gov/pubmed/27049572
https://doi.org/10.1126/science.1222939
https://doi.org/10.1016/j.biopsych.2006.02.013
https://www.ncbi.nlm.nih.gov/pubmed/16631126
https://doi.org/10.1177/1535370221991830
https://www.ncbi.nlm.nih.gov/pubmed/33593109
https://doi.org/10.1093/ijnp/pyx056
https://doi.org/10.1016/j.neubiorev.2023.105159
https://doi.org/10.1017/S1092852900010403
https://doi.org/10.3389/fpsyt.2022.886918
https://www.ncbi.nlm.nih.gov/pubmed/35492692
https://doi.org/10.1016/B978-0-444-52002-9.00014-0
https://doi.org/10.3389/fpsyt.2020.572533
https://www.ncbi.nlm.nih.gov/pubmed/33329109


Life 2024, 14, 479 16 of 18

45. Taworntawat, C.; Neeser, K.J.; Somrongthong, R.; O’Brien, T.E. Measuring Success of Meditation, Curcumin Supplementation and
Sunlight Exposure among Office Workers with Mild Depression. Indian J. Forensic Med. Toxicol. 2022, 16, 112–121. [CrossRef]

46. Yu, J.J.; Pei, L.B.; Zhang, Y.; Wen, Z.Y.; Yang, J.L. Chronic Supplementation of Curcumin Enhances the Efficacy of Antidepressants
in Major Depressive Disorder: A Randomized, Double-Blind, Placebo-Controlled Pilot Study. J. Clin. Psychopharmacol. 2015, 35,
406–410. [CrossRef] [PubMed]

47. Kuszewski, J.C.; Wong, R.H.X.; Wood, L.G.; Howe, P.R.C. Effects of fish oil and curcumin supplementation on cerebrovascular
function in older adults: A randomized controlled trial. Nutr. Metab. Cardiovasc. Dis. 2020, 30, 625–633. [CrossRef]

48. Cox, K.H.; Pipingas, A.; Scholey, A.B. Investigation of the effects of solid lipid curcumin on cognition and mood in a healthy older
population. J. Psychopharmacol. 2015, 29, 642–651. [CrossRef]

49. Esmaily, H.; Sahebkar, A.; Iranshahi, M.; Ganjali, S.; Mohammadi, A.; Ferns, G.; Ghayour-Mobarhan, M. An investigation of the
effects of curcumin on anxiety and depression in obese individuals: A randomized controlled trial. Chin. J. Integr. Med. 2015, 21,
332–338. [CrossRef]

50. Lopresti, A.L.; Maes, M.; Meddens, M.J.; Maker, G.L.; Arnoldussen, E.; Drummond, P.D. Curcumin and major depression: A
randomised, double-blind, placebo-controlled trial investigating the potential of peripheral biomarkers to predict treatment
response and antidepressant mechanisms of change. Eur. Neuropsychopharmacol. 2015, 25, 38–50. [CrossRef]

51. Kanchanatawan, B.; Tangwongchai, S.; Sughondhabhirom, A.; Suppapitiporn, S.; Hemrunrojn, S.; Carvalho, A.F.; Maes, M.
Add-on Treatment with Curcumin Has Antidepressive Effects in Thai Patients with Major Depression: Results of a Randomized
Double-Blind Placebo-Controlled Study. Neurotox. Res. 2018, 33, 621–633. [CrossRef]

52. Lopresti, A.L.; Drummond, P.D. Efficacy of curcumin, and a saffron/curcumin combination for the treatment of major depression:
A randomised, double-blind, placebo-controlled study. J. Affect. Disord. 2017, 207, 188–196. [CrossRef]

53. Akbarzadeh, F.; Niksun, N.; Behravan, G.; Behdani, F.; Mohammadpour, A.H.; Jaafari, M.; Hosseini, T.; Rajai, Z.; Ebrahimi, A.;
Eslamzadeh, M. The effect of adding curcumin to sodium valproate in treatment of patients with bipolar disorder in the acute
phase of mania: A randomized double-blind clinical trial. Front. Psychiatry 2023, 14, 1068277. [CrossRef] [PubMed]

54. Bergman, J.; Miodownik, C.; Bersudsky, Y.; Sokolik, S.; Lerner, P.P.; Kreinin, A.; Polakiewicz, J.; Lerner, V. Curcumin as an add-on
to antidepressive treatment: A randomized, double-blind, placebo-controlled, pilot clinical study. Clin. Neuropharmacol. 2013, 36,
73–77. [CrossRef] [PubMed]

55. Panahi, Y.; Badeli, R.; Karami, G.R.; Sahebkar, A. Investigation of the efficacy of adjunctive therapy with bioavailability-boosted
curcuminoids in major depressive disorder. Phytother. Res. 2015, 29, 17–21. [CrossRef]

56. Fanaei, H.; Khayat, S.; Kasaeian, A.; Javadimehr, M. Effect of curcumin on serum brain-derived neurotrophic factor levels in
women with premenstrual syndrome: A randomized, double-blind, placebo-controlled trial. Neuropeptides 2016, 56, 25–31.
[CrossRef] [PubMed]

57. Asadi, S.; Gholami, M.S.; Siassi, F.; Qorbani, M.; Sotoudeh, G. Beneficial effects of nano-curcumin supplement on depression and
anxiety in diabetic patients with peripheral neuropathy: A randomized, double-blind, placebo-controlled clinical trial. Phytother.
Res. 2020, 34, 896–903. [CrossRef]

58. Latif, R.; Mumtaz, S.; Al Sheikh, M.H.; Chathoth, S.; Nasser Al Naimi, S. Effects of Turmeric on Cardiovascular Risk Factors,
Mental Health, and Serum Homocysteine in Overweight, Obese Females. Altern. Ther. Health Med. 2021, 27, 114–119. [PubMed]

59. Lopresti, A.L.; Smith, S.J.; Rea, A.; Michel, S. Efficacy of a curcumin extract (Curcugen™) on gastrointestinal symptoms and
intestinal microbiota in adults with self-reported digestive complaints: A randomised, double-blind, placebo-controlled study.
BMC Complement. Med. Ther. 2021, 21, 40. [CrossRef] [PubMed]

60. Ma, T.; Ma, Z.; Zhang, X.; Zhou, F. Evaluation of Effect of Curcumin on Psychological State of Patients with Pulmonary
Hypertension by Magnetic Resonance Image under Deep Learning. Contrast Media Mol. Imaging 2021, 2021, 9935754. [CrossRef]

61. Donovan, E.K.; Kekes-Szabo, S.; Lin, J.C.; Massey, R.L.; Cobb, J.D.; Hodgin, K.S.; Ness, T.J.; Hangee-Bauer, C.; Younger, J.W. A
Placebo-Controlled, Pseudo-Randomized, Crossover Trial of Botanical Agents for Gulf War Illness: Curcumin (Curcuma longa),
Boswellia (Boswellia serrata), and French Maritime Pine Bark (Pinus pinaster). Int. J. Environ. Res. Public Health 2021, 18, 2468.
[CrossRef]

62. Pandaran Sudheeran, S.; Jacob, D.; Natinga Mulakal, J.; Gopinathan Nair, G.; Maliakel, A.; Maliakel, B.; Kuttan, R.; Im, K. Safety,
Tolerance, and Enhanced Efficacy of a Bioavailable Formulation of Curcumin With Fenugreek Dietary Fiber on Occupational
Stress: A Randomized, Double-Blind, Placebo-Controlled Pilot Study. J. Clin. Psychopharmacol. 2016, 36, 236–243. [CrossRef]

63. Kawasaki, K.; Muroyama, K.; Murosaki, S. Effect of a water extract of Curcuma longa on emotional states in healthy participants.
Biosci. Microbiota Food Health 2018, 37, 25–29. [CrossRef] [PubMed]

64. Khatri, D.K.; Juvekar, A.R. Kinetics of Inhibition of Monoamine Oxidase Using Curcumin and Ellagic Acid. Pharmacogn. Mag.
2016, 12 (Suppl. S2), S116–S120. [CrossRef] [PubMed]

65. Vieta, E.; Berk, M.; Schulze, T.G.; Carvalho, A.F.; Suppes, T.; Calabrese, J.R.; Gao, K.; Miskowiak, K.W.; Grande, I. Bipolar disorders.
Nat. Rev. Dis. Primers 2018, 4, 18008. [CrossRef] [PubMed]

66. Hamdani, N.; Doukhan, R.; Kurtlucan, O.; Tamouza, R.; Leboyer, M. Immunity, inflammation, and bipolar disorder: Diagnostic
and therapeutic implications. Curr. Psychiatry Rep. 2013, 15, 387. [CrossRef] [PubMed]

67. Kim, Y.K.; Jung, H.G.; Myint, A.M.; Kim, H.; Park, S.H. Imbalance between pro-inflammatory and anti-inflammatory cytokines in
bipolar disorder. J. Affect. Disord. 2007, 104, 91–95. [CrossRef] [PubMed]

https://doi.org/10.37506/ijfmt.v16i3.18264
https://doi.org/10.1097/JCP.0000000000000352
https://www.ncbi.nlm.nih.gov/pubmed/26066335
https://doi.org/10.1016/j.numecd.2019.12.010
https://doi.org/10.1177/0269881114552744
https://doi.org/10.1007/s11655-015-2160-z
https://doi.org/10.1016/j.euroneuro.2014.11.015
https://doi.org/10.1007/s12640-017-9860-4
https://doi.org/10.1016/j.jad.2016.09.047
https://doi.org/10.3389/fpsyt.2023.1068277
https://www.ncbi.nlm.nih.gov/pubmed/36816417
https://doi.org/10.1097/WNF.0b013e31828ef969
https://www.ncbi.nlm.nih.gov/pubmed/23673908
https://doi.org/10.1002/ptr.5211
https://doi.org/10.1016/j.npep.2015.11.003
https://www.ncbi.nlm.nih.gov/pubmed/26608718
https://doi.org/10.1002/ptr.6571
https://www.ncbi.nlm.nih.gov/pubmed/32088675
https://doi.org/10.1186/s12906-021-03220-6
https://www.ncbi.nlm.nih.gov/pubmed/33478482
https://doi.org/10.1155/2021/9935754
https://doi.org/10.3390/ijerph18052468
https://doi.org/10.1097/JCP.0000000000000508
https://doi.org/10.12938/bmfh.17-020
https://www.ncbi.nlm.nih.gov/pubmed/29662734
https://doi.org/10.4103/0973-1296.182168
https://www.ncbi.nlm.nih.gov/pubmed/27279695
https://doi.org/10.1038/nrdp.2018.8
https://www.ncbi.nlm.nih.gov/pubmed/29516993
https://doi.org/10.1007/s11920-013-0387-y
https://www.ncbi.nlm.nih.gov/pubmed/23955004
https://doi.org/10.1016/j.jad.2007.02.018
https://www.ncbi.nlm.nih.gov/pubmed/17434599


Life 2024, 14, 479 17 of 18

68. Brietzke, E.; Stertz, L.; Fernandes, B.S.; Kauer-Sant’anna, M.; Mascarenhas, M.; Escosteguy Vargas, A.; Chies, J.A.; Kapczinski,
F. Comparison of cytokine levels in depressed, manic and euthymic patients with bipolar disorder. J. Affect. Disord. 2009, 116,
214–217. [CrossRef] [PubMed]

69. Rosenblat, J.D.; McIntyre, R.S. Bipolar Disorder and Immune Dysfunction: Epidemiological Findings, Proposed Pathophysiology
and Clinical Implications. Brain Sci. 2017, 7, 144. [CrossRef] [PubMed]

70. Vancampfort, D.; Vansteelandt, K.; Correll, C.U.; Mitchell, A.J.; De Herdt, A.; Sienaert, P.; Probst, M.; De Hert, M. Metabolic
syndrome and metabolic abnormalities in bipolar disorder: A meta-analysis of prevalence rates and moderators. Am. J. Psychiatry
2013, 170, 265–274. [CrossRef] [PubMed]

71. Nierenberg, A.A.; Agustini, B.; Köhler-Forsberg, O.; Cusin, C.; Katz, D.; Sylvia, L.G.; Peters, A.; Berk, M. Diagnosis and Treatment
of Bipolar Disorder: A Review. JAMA 2023, 330, 1370–1380. [CrossRef]

72. Sigitova, E.; Fišar, Z.; Hroudová, J.; Cikánková, T.; Raboch, J. Biological hypotheses and biomarkers of bipolar disorder. Psychiatry
Clin. Neurosci. 2017, 71, 77–103. [CrossRef]

73. Scola, G.; Andreazza, A.C. The role of neurotrophins in bipolar disorder. Prog. Neuropsychopharmacol. Biol. Psychiatry 2015, 56,
122–128. [CrossRef] [PubMed]

74. Gandal, M.J.; Haney, J.R.; Parikshak, N.N.; Leppa, V.; Ramaswami, G.; Hartl, C.; Schork, A.J.; Appadurai, V.; Buil, A.; Werge, T.M.;
et al. Shared molecular neuropathology across major psychiatric disorders parallels polygenic overlap. Science 2018, 359, 693–697.
[CrossRef]

75. Sarris, J.; Lake, J.; Hoenders, R. Bipolar disorder and complementary medicine: Current evidence, safety issues, and clinical
considerations. J. Altern. Complement. Med. 2011, 17, 881–890. [CrossRef] [PubMed]

76. Brietzke, E.; Mansur, R.B.; Zugman, A.; Carvalho, A.F.; Macêdo, D.S.; Cha, D.S.; Abílio, V.C.; McIntyre, R.S. Is there a role for
curcumin in the treatment of bipolar disorder? Med. Hypotheses 2013, 80, 606–612. [CrossRef] [PubMed]

77. Lok, A.; Mocking, R.J.; Ruhé, H.G.; Visser, I.; Koeter, M.W.; Assies, J.; Bockting, C.L.; Olff, M.; Schene, A.H. Longitudinal
hypothalamic-pituitary-adrenal axis trait and state effects in recurrent depression. Psychoneuroendocrinology 2012, 37, 892–902.
[CrossRef]

78. Xu, Y.; Ku, B.; Cui, L.; Li, X.; Barish, P.A.; Foster, T.C.; Ogle, W.O. Curcumin reverses impaired hippocampal neurogenesis and
increases serotonin receptor 1A mRNA and brain-derived neurotrophic factor expression in chronically stressed rats. Brain Res.
2007, 1162, 9–18. [CrossRef]

79. Tan, X.; Poulose, E.M.; Raveendran, V.V.; Zhu, B.T.; Stechschulte, D.J.; Dileepan, K.N. Regulation of the expression of cyclooxyge-
nases and production of prostaglandin I2 and E2 in human coronary artery endothelial cells by curcumin. J. Physiol. Pharmacol.
2011, 62, 21–28.

80. COVID-19 Mental Disorders Collaborators. Global prevalence and burden of depressive and anxiety disorders in 204 countries
and territories in 2020 due to the COVID-19 pandemic. Lancet 2021, 398, 1700–1712. [CrossRef]

81. de Kloet, E.R.; Joëls, M.; Holsboer, F. Stress and the brain: From adaptation to disease. Nat. Rev. Neurosci. 2005, 6, 463–475.
[CrossRef]

82. Lopresti, A.L. Potential Role of Curcumin for the Treatment of Major Depressive Disorder. CNS Drugs 2022, 36, 123–141. [CrossRef]
83. Mawson, A.R.; Croft, A.M. Gulf War Illness: Unifying Hypothesis for a Continuing Health Problem. Int. J. Environ. Res. Public

Health 2019, 16, 111. [CrossRef] [PubMed]
84. Reddy, D.N.K.; Huang, F.Y.; Wang, S.P.; Kumar, R. Synergistic Antioxidant and Antibacterial Activity of Curcumin-C3 Encapsu-

lated Chitosan Nanoparticles. Curr. Pharm. Des. 2020, 26, 5021–5029. [CrossRef]
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