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Abstract

Nutrition is helpful in preventing depression and reducing its symptoms in depressed
patients. This is because when the pathophysiology of depression is examined,
deficiencies in certain nutrients are observed. Oxidative stress is also known to
cause inflammation, which can contribute to the pathophysiology of the disease.
We examined the effectiveness of anthocyanin, which is known to be an antioxidant,
on depression. Related articles were searched in the Web of Science database. The
combinations of the following terms were used for the search: “Anthocyanidin” OR
“Anthocyanidins” OR “Anthocyanin” OR “Leucoanthocyanidins” AND “depression”. 71
abstracts were reviewed, 55 full-text articles were examined, and 7 papers met all of
the inclusion criteria. According to these studies, anthocyanin may offer protection
against depression and can alleviate its symptoms. Oxidative stress and deterioration
in neurogenesis are the mechanisms behind inflammation. Various human, animal, and
in vitro studies demonstrate that anthocyanins possess strong anti-inflammatory and
antioxidant properties.

Keywords: Anthocyanins, depression, antioxidant.

Oz

Beslenme, depresyon hastalarinda depresyonun 6nlenmesinde ve semptomlarinin
azaltilmasinda yardimcidir. Clinkii depresyonun patofizyolojisi incelendiginde baz
besinlerde eksiklikler goralir. Oksidatif stresin ayrica hastaligin patofizyolojisine
katkida bulunabilecek inflamasyona neden oldugu bilinmektedir. Antioksidan oldugu
bilinen antosiyaninin depresyon Uzerindeki etkisi incelenmistir. Web of Science
veritabaninda “Antosiyanidin” VEYA “Antosiyanidinler” VEYA “Antosiyanin” VEYA
“Leucoantosiyanidinler” VE “depresyon” terimleri taranmis ve bu tarama sonucunda
¢tkan makaleler incelenmistir. Tarama sonucunda 71 makale bulunmus ve oOzeti
incelenmistir. Uygun goriilen 55 makalenin tam metini incelenmis ve 7 makale dahil
edilme kriterlerinin timun karsilamistir. Bu calismalara gore, antosiyanin depresyona
karsi koruma saglayabilir ve depresyonun semptomlarini hafifletebilir. Oksidatif stres ve
nérogenezdeki bozulma inflamasyonun arkasinda yatan mekanizmalardir. Cesitli insan,
hayvan ve in vitro calismalar, antosiyaninlerin gl¢li anti-enflamatuar ve antioksidan
ozelliklere sahip oldugunu gostermektedir.

Anahtar Kelimeler: Antosiyaninler, depresyon, antioksidan.

1. Giris

The term“depression”is defined as a condition of pessimism
and low mood. “Depression” is derived from the Latin word
“depressus” and means “to suppress or to be low. The
symptoms of depression include constant and intense
negative emotions, difficulty with daily activities, and a lack
of mental and physical energy (1). Over 300 million people
worldwide suffer from depression (4.4% of the adult
population) (2). It has also been reported that there has
been a significantincrease in these rates with the COVID-19
pandemic (3,4). There are several risk factors for depressive
disorders, including gender, income, social status, alcohol
and drug use, genetic and epigenetic mechanisms, stress,
inflammation, and dietary habits (5).

During the last few years, scientific research has
demonstrated a connection between mental health and
nutrition, and scientists have concluded that mental and
physical health are intertwined (6,7). Depressive disorders
can be reduced through improvements in diet, which is a
manageable risk factor for depression (5). Foods can have
an effect on the chemical composition of our brains by
altering our mental state. Microbiota, neurotransmitters,
and certain compounds in foods play a significant role in
mood regulation (8). It has been determined in human
studies that dietary components have antioxidant/
anti-inflammatory activities and improve cognitive and
depression outcomes (9). It is well-known that dietary
polyphenols are among the most important antioxidants
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in foods. Numerous dietary polyphenols have been linked
to the reduction of depression symptoms. Flavonoids,
an influential class of polyphenols, have antidepressant
content and are protective against depressive symptoms
(10). Anthocyanins are natural flavonoids, meaning “blue
flower” in Greek (11). It is abundant in seeds, flowers,
leaves, and fruits in plants. There are numerous examples
of fruits and vegetables that turn from green to purple
or red when ripe and accumulate anthocyanins (12). The
biological activities of anthocyanins have been extensively
studied; researchers have found that components in the
anthocyanins possesses antimutagenic, antioxidant, anti-
inflammatory, and antimicrobial properties (13).This review
examines the effectiveness of anthocyanin on depression-
related symptoms in light of the relevant literature, taking
into consideration the pathophysiological pathways that
contribute to depression.

1.1. Relationship Between Depression and Anthocyanin

Animportant aspect of depression's pathophysiology is the
fact that it is a complex disorder, with multiple mechanisms
involved (10). These mechanisms include disorders in
the hypothalamic-pituitary-adrenal axis (HPA), biogenic
amine hypothesis, neuroinflammation, genetic, immune
and environmental factors. Decreases in an individual's
neurogenesis, abnormalities in the second messenger
system, and elevated corticotropin-releasing factor (CRF)
levels may also contribute to depression (14). As of right
now, depression has been associated with oxidative
stress, which occurs when the ratio of reactive species
overflows and the antioxidant defenses fail to detoxify
these reactive components, resulting in potential damage
to lipids, proteins, and DNA (15). In spite of this, the precise
mechanism responsible for the development of depression
and progression of the disease after it develops remains
unclear (10). Several in vivo studies have investigated
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the anti-depressant properties of natural flavonoids and
carotenoids, with largely positive outcomes (16). The
flavonoids rutin, quercetin, apigenin, epigallocatechin
gallate, myricetin, hesperidin, kaempferol, naringenin,
formononetin, beta-carotene, beta-cryptoxanthin,
lutein, and genistein have been demonstrated to have
antidepressant properties in animal model (10). In recent
studies, there has been a negative association between
phenolic acid, flavanones, and anthocyanin intake and
depression symptoms (10,17,18). A high antioxidant activity
is attributed to anthocyanins, which have the potential to
damage DNA, activate estrogen, inhibit enzymes, inhibit
inflammation, and inhibit the peroxidation of lipids (19—
21).

There is increasing demonstration to suggest that
increased monoamine oxidase (MAO) level is associated
with different neurological disorders, including depression
(22). Changes in mood can result from diminished levels
of monoamine neurotransmitters in the brain. As a result
of the increase in monoamine neurotransmitters and
their receptors, depression can be treated; this is the basis
for using antidepressants as a first-line treatment in the
treatment of major depression. (19). It has been reported
that anthocyanidins isolated from hibiscus flowers
inhibited the MAO-A and MAO-B activities of mice in a
study based on forced swimming and tail suspension tests.
In their study, hibiscus flower extract significantly alleviated
depressive-like behavior, primarily via modulation of the
serotonergic, noradrenergic, and dopaminergic systems
(23). Similarly, another study showed that purified
anthocyanins from purple cauliflower (PAPC) significantly
improved depression-like behaviors, increased level of
monoamine neurotransmitters, and inhibited monoamine
oxidase in the mice’s brain. PAPC increased the monoamine
neurotransmitter level by inhibiting MAO and improved
depression. It promoted neurogenesis and dendrite

Dyslunction of Brain-derved neurotrophic factor (EDNF)
| Decreased neuronal activity

S

=

T ¥

|anvnqmcnluu||

Healthy

£\ _'\

MAQ-A and MAO-B found in naurons and
astroglia catalyze the oxidation of monoamines.

Anthocyaning are potent anticcidants. MAO-A and
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In depression

Increased oxidative siress results in lipid, protein, and DNA damage. This may cause a decrease in Brain-derived neurotrophic factor
(BDNF) and dysfunction in neuronal activity. Furthermare, oxidative stress Increases the production of MAD-A (Monoamine oxidase-A) and
MAD-B (Monoamine oxidase-B) and causes a decrease in the 5 hydroxytryptophans (5-HT) in the synaptic clefi. Both a reduction in the
BDNF and 5-HT can trigger depression-related behaviors. Anthocyanine can help these pathways work properly by reducing oxidative
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Figure 1. MAO and depression (Created by the authors based on information highlighted in the study of Dreiseitel et al. (2009) and Fang et al. (2020))
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development as a result of increasing BDNF (Brain-derived
neurotrophic factor) expression by regulating the ERK/
CREB/BDNF signaling pathway (Figure 1) (18, 22).

2. Methods

Related articles were searched in the Web of Science
database. Studies were systematically and comprehensive
reviewed using inclusion and exclusion criteria (Fig 2). A
combination of the following terms was used to conduct
the search: “Anthocyanidin” OR “Anthocyanidins” OR
“Anthocyanin”OR“Leucoanthocyanidins” AND “depression”.
Inclusion criteria were studies evaluating the relationship
between nutrients and Chronic Fatigue Syndrome (CFS) in
the Englishlanguage and open access articles were scanned
using associated keywords without year limitation. As an
additional step, the references of the last remaining articles
related to the subject were manually scanned. Articles that
did not directly mention the relationship of anthocyanins
to depression and that evaluated all flavonoids in plants
together were excluded (Figure 2).
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Figure 2. Flow chart of the study

3. Results

In this review, the full texts of seven studies were reviewed.
Two of these are human studies, one of these is an in vitro
study, and four are animal studies (Table 1).

Chang et. al. (24) evaluated the flavonoid consumption
of 10752 individuals with incident depression between
the ages of 36-80. The consumption of total flavonoid
and subclasses (anthocyanins, flavones, flavanones,
flavan-3-ols, flavonols, proanthocyanidins, and polymeric
flavonoids) was evaluated every 2-4 years by validated food-
frequency questionnaires. Participants were categorized
into five quintiles based on their flavonoid consumption.
Participants' depression-related symptoms were evaluated
using the 10-item version of the Center for Epidemiologic
Studies Depression (CESD-10), 5-item Mental Health
Index, and the 15-item version of the Geriatric Depression
Scale (GDS-15). It was found that flavonol, flavone, and
flavanone intakes inversely correlated with depression

risk. In a comparison of the consumption of flavonoid-
rich foods among quintiles, the risk of depression in the
quintile 5 group was reduced by 7-10% compared to
the quintile 1 group. According to adjustment for age
and response to the survey, the group with the highest
anthocyanin and proanthocyanidin intake (quintile 5) had
a significantly lower risk for depression than the group
with the lowest intake (quintile 1). The highest anthocyanin
and proanthocyanidin intake group showed significant
reductions in depression symptoms when compared with
the quintile T among participants with late-life depression
(>65 years), as assessed by physician diagnosis, regular
use of antidepressant medications, or severe depressive
symptoms.

Another study (10) examined the relationship between
dietary  flavonoid  consumption and  depression
symptoms among individuals ages 45-69. In this study,
1703 participants were divided into two groups: control
subjects (n = 1703) and depressed subjects (n = 487). A
semi-quantitative food frequency questionnaire was used
to assess daily dietary intake, including macronutrients,
flavonoids and carotenoids. Depressive disorder screening
was conducted using the Beck Depression Inventory-II
and Center for Epidemiologic Studies-Depression Scale.
As a result of the study, it was determined that individuals
with depressive symptoms consumed less total flavonoids
such as anthocyanins, flavonols, and isoflavonoids. While
the mean consumption of Anthocyanin in the control
group was 874 + 0.19, this value was 7.29 + 0.31 in
depressed individuals (p=0.00). According to a multivariate
regression analysis, zeaxanthin, phenolic compounds,
flavones, lycopene, and anthocyanins were negatively
related to depressive symptoms. The study also revealed
that most flavonoids bind strongly to two important
targets in depression, monoamine oxidase A (MAO-A) and
monoamine oxidase B (MAO-B).

Dreiseitel et. al. (23) determined the affinity of anthocyanin
for MAO-A and MAO-B using in vitro evaluation method in
their study. In the study, proanthocyanidins, anthocyanidin-
3-glycosides,  anthocyanidin-  3,5-diglucosides, 25
anthocyanidins, and phenolic metabolites were examined
using a luminometric MAO assay. Anthocyanidins exhibited
the highest inhibition of MAO-A as indicated by their IC50
values (Mean IC50 value is 29.2 + 4.4), Anthocyanidin-3-
glycosides (Mean IC50 value is 36.9 + 5.8), Anthocyanidin-
3,5-diglucosides (Mean IC50 value is 97.3 + 31.0). For
MAO-B, IC50 values indicated the strongest inhibition
by anthocyanidins (Mean IC50 value is 32.7 + 10.5),
Anthocyanidin-3-glycosides (Mean IC50 value is 36.8 + 5.2
). Anthocyanidin-3,5-diglucosides (Mean IC50 value is 155.7
+ 84.4). As a result of the study, it was determined that
anthocyanins and their aglycones can regulate neuronal
activity by inhibiting MAO and provide improvements in
depression-related symptoms.

Varadinova et. al. (25) investigated the pharmacological
activities of anthocyanins on experimental depression
parameters. Forced Swimming Test and 8-arm radial maze
test were applied to Male Wistar rats weighing 270-330g.
The rats were divided into two groups. While aqueous
anthocyanin solution (once daily with anthocyanins
extracted from red wine (Dr. Winfred Berr; 200 mg/kg
p.o) was given to one group, physiological solution was
applied to the another group for 24 days. They were
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Table 1. Summary of studies showing the relationship between anthocyanin and symp of depr
5o
'.‘5 5 Participant Material Evaluation Scale Results
<z
) Age:36-80y  Human Total flovonoid and subclasses were evaluated by validated It has been determined that the risk of depression (especially
S food- frequency questionnaires late-life (>65 years) depression) decreases as the consumption
S 10752 of anthocyanin and proantocyanidine increases.
= incident Depression symptomps were assessed by using Mental Health
] deppression Index, CESD-10 and GDS-15
g, case
H According to the flavonoid consumption of the participants,
S they were divided into 5 quintiles.
Age:45-69y  Human Dietary intake were assessed semi-quantitative food frequency Individuals with depressive symptoms consumed less total
questionnaire. flavonoids such as anthocyanin, flavonols and isoflavonoids.
®o
° E Depressive disorder screening was conducted using the Beck
£9 Depression Inventory- Il and Center for Epidemiologic Studies-
S8 Depression Scale.

. - In vitro Affinity of anthocyanins detected for MAO isoforms A or B. Anthocyanins and their aglycons achieve MAQ inhibition in
R vitro that is compatible with central nervous functionalities
T Using a luminometric MAO assay, 25 anthocyanidins,

28 anthocyanidin-3-glycosides, anthocyanidin- 3,5-diglucosides,
.5 8 proanthocyanidins, and phenolic metabolites were examined.
&3

Specific Animal Purified anthocyanin from purple cauliflower (PAPC) on chronic PAPC treatment significantly improved depression-like
) pathogen- unpredictable mild stress (CUMS) induced mice model of behaviors in mice following CUMS, increased monoamine
2 o free female depression were investigated. neurotransmitter content and inhibited MAQO in the brain.
= mice

S . ) . )

o8 : . : : It also increased the expression of tyrosine receptor kinase B,
£ o After three weeks of CUMS induced, the mice were intragastric L=
) administration with PAPC for six weeks. BDNF, ERK1/2 and CREB in hippocampus.

Male Wistar Animal The rats were divided into two groups. Immobility time was significantly reduced in the anthocyanin
= rats group compared to the stress group.
8 Group 1; Aqueous anthocyanin solution (once daily with Th Its d trat ianificant i tin th
o anthocyanins extracted from red wine (Dr. Winfred Berr; 200 mg/ e (elsu S emorf\shra €a s!gnrlf can Pl]mprovem&;n I'" e
- kg p.o) for 24 days spatia memory o the rgts (is this in t (?8 arm radial maze (est,
: treated with anthocyanins. There is an important decrease in
7} the number of errors done by the Il group compared to the |

Group 2; Physiological solution was applied for 24 days. group.

k They were exposed to light stress for the first 14 days and the

S FST test was performed on the 15th day and the 8-arm radial
>N maze test was performed on the 15th and 25th days.

Adult male Animal Methanol extract containing anthocyanins (MHR) (30 and The animals completed the TST and the FST in less time when
7; S Swiss Albino 100 mg/kg) and anthocyanidins (AHR) (30 and 100 mg/ kg) of given the extract in addition to the medicine.
N Mice Hibiscus rosa-sinensis flowers was used
==
& Mice were evaluated using behavioral tests (TST and FST).
G
Male ICR Animal Mice were fed with standard diet and water ad libitum and were  Proanthocyanidin significantly reduced immobility time in
mice allowed to acclimate 7 days before they were used. both tail suspension and forced swimming tests in a dose-
~ dependent manner.
Iad Mice were administered vehicle, proanthocyanidin (12.5, 25
g «;r:jd 50 'Sglkﬁ) orimipramine (10 mg/kg) for 1 day (Day 1) and Proanthocyanidin produced a marked increase of 5-HT levels
8 ays (Day 7). at 25 and 50 mg/kg
=
o

g Proanthocyanidin exerted an antidepressant effect by affecting

x the monoaminergic neurotransmitter system.

Abrevations: CESD: Center for Epidemiologic Studies Depression; GDS: Geriatric Depression Scale; MAO: monoamine oxidases; BDNF: Brain-derive neurotrophic factor;
ERK1/2: Extracellular-regulated kinase ¥2; CREB: cAMP-responsive binding element; TST: Tail suspension test; FST: Forced swim test

exposed to light stress for the first 14 days and the FST
test was performed on the 15th day and the 8-arm radial
maze test was performed on the 15th and 25th days. The
results demonstrated a significant improvement in the
spatial memory of the rats (is this in the 8 arm radial maze
test), treated with anthocyanins. There was an important
decrease in the number of errors done by the Il group
compared to the | group.

Shewale et. al. (26) evaluated the anti-depressant activity
of methanol extract of Hibiscus rosa-sinensis flowers
containing anthocyanins (MHR) (30 and 100 mg/kg) and
anthocyanidins (AHR) (30 and 100 mg/kg) using adult male
Swiss Albino mice. Behavioral tests such as tail suspension
test (TST) and forced swim test (FST) associated with
depressive symptoms were administered to mice. As the
study group received imipramine (10 mg/kg) (It is a tricyclic
antidepressant used to treat depression) as a positive
control, the results showed similar results to those found

in the imipramine group, with a significant reduction in
immobility time in TST and FST. The extract significantly
decreasedTSTand FST by reducing the effects of Haloperidol,
a D2-like dopamine receptor antagonist, prazosin, an
a-adrenoceptor antagonist, and p-chlorophenyl alanine,
a serotonin synthesis inhibitor. Anthocyanin has been
demonstrated to regulate depression-related behaviors by
affecting dopaminergic, noradrenergic, and serotonergic
systems.

Xu et. al. (27) administered 12.5, 25, and 50 mg/kg of
proanthocyanin or 10 mg/kg imipramine to male ICR
mice and monitored depression-related behaviors using
behavior tests. They also measured 5-hidroksitriptamin
levels in different parts of the brain. Both tail suspension and
forced swimming tests were significantly reduced by oral
administration of proanthocyanidin at doses of 25 and 50
mg/kg for 7 days. Furthermore, proanthocyanidin produced
a marked increase in 5-HT levels when administered at
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25 and 50 mg/kg. Based on the findings of the study,
proanthocyanidin could exert antidepressant effects by
affecting monoaminergic neurotransmitters.

4, Discussion

Mental diseases have a greater burden on health, social
and economic, and cause negative effects on the health of
the individual by causing disability. Depression has a broad
spectrum among mental ilinesses. However, relatively few
longitudinal studies are available to evaluate dietary factors
that may play a significant role in depression’s etiology
(28). In both cross-sectional and longitudinal studies, the
Mediterranean diet and a diet rich in anti-inflammatory and
antioxidant nutrients have been associated with a reduction
in depression risk (29-31). Inflammation may develop as a
result of oxidative stress. Increasing oxidative stress causes
the oxidation of proteins, DNA, lipids, and many molecules
in the body and triggers neuron degeneration, especially in
brain cells. In brain tissues, ROS can regulate synaptic and
non-synaptic communication between neurons, resulting
in neuroinflammation and cell death (32). It is known that
the increase in proinflammatory cytokine levels causes
pathologies in neurotransmitter metabolism. There are
several different mechanisms of inflammation caused
by oxidative stress. One of these is the mechanism by
which increased ROS as a result of decreased tripeptide
glutathione (GSH), an intracellular thiol antioxidant, can
lead to immune response imbalances and inflammation
(33). The release of PRDX2, an intracellular enzyme, is
also induced by inflammation. Upon release, it acts as an
inflammatory mediator redox-dependently, stimulating
macrophages to produce and release tumor necrosis factor-
alpha (TNF-alpha) (34). Kim et al. (31) found that there was
an increase in blood circulation of tumor necrosis factor-a,
interleukin-6, interleukin-13, and other acute phase proteins
in depressed individuals. Similarly, Howren et al. (35) as
a result of their meta-analysis, found that many studies
in the literature emphasized increased proinflammatory
cytokine levels in individuals with depression. Here, it can
be thought that an important mechanism is a pathway
mediated by the endothelial dysfunction that develops
with the release of proinflammatory cytokines (36).
Endothelial cells are cells that secrete BDNF. It is emphasized
that endothelial dysfunction results from inflammation
that causes inhibition of BDNF expression and this causes
neuronal dysfunction (37). BDNF is effective in the proper
functioning of many neuronal mechanisms. It is involved
in the neurogenesis, differentiation, and maturation of
neurotransmitters; A major effect of this substance is
the modulation of synaptic plasticity and the proper
functioning of the central and peripheral nervous systems
(38). Depression is associated with decreased BDNF levels in
the blood samples, prefrontal cortex, and hippocampus (39-
41). Impairments in tryptophan metabolism as a result of
increased levels of proinflammatory cytokines is the second
mechanism in the increase of depressive symptoms due to
inflammation. As an essential amino acid, tryptophan plays
a major role in the production of serotonin. While some of
the tryptophan is metabolized in the liver via kynurenine,
the remaining tryptophan is used for 5-HT synthesis.
In cases where pro-inflammatory cytokines increase,
tryptophan can be oxidized, which impairs serotonergic
neurotransmission in the brain (42). As we emphasized in
our previous review, 5-HT enters the serotonin synthesis
pathway in the presence of pyridoxal 5 phosphate. During

stress and inflammation, instead of serotonin release from
tryptophan, tryptophan 2,3-dioxygenase and indoleamine
2,3-dioxygenase enzymes induce kynurenine synthesis
(43). By causing deterioration in neurotransmitter pathways
and a decrease in BDNF levels in the brain, the metabolic
pathways we highlighted above suggest that oxidative
stress can increase depression symptoms. It is concluded
that a diet rich in antioxidant nutrients can regulate the
symptoms of depression.

In addition to acting as antioxidants, anthocyanins
also increase the activity of the antioxidant enzymes
super superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx). In a study by Bakuradeze et
al. (44) individuals consumed anthocyanin-rich fruit juice
for 8 weeks, and an increase in SOD levels was observed
as a result of the study. They also found a reduction
in CAD enzyme levels in their study. On the contrary,
according to Kuntz et al. (42) the intake of anthocyanin-
rich juices or smoothies increases plasma SOD and CAT
activities, but does not affect SOD activity in erythrocytes
after 14 days. In one study, after consuming 160 mg of
anthocyanins twice daily for 24 weeks, plasma levels of
oxidative stress biomarkers (8-iso-prostaglandin F2a (8-iso-
PGF2a), 13-hydroxyoctadecadienoic acid (13-HODE))
were significantly reduced (p<0.05). Several studies have
demonstrated that anthocyanin activates the endogenous
antioxidant system in diabetics in order to scavenge excess
free radicals and reduce oxidative damage (45). In another
study, one group received a placebo while the other three
groups received 40, 80, and 320 mg of anthocyanins per
day, respectively. At week 12, serum IL-6 and TNF-a and
urine 8-iso-PGF2a were moderately decreased in the group
receiving 40 mg/day anthocyanin supplementation and
were significantly reduced in the group receiving 80 mg/
day anthocyanin supplementation. The group receiving
320 mg/day anthocyanins showed greater improvement
in reducing serum IL-6 and TNF-a, MDA and urinary 8-iso-
PGF2a, 8-OHdG compared to those receiving 80 mg and
40 mg daily. Morever, supplementation with anthocyanin
at 320 mg/day for six weeks significantly improved T-SOD
(p<0.05), although no other cytokines were significantly
improved. Results from these studies demonstrated that
anthocyanin induces anti-inflammatory and antioxidative
effects in a dose-dependent manner (46).

5. Conclusion

In conclusion, in the light of the literature, the mechanism
of inflammation caused by oxidative stress and the
deterioration in neurogenesis due to this was mentioned
above. It is emphasized that increased proinflammatory
cytokine levels in depression may be a trigger for depressive
symptoms. As a consequence, it is hypothesized that an
anti-inflammatory nutrient-rich diet may help patients
suffering from depression to achieve a better outcome.
This review has demonstrated that anthocyanins have
high anti-inflammatory effects in humans, animals, and in
vitro studies, and may be effective in reducing symptoms
associated with depression. It is thought that in individuals
suffering from depression, anthocyanin has been shown to
provide both preventative and therapeutic benefits.

6. Contribution to the Field

In this review, it has been revealed in the light of various
human, animal and in vitro studies that anthocyanins
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have high anti-inflammatory effects and may be effective
in reducing symptoms associated with depression.
Anthocyanin is thought to provide both preventive
and therapeutic benefits in individuals suffering from
depression. Anthocyanin's importance in depression is
clear, but studies are limited. Therefore, we think that this
review will shed light on future studies.

Conflict of Interest

There is no conflict of interest regarding any person and/or
institution.

Authorship Contribution

Concept: GA, EK; Design: GA, EK; Supervision: GA, EK;
Funding: GA, EK; Materials: GA, EK; Data Collection/
Processing: GA, EK; Analysis/Interpretation: GA, EK, AHD;
Literature Review: EK, GA; Manuscript Writing: EK, GA, FY,
SUH, AHD; Critical Review EK, GA.

References

1. Helvaci Celik F, Hocaoglu C. Major Depresif Bozukluk Tanimi, Etyolojisi
ve Epidemiyolojisi: Bir Gézden Gegirme. J Contemp Med [Internet].
2016;6(1). Available from: http://dergipark.gov.tr/doi/10.16899/ctd.03180

2. WHO. Depression and other common mental disorders: global health
estimates [Internet]. Geneva PP - Geneva: World Health Organization;
2017. Available from: https://apps.who.int/iris/handle/10665/254610

3. XiongJ, LipsitzO, NasriF, LuiLMW, GillH,PhanL, etal.Impact of COVID-19
pandemic on mental health in the general population: A systematic
review. J Affect Disord [Internet]. 2020 Dec;277:55-64. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0165032720325891

4. Racine N, McArthur BA, Cooke JE, Eirich R, Zhu J, Madigan S. Global
Prevalence of Depressive and Anxiety Symptoms in Children and
Adolescents During COVID-19. JAMA Pediatr [Internet]. 2021 Nov
1;175(11):1142.  Available from: https://jamanetwork.com/journals/
jamapediatrics/fullarticle/2782796

5. Kris-Etherton PM, Petersen KS, Hibbeln JR, Hurley D, Kolick V, Peoples
S, etal. Nutrition and behavioral health disorders: depression and anxiety.
Nutr Rev [Internet]. 2021 Feb 11;79(3):247-60. Available from: https://
academic.oup.com/nutritionreviews/article/79/3/247/5843529

6. Ozenoglu A. Duygudurumu, Besin ve Beslenme lliskisi. Acibadem
Univ Saglik Bilim Derg [Internet]. 2018 Jan 1;0-0. Available from: http://
acibadem.dergisi.org/pdf/pdf_AUD_483.pdf

7. Yildinm H. Nutrition in Patients with Mental Health Disorders. Turkiye
Klin. 2021;77-81.

8. Yoldas Ilktas I, Hizli H. Nutrition and positive power. Turkiye Klin.
2019;26-30.

9. Ali S, Corbi G, Maes M, Scapagnini G, Davinelli S. Exploring the Impact
of Flavonoids on Symptoms of Depression: A Systematic Review and
Meta-Analysis. Antioxidants [Internet]. 2021 Oct 20;10(11):1644. Available
from: https://www.mdpi.com/2076-3921/10/11/1644

10. Park S-J, JaiswalV, Lee H-J. Dietary Intake of Flavonoids and Carotenoids
Is Associated with Anti-Depressive Symptoms: Epidemiological Study
and In Silico—Mechanism Analysis. Antioxidants [Internet]. 2021 Dec
27;11(1):53. Available from: https://www.mdpi.com/2076-3921/11/1/53

11. Liu J, Zhou H, Song L, Yang Z, Qiu M, Wang J, et al. Anthocyanins:
Promising Natural Products with Diverse Pharmacological Activities.
Molecules [Internet]. 2021 Jun 22;26(13):3807. Available from: https://
www.mdpi.com/1420-3049/26/13/3807

12. Kapoor L, Simkin AJ, George Priya Doss C, Siva R. Fruit ripening:
dynamics and integrated analysis of carotenoids and anthocyanins.
BMC Plant Biol [Internet]. 2022 Dec 11;22(1):27. Available from: https://
bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-021-03411-w

Akduman ve ark, Potential effects of anthocyanin on depression: A review

13. Lee Y-M, Yoon Y, Yoon H, Park H-M, Song S, Yeum K-J. Dietary
Anthocyanins against Obesity and Inflammation. Nutrients [Internet].
2017 Oct 1;9(10):1089. Available from: http://www.mdpi.com/2072-
6643/9/10/1089

14. Jesulola E, Micalos P, Baguley 1J. Understanding the pathophysiology
of depression: From monoamines to the neurogenesis hypothesis
model - are we there yet? Behav Brain Res [Internet]. 2018 Apr;341:79-
90. Available  from:  https://linkinghub.elsevier.com/retrieve/pii/
50166432817318521

15. Spohr L, Luduvico KP, Soares MSP, Bona NP, Oliveira PS, de Mello
JE, et al. Blueberry extract as a potential pharmacological tool for
preventing depressive-like behavior and neurochemical dysfunctions in
mice exposed to lipopolysaccharide. Nutr Neurosci [Internet]. 2022 Apr
3;25(4):857-70. Available from: https://www.tandfonline.com/doi/full/10.
1080/1028415X.2020.1819104

16. Ramos-Hryb AB, Cunha MP, Kaster MP, Rodrigues ALS. Natural
Polyphenols and Terpenoids for Depression Treatment: Current
Status. In: Studies in Natural Products Chemistry [Internet]. 2018. p.
181-221. Available from: https://linkinghub.elsevier.com/retrieve/pii/
B9780444640680000061

17. Kontogianni MD, Vijayakumar A, Rooney C, Noad RL, Appleton KM,
McCarthy D, et al. A High Polyphenol Diet Improves Psychological Well-
Being: The Polyphenol Intervention Trial (PPhIT). Nutrients [Internet].
2020 Aug 14;12(8):2445. Available from: https://www.mdpi.com/2072-
6643/12/8/2445

18. Gamage E, Orr R, Travica N, Lane MM, Dissanayaka T, Kim JH, et al.
Polyphenols as novel interventions for depression: Exploring the efficacy,
mechanisms of action, and implications for future research. Neurosci
Biobehav Rev [Internet]. 2023 Aug;151:105225. Available from: https://
linkinghub.elsevier.com/retrieve/pii/S014976342300194X

19. Fang J-L, Luo Y, Jin S-H, Yuan K, Guo Y. Ameliorative effect
of anthocyanin on depression mice by increasing monoamine
neurotransmitter and up-regulating BDNF expression. J Funct Foods
[Internet]. 2020 Mar;66:103757. Available from: https://linkinghub.
elsevier.com/retrieve/pii/S1756464619306814

20.Khalifal,ZhuW, LiK, Li C. Polyphenols of mulberry fruits as multifaceted
compounds: Compositions, metabolism, health benefits, and stability—A
structural review. J Funct Foods [Internet]. 2018 Jan;40:28-43. Available
from: https://linkinghub.elsevier.com/retrieve/pii/S1756464617306527

21. Xie L, Su H, Sun C, Zheng X, Chen W. Recent advances in
understanding the anti-obesity activity of anthocyanins and their
biosynthesis in microorganisms. Trends Food Sci Technol [Internet]. 2018
Feb;72:13-24. Available from: https://linkinghub.elsevier.com/retrieve/
pii/S092422441730626X

22, Nabavi SM, Daglia M, Braidy N, Nabavi SF. Natural products,
micronutrients, and nutraceuticals for the treatment of depression:
A short review. Nutr Neurosci [Internet]. 2017 Mar 16;20(3):180-94.
Available from: https://www.tandfonline.com/doi/full/10.1080/102841
5X.2015.1103461

23. Dreiseitel A, Korte G, Schreier P, Oehme A, Locher S, Domani M, et al.
Berry anthocyanins and their aglycons inhibit monoamine oxidases A
and B. Pharmacol Res [Internet]. 2009 May;59(5):306-11. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S1043661809000449

24. Chang S-C, Cassidy A, Willett WC, Rimm EB, O'Reilly EJ, Okereke Ol.
Dietary flavonoid intake and risk of incident depression in midlife and older
women. Am J Clin Nutr [Internet]. 2016 Sep 1;104(3):704-14. Available
from: https://academic.oup.com/ajcn/article/104/3/704/4564688

25, Varadinova M, Drenska D, Boyadjieva N. Effects of anthocyanins on
experimental depression in male rats. COMPTES RENDUS-ACADEMIE
Bulg DES Sci. 2007;60(6):697-700.

26.ShewaleP, HirayY, Patil R. Antidepressant-like activity of anthocyanidins
from Hibiscus rosa-sinensis flowers in tail suspension test and forced
swim test. Indian J Pharmacol [Internet]. 2012;44(4):454. Available from:
http://www.ijp-online.com/text.asp?2012/44/4/454/99303

27.XuY, Li S, Chen R, Li G, Barish PA, You W, et al. Antidepressant-like

296

izmir Katip Celebi Universitesi Saglik Bilimleri Fakiltesi Dergisi 2024;9(2): 291-297



Akduman ve ark, Potential effects of anthocyanin on depression: A review

effect of low molecular proanthocyanidin in mice: Involvement of
monoaminergic system. Pharmacol Biochem Behav [Internet]. 2010
Jan;94(3):447-53.  Available from: https://linkinghub.elsevier.com/
retrieve/pii/S0091305709003074

28. Sanchez-Villegas A, Martinez-Gonzdlez MA. Diet, a new
target to prevent depression? BMC Med [Internet]. 2013 Dec
3;11(1):3.  Available from: http://bmcmedicine.biomedcentral.com/
articles/10.1186/1741-7015-11-3

29. Psaltopoulou T, Sergentanis TN, Panagiotakos DB, Sergentanis IN,
Kosti R, Scarmeas N. Mediterranean diet, stroke, cognitive impairment,
and depression: A meta-analysis. Ann Neurol [Internet]. 2013 Oct
16;74(4):580-91.  Available  from: https://onlinelibrary.wiley.com/
doi/10.1002/ana.23944

30. Oddo VM, Welke L, McLeod A, Pezley L, Xia Y, Maki P, et al. Adherence
to a Mediterranean Diet Is Associated with Lower Depressive Symptoms
among U.S. Adults. Nutrients [Internet]. 2022 Jan 11;14(2):278. Available
from: https://www.mdpi.com/2072-6643/14/2/278

31. Lassale C, Batty GD, Baghdadli A, Jacka F, Sdnchez-Villegas A, Kivimaki
M, et al. Healthy dietary indices and risk of depressive outcomes: a
systematic review and meta-analysis of observational studies. Mol
Psychiatry [Internet]. 2019 Jul 26;24(7):965-86. Available from: http://
www.nature.com/articles/s41380-018-0237-8

32. Popa-Wagner A, Mitran S, Sivanesan S, Chang E, Buga A-M. ROS and
Brain Diseases: The Good, the Bad, and the Ugly. Oxid Med Cell Longev
[Internet]. 2013;2013:1-14. Available from: http://www.hindawi.com/
journals/omcl/2013/963520/

33. Fratelli M, Demol H, Puype M, Casagrande S, Eberini I, Salmona M,
et al. Identification by redox proteomics of glutathionylated proteins
in oxidatively stressed human T lymphocytes. Proc Natl Acad Sci U S A.
2002;99(6):3505-10.

34, Salzano S, Checconi P, Hanschmann E-M, Lillig CH, Bowler LD, Chan
P, et al. Linkage of inflammation and oxidative stress via release of
glutathionylated peroxiredoxin-2, which acts as a danger signal. Proc
Natl Acad Sci [Internet]. 2014 Aug 19;111(33):12157-62. Available from:
https://pnas.org/doi/full/10.1073/pnas.1401712111

35. Howren MB, Lamkin DM, Suls J. Associations of Depression With
C-Reactive Protein, IL-1, and IL-6: A Meta-Analysis. Psychosom Med
[Internet]. 2009 Feb;71(2):171-86. Available from: https://journals.lww.
com/00006842-200902000-00006

36. Cho JG, Lee A, Chang W, Lee M-S, Kim J. Endothelial to Mesenchymal
Transition Represents a Key Link in the Interaction between Inflammation
and Endothelial Dysfunction. Front Immunol [Internet]. 2018 Feb
20;9. Available from: http://journal.frontiersin.org/article/10.3389/
fimmu.2018.00294/full

37. Guo S, Kim WJ, Lok J, Lee S-R, Besancon E, Luo B-H, et al.
Neuroprotection via matrix-trophic coupling between cerebral
endothelial cells and neurons. Proc Natl Acad Sci [Internet]. 2008 May
27;99(6):3505-10. Available from: https://pnas.org/doi/full/10.1073/
pnas.0801105105

38. Bocchio-Chiavetto L, Bagnardi V, Zanardini R, Molteni R, Gabriela
Nielsen M, Placentino A, et al. Serum and plasma BDNF levels in major
depression: A replication study and meta-analyses. World J Biol Psychiatry
[Internet]. 2010 Sep 25;11(6):763-73. Available from: http://www.
tandfonline.com/doi/full/10.3109/15622971003611319

39. Dwivedi Y, Rizavi HS, Conley RR, Roberts RC, Tamminga CA, Pandey
GN. Altered Gene Expression of Brain-Derived Neurotrophic Factor and
Receptor Tyrosine Kinase B in Postmortem Brain of Suicide Subjects. Arch
Gen Psychiatry [Internet]. 2003 Aug 1;60(8):804. Available from: http://
archpsycjamanetwork.com/article.aspx?doi=10.1001/archpsyc.60.8.804

40.YuH, Chen Z.The role of BDNF in depression on the basis of its location
in the neural circuitry. Acta Pharmacol Sin [Internet]. 2011 Jan 6;32(1):3-
11. Available from: http://www.nature.com/articles/aps2010184

41. Karlovi¢ D, Serretti A, Jevtovi¢ S, Vrki¢ N, Seri¢ V, Peles AM. Diagnostic
accuracy of serum brain derived neurotrophic factor concentration in
antidepressant naive patients with first major depression episode. J
Psychiatr Res [Internet]. 2013 Feb;47(2):162-7. Available from: https://
linkinghub.elsevier.com/retrieve/pii/5002239561200297X

42, Zhang J, Yao W, Hashimoto K. Brain-derived Neurotrophic Factor
(BDNF)-TrkB Signaling in Inflammation-related Depression and Potential
Therapeutic Targets. Curr Neuropharmacol [Internet]. 2016 Aug
26;14(7):721-31. Available from: http://www.eurekaselect.com/openurl/
content.php?genre=article&issn=1570-159X&volume=14&issue=7&spa
ge=721

43. Kurtbeyoglu E, Akduman G, Glines FE. A Different View of Nutrition in
Depression:The Importance of Nutrients on Physiopathological Pathways.
Turkiye Klin J Heal Sci [Internet]. 2021;6(2):320-8. Available from: https://
www.turkiyeklinikleri.com/article/en-a-different-view-of-nutrition-
in-depression-the-mportance-of-nutrients-on-physiopathological-
pathways-90272.html

44, Bakuradze T, Tausend A, Galan J, Groh IAM, Berry D, Tur JA, et al.
Antioxidative activity and health benefits of anthocyanin-rich fruit juice in
healthy volunteers. Free Radic Res [Internet]. 2019 Aug 12;53(sup1):1045-
55. Available from: https://www.tandfonline.com/doi/full/10.1080/10715
762.2019.1618851

45. Li D, Zhang Y, Liu Y, Sun R, Xia M. Purified Anthocyanin
Supplementation Reduces Dyslipidemia, Enhances Antioxidant Capacity,
and Prevents Insulin Resistance in Diabetic Patients. J Nutr [Internet].
2015 Apr 1;145(4):742-8. Available from: https://academic.oup.com/jn/
article/145/4/742/4585720

46. Zhang H, Xu Z, Zhao H, Wang X, Pang J, Li Q, et al. Anthocyanin
supplementation improves anti-oxidative and anti-inflammatory
capacity in a dose-response manner in subjects with dyslipidemia. Redox
Biol [Internet]. 2020 May;32:101474. Available from: https://linkinghub.
elsevier.com/retrieve/pii/S2213231720300549.

izmir Katip Celebi Universitesi Saglik Bilimleri Fakiiltesi Dergisi 2024; 9(2): 291-297

297



