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Depressive disorders are among the most disabling diseases experienced around the world. The search for new
pharmacological alternatives to treat depression is a global priority. In preclinical research, molecules obtained from
plants, such as flavonoids, have shown promising antidepressant-like properties through several mechanisms of action
that have not been fully elucidated, including crossing of the blood brain barrier (BBB).
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| 1. Searching for Alternatives to Antidepressant Drugs

Despite the great advances in pharmacological research on antidepressant drugs, even during the latency period with
new treatments patients continue suffering from depressive symptoms and some even drop out of treatment @, In
addition, some patients have an increased risk of suicide during the first week of pharmacological treatment 2. These
characteristics drive the search for new active compounds with faster effects such as probiotics &l or ketamine, whose
effects are related to rapid molecular neuroplasticity; however, their clinical use is unfortunately limited by its poor safety
and development of pharmacological tolerability 4. As a consequence, the identification, evaluation, and development
of new antidepressant substances with improved efficacy and apparently fewer side effects has become the main
objective of numerous studies (€,

In this sense, the study of phytochemical compounds, such as flavonoids, is a growing field in neuropharmacology

research 8, especially due to their impact on the central nervous system (CNS), including their potential antidepressant-
like effects [EI9ILA],

| 2. Pharmacokinetics of Flavonoids and Their Entry into the CNS

Most flavonoids are present in food in their O-glycoside form, with glucose being the most common B-linked residue, but
glucoramnose, galactose, arabinose, and rhamnose are also present L1, Once they are ingested and before entering the
general circulation, these glycosides can undergo deglycosylation (hydrolysis), which takes place in either the small or
large intestines depending on the type of sugar 2. This process is carried out by two B-glucosidase enzymes: lactase-
phlorizin hydrolase, which hydrolyzes lactose, glucose, and galactose, and cytosolic B-glycosidase, which has specificity
dependent on the aglycone moiety (13]. The next step is the passive diffusion of the flavonoid aglycones through epithelial
cells 141 |n this sense, isoflavones are the most efficiently absorbed, while flavanols and flavanones are intermediately
absorbed, and proanthocyanins and anthocyanins are poorly absorbed 21,

After absorption, flavonoids are transported to the liver for further metabolism through different conjugation reactions such
as O-methylation, sulfation, and glucuronidation. Due to flavonoids having a high conjugation capacity, their concentration
in plasma is generally low 1. These metabolites can also undergo oxidative metabolism mediated by cytochrome P450
enzymes. Likewise, metabolism can be carried out through bacteria in the colon, which hydrolyzes the parent, and in the
upper part of the intestine unmetabolized flavonoids as well as their glucuronides and sulfates can be found. Some
research has reported that conjugation reactions with glucuronic acid and/or sulfate are the most common for flavonoids.
Finally, because of the metabolism of flavonoids, more hydrophilic compounds are obtained and hence eliminated through
different routes. In the case of flavonoids, elimination in the bile is quantitatively the most important elimination route 21,

On the other hand, despite some research showing that diets rich in flavonoids have various therapeutic effects both at
the systemic level and in the CNS [X8I7I18I19]  most studies have reported the presence of these compounds and their
metabolites at the peripheral level, but little has been explored with respect to their bioavailability in the brain and the
mechanisms that facilitate their transport through the blood—brain barrier (BBB) 22,



Epicatechin (a flavanol found mostly in cocoa and green tea) and its methylated form (3'-O-methyl epicatechin) were
found in the brains of rats after (1, 5, and 10 days) its oral administration (100 mg/kg body weight/d) 2. The capacity of
epicatechin and its metabolite to cross the BBB in an in vitro model hCMEC/D3c cell culture has also been evaluated.
Both were found to cross the BBB in a time-dependent manner (at 3 and 18 h), although with higher efficiency for the
methylated metabolite. This suggests that the transport process involved is likely passive diffusion, since methylated
molecules are more lipophilic than unconjugated epicatechin and, therefore, more easily cross the BBB 24,

Similarly, quercetin and its metabolite (3-O-glucuronyl-quercetin; 50 mg/kg body wt; p.o.) were found in rat brain tissue in
a capillary endothelial cell line [3!: its transportation through the BBB was also evaluated. In this sense, it was found that
quercetin and its glucuronidated form crossed the BBB (a model cell line hCMEC/D3), increasing its concentration as time
passed (over 1, 3, and 18 h). However, its metabolite showed a faster rate (22],

Interestingly, in the case of anthocyanins, these compounds have only been identified intact or glycosylated
(unconjugated) in the CNS 241251 Three anthocyanins were evaluated: delphinidin-3-O-glucoside (Dp-3-gl), cyanidin-3-O-
glucoside (Cy-3-gl), and malvidin-3-O-glucoside (Mv-3-gl), and all crossed hCMEC/D3 cells in a time-dependent manner
(over 1, 3, and 18 h) but showed different efficiencies associated with their hydrophilicity. Dp-3-gl is the most hydrophilic
and, therefore, least efficient of the three derivatives, which suggests the influence in which the polarity of anthocyanins
plays in their transport through the BBB 22, |n addition, the neuroprotective effects of flavonoids could possibly be mainly
exerted by their conjugated metabolites, considering that a mixture of different conjugated quercetin metabolites was
shown to exert more effective antihypertensive effects than the isolated molecule 28!,

3. Participation of Serotonergic System in the Antidepressant-like Effect
of Flavonoids

Diverse preclinical studies have evaluated the effect of flavonoids in promoting the development of new alternatives for
treating depression €. In this sense, the antidepressant-like effect produced by flavonoids has been demonstrated using
animal models of depression such as the FST, TST, or sucrose water consumption test 27, among others. These effects
are associated with the modulation of several neurotransmission systems such as noradrenergic, dopaminergic, and
serotonergic (28129, Table 1 summarizes the findings regarding the antidepressant potential of some flavonoids that exert
their action through the serotonergic system, which has been extensively related to the etiology of depression and the
mechanism of action of antidepressant drugs [22[2031],

Table 1. Flavonoids with antidepressant-like effects and their action on the serotonergic system.

Flavonoid Experl_mental Treatment Behavioral Effect on Serotonergic Reference
Subjects Effect System
L TTIin FST
Astilbin Adult male :;07"307(?“0; :'(?r and TST 1 5-HT in frontal cortex &2
(taxifolin-3-O-rhamnoside) C57BLI6J mice 9 ” f d:"s 1 Sucrose
Y intake
0.1,0.3,and 1 Pretreatment with pCPA
Male adult Swiss :glk:go(:r;fiz L TTIin FST (100 Ir:?l’ekr?t,sl'p.) [33]
mice o and TST P .
before antidepressant-like
behavioral test effect
Adult male Wistar
Hesperidin rats with 25, 50, and 100
@35 7-trihydr2xyflavanone-7- hyperglycemia mglkg (p.o.) for | TTlin FST + Brain levels of 5-HT [24]
rhamnoglucoside) induced by. 21 days
streptozotocin
Male Swiss Albino 1 mglkg (i.p.) L TTlin FST 1 5-HT in HP and [35]
mice for 14 days and TST cerebral cortex
20, 50, and 100 1 Sucrose .
Old male Sprague- mglkg (i.p.) for intake 1 5-HT in HP, PFC, and [26]

Dawley rats amygdala

14 days L TTIin FST



Flavonoid

Rutin
(quercetin-3-O-
rhamnosylglucoside)

Icariin

(7-(B-D-Glucopyranosyloxy)-5-

hydroxy-4’-methoxy-8-(3-

methylbut-2-en-1-yl)-3-(a-L-

rhamnopyranosyloxy)
flavone)

Orientin
(luteolin-8-C-glucoside)

Hyperoside
(quercetin 3-galactoside)

Quercetin

Fisetin

Vixetin
(apigenin-8-C-
glucopyranoside)

Apigenin

Naringenin

(4',5,7-trihydroxyflavanone-7-

rhamnoglucoside)

Silibinin

Experimental
Subjects

Male Swiss mice

Five weeks old
male Sprague
Dawley rats

Adult male Wistar
rats

Adult male
Kunming mice

Male Albino Swiss
mice

Male Swiss Albino
mice

Male ICR mice

Adult male BALBIc
mice

Male ICR mice

Albino mice (either
sex)

Male ICR mice

Three months old
BALBI/c male mice

6-8 weeks old
Kunming mice

Eight weeks old
male Sprague
Dawley rats

Treatment

0.01,0.1,0.3,1,
3,and 10
mgl/kg (p.o.) 60
min before the
behavioral test

225 mglkg
(p.o.) for 28
days

30 and 60
mglkg (p.o.) for
5 weeks

20 and 40

mglkg (p.o.) 3
weeks

3.75 mglkg
(i.p.) 60 min
before the
behavioral test

25 mglkg (p.o.)
for 4 weeks

10 and 20
mgl/kg (p.o.) 60
min before
behavioral test

10, 20, and 30
mgl/kg (p.o.) 60
min before
behavioral test

7, 10, 14, and
20 mgl/kg (p.o.)
for 2 weeks

25 and 50
mglkg (p.o.) 24,
5,and1h
before the
behavioral test

10, 20, and 50
mgl/kg (p.o.) 60
min before the
behavioral test

25, 50, and 100
mglkg (p.o.) for
14 days

100, 200, and
400 mglkg
(p.o.) for 3

weeks

25, 50, and 100
mglkg (i.p.) for
14 days

Behavioral
Effect

L TTlin FST

LTTI
1
Swimming
time in FST

t Sucrose
intake

t Sucrose
intake

I TTIin FST
and TST

LTTlin FST
and TST

L TTlin FST
and TST

LTTlin FST
and TST

I TTIin FST
1 Sucrose
intake

LTTHin TST
and FST

L TTIin TST

1 Sucrose
intake
L TTlin FST

L TTIin TST
and FST

L TTlin the
FST
t Sucrose
intake

Effect on Serotonergic
System

Pretreatment with pCPA
(100 mglkg, i.p.)
prevents
antidepressant-like
effect

1 5-HT in frontal cortex,
HP, striatum, and
amygdala

t 5-HT14 mMRNA levels
in HP and frontal cortex

1 5-HT in HP and
PFC

Pretreatment with pCPA
(100 mglkg, i.p.)
prevented
antidepressant-like
effect of hyperoside

1 Brain levels of 5-HT

1 5-HT in frontal cortex
and HP

Pretreatment with NAN
190, a 5-

HT1a antagonist (0.5
mglkg, i.p.) prevented
antidepressant-like
effect of vixetin

1 5-HT in PFC, HP,
hypothalamus and
nucleus accumbens of
rats exposed to CMS

Pretreatment with pCPA
(100 mglkg, i.p.)
prevented
antidepressant-like
effect of apigenin

Pretreatment with pCPA
(100 mglkg, i.p.)
prevented
antidepressant-like
effect of naringenin

1 5-HT in cortex and HP

1 5-HT in PFC and HP

1 5-HT in HP and
amygdala, and
enhanced expression
of TpH-1 mRNA in HP

Reference

[37]

[38]

[39]

[40]

[41]

(201

[30]

[42]

[43]

[44]

[45]

[46]

[471

[48]



Experimental Behavioral Effect on Serotonergic

Flavonoid Subjects Treatment Effect System Reference
5 and 20 mg/kg
Male C57B/6J mice (p.o.) for 14 | TTIin FST t 5-HT in HP 29
days
Adult female 20 mg/kg (p.o.) ! TTlin FST . [49]
Chrysin C57BLI/6 mice for 28 days and TST 1 5-HT in PFC and HP
| 5-HT1a and 5-
Male Wistar rats 5 mglkg (p-0.) L TTIin FST HT2a mRNA in raphe (501
for 28 days nucleus
1 5-HT1a mRNA in HP
Pretreatment with WAY
100,635
(7.1 mglkg, s.c., a
serotonin 5-
25, 50, and 100 HTa4 receptor
U . antagonist) and
. . mglkg (p.0.) 60 | TTlin FST . [51]
Nobiletin Male ICR mice min before the and TST cypr(_)heptadlne 3 _
behavioral test mglkg, i.p., a serotonin
5-HT,
receptor antagonist)
prevented
antidepressant-like
effect of Nobiletin
Liquiritin
(7-Hydroxyflavanone 4'-O- 10, 20, and 40 + 5-HT in HP.
glucoside) and Mice mgl/kg (p.0.)30 | TTlin FST h othalamu’s [52]
Isoliquiritin (2',4,4'- min before the and TST {;d cortex
Trihydroxychalcone 4- behavioral test

glucoside)

i.p. = intraperitoneally; p.o. = per oral rout; 1 = the variable was increased; | = the variable was decreased; TTI = total time
of immobility; 5-HT = serotonin; HP = hippocampus; PFC = prefrontal cortex; FST = forced swim test; TST = tail
suspension test; pCPA = p-chlorophenylalanine methyl ester; CMS = chronic mild stress; 5-HT15 = 5-hydroxytryptamine
1A receptor; 5-HT,a = 5-hydroxytryptamine 2A receptor CUMS = chronic unpredictable mild stress.

Concerning this, hesperidin, a flavonoid abundant in highly consumed citrus fruits such as oranges and lemons, is
capable of crossing the BBB 23] and produces anti-inflammatory, antioxidant, and neuroprotective effects B354l |t has
also been reported to produce antidepressant-like effects in murine models, e.g., the acute or chronic administration of 1
mg/kg hesperidin to mice or chronic administration of 20, 50, and 100 mg/kg hesperidin to rats reduced the immobility
time in FST and TST B33 and increased sucrose intake 22 and 5-HT concentrations in the HP, PFC, and amygdala £2!
(361 while the pretreatment with p-chlorophenylalanine methyl ester (pCPA), a selective inhibitor of tryptophan
hydroxylase, an important enzyme in the biosynthesis of serotonin, prevents the antidepressant-like effect of hesperidin
[33]

Similarly, in preclinical research on mice, the acute administration of 10 and 20 mg/kg fisetin 2%, a flavonoid found in fruits
such as apples and strawberries, or acute (10, 20, and 50 mg/kg) “2 or chronic (25, 50, and 100 mg/kg) “& naringenin,
the predominant flavonoid in grapefruit, produces antidepressant-like effects, which are associated with increased 5-HT in
the frontal cortex and HP that are abolished through pretreatment with pCPA [B1I451148] \yhich implicates the serotonergic
system in its pharmacological and behavioral effects.

In complement, chronic administration of apigenin (7 and 50 mg/kg) 4443l or (5 and 20 mg/kg) chrysin 42B3] hoth
flavonoids from plants Passiflora incarnata and Matricaria chamomilla, also increased motivation behaviors—less
immobility in FST and TST and higher consumption of sucrose—mediated by the serotonergic system, with higher
concentrations of 5-HT in the PFC, HP, and nucleus accumbens, all effects that were prevented by pretreatment with
PCPA or ondansetron, a serotonin 5-HT3 receptor antagonist 4349561 important effects if we consider that these brain
structures are involved in the physiopathology of depression and are pharmacological targets of antidepressant drugs
(i.e., SSRIs, tricyclics, and MAOIS).

The data show that flavonoids have antidepressant-like effects that are related to the modulation of the serotonergic
system, similar to that observed with clinical antidepressant drugs, highlighting the potential utility of flavonoids to produce
therapeutic effects in humans.



| 4. BDNF Implicated in the Antidepressant-like Effect of Flavonoids

Several flavonoids exert different mechanisms through which they can modulate the brain-derived neurotrophic factor
(BDNF) system and are therefore able to contribute to their antidepressant-like effect [EIE7E8], Among these flavonoids are
hesperidin, apigenin, astibilin, bacalein, chrysin, dihydromyricetin, hyperoside, icariin, 7,8-dihydroxyflavone, myricetin,
naringenin, naringenin, orientin, and silibinin (28], Table 2 summarizes the actions on BDNF related to the antidepressant-
like effect of flavonoids.

Table 2. Role of BDNF in the antidepressant-like effect of flavonoids.

Experimental

Behavioral

Effect on Serotonergic

Flavonoid Subjects Treatment Effect System Reference
o 10,20,and40 ' 1INFST
Astilbin Adult male mglkg (i.p.) for and TST 1 5-HT in frontal cortex 221
(taxifolin-3-O-rhamnoside) C57BLI6J mice 97kg u1-p- t Sucrose
21 days X
intake
0.1,0.3,and 1 Pretreatment with pCPA
Male adult Swiss mglkg (|.p..) L TTlin FST (100 mglkg, i.p.) [23]
. S.D. 30 min prevents
mice and TST . .
before antidepressant-like
behavioral test effect
Adult male Wistar
Hesperidin rats with 25, 50, and 100
(3,5,7-trihydroxyflavanone-7- hyperglycemla mglkg (p.o.) for | TTlin FST t Brain levels of 5-HT
. induced by 21 days
rhamnoglucoside) .
streptozotocin
Male Swiss Albino 1 mglkg (i.p.) L TTIin FST t 5-HT in HP and [35]
mice for 14 days and TST cerebral cortex
Old male Sprague- 20, 50, e?nd 100 ! _Sucrose t 5-HT in HP, PFC, and [26]
Dawley rats mglkg (i.p.) for intake amygdala
y 14 days | TTlin FST ve
0.01, 0.1,0.3, 1, Pretreatment with pCPA
3,and 10 (200 mglkg, i.p.)
Male Swiss mice mgl/kg (p.0.) 60 | TTlin FST prevents (&7
. min before the antidepressant-like
Rutin -
- behavioral test effect
(quercetin-3-O-
rhamnosylglucoside) LTI
Five weeks old 225 mglkg A 1 5-HT in frontal cortex,
male Sprague (p.o.) for 28 . . HP, striatum, and =8
Dawley rats days Swimming amygdala
time in FST
Icariin
(7-(B-D-Glucopyranosyloxy)-5- 30 and 60
hydroxy-4'-methoxy-8-(3- Adult male Wistar mglkg (p.0.) for t Sucrose 1 5-HT14o mMRNA levels [39]
methylbut-2-en-1-yl)-3-(a-L- rats 91xg (p.o. intake in HP and frontal cortex
5 weeks
rhamnopyranosyloxy)
flavone)
Orientin Adult male mzlokan(d io) 3 t Sucrose 1 5-HT in HP and [40]
(luteolin-8-C-glucoside) Kunming mice 9'kg {p-o. intake PFC
weeks
3.75 mglkg Pret(rle:(t)mnfnltkwuih p)CPA
Hyperoside Male Albino Swiss (i.p.) 60 min L TTlin FST 9’Kg, L.p. [41]
. . . prevented
(quercetin 3-galactoside) mice before the and TST . .
. antidepressant-like
behavioral test .
effect of hyperoside
. Male Swiss Albino 25 mglkg (p.o.) | TTlin FST . [10]
Quercetin mice for 4 weeks and TST + Brain levels of 5-HT
10 and 20
L . mgl/kg (p.0.) 60 | TTlin FST 1 5-HT in frontal cortex [30]
Fisetin Male ICR mice min before and TST and HP

behavioral test



Experimental

Flavonoid Subjects

Vixetin
(apigenin-8-C-
glucopyranoside)

Adult male BALBIc
mice

Male ICR mice

Apigenin
Albino mice (either
sex)
Male ICR mice
Naringenin

(4',5,7-trihydroxyflavanone-7-
rhamnoglucoside)

Three months old
BALBI/c male mice

6-8 weeks old
Kunming mice

Silibinin
Eight weeks old
male Sprague
Dawley rats
Male C57B/6J mice
Adult female
Chrysin C57BLI/6 mice
Male Wistar rats
Nobiletin Male ICR mice
Liquiritin

(7-Hydroxyflavanone 4'-O-
glucoside) and
Isoliquiritin (2',4,4'-
Trihydroxychalcone 4-
glucoside)

Mice

Treatment

10, 20, and 30
mgl/kg (p.o.) 60
min before
behavioral test

7, 10, 14, and
20 mg/kg (p.o.)
for 2 weeks

25 and 50
mglkg (p.o.) 24,
5,and1h
before the
behavioral test

10, 20, and 50
mgl/kg (p.o.) 60
min before the
behavioral test

25, 50, and 100
mgl/kg (p.o.) for
14 days

100, 200, and
400 mglkg
(p.o.) for 3

weeks

25, 50, and 100
mglkg (i.p.) for
14 days

5 and 20 mgl/kg
(p.o.) for 14
days

20 mgl/kg (p.o.)
for 28 days

5 mgl/kg (p.o.)
for 28 days

25, 50, and 100
mgl/kg (p.o.) 60
min before the
behavioral test

10, 20, and 40
mgl/kg (p.o.) 30
min before the
behavioral test

Behavioral Effect on Serotonergic

Effect System Reference
Pretreatment with NAN
190, a 5-
L TTIin FST HT1a antagonist (0.5 [42]
and TST mglkg, i.p.) prevented
antidepressant-like
effect of vixetin
st ST
t Sucrose yp 3]
intake nucleus accumbens of
rats exposed to CMS
Pretreatment with pCPA
L TTlin TST (100 mglkg, i.p.) oy
and EST prevented
antidepressant-like
effect of apigenin
Pretreatment with pCPA
(100 mglkg, i.p.)
L TTIin TST prevented 18]
antidepressant-like
effect of naringenin
1 Sucrose
intake t 5-HT in cortex and HP 461
I TTIin FST
L TTlin TST . (471
and EST t 5-HT in PFC and HP
L TTlin the 1 5-HT in HP and
FST amygdala, and [48]
t Sucrose enhanced expression
intake of TpH-1 mRNA in HP
L TTlin FST t 5-HT in HP 29
L TTlin FST . [49]
and TST 1 5-HT in PFC and HP
1 5-HT14 and 5-
L TTlin EST HT2a mMRNA in raphe [50]
nucleus
1 5-HT1a mRNA in HP
Pretreatment with WAY
100,635
(7.1 mglkg, s.c.,a
serotonin 5-
HT1a receptor
. antagonist) and
tTTlin FST cyproheptadine (3 £
and TST . .
mglkg, i.p., a serotonin
5-HT,
receptor antagonist)
prevented
antidepressant-like
effect of Nobiletin
et SR
and TST yp
and cortex

i.p. = intraperitoneally; p.o. = per oral rout; t = the variable was increased; | = the variable was decreased; TTI = total time
of immobility; 5-HT = serotonin; HP = hippocampus; PFC = prefrontal cortex; FST = forced swim test; TST = tall
suspension test; pCPA = p-chlorophenylalanine methyl ester; CMS = chronic mild stress; 5-HT15 = 5-hydroxytryptamine
1A receptor; 5-HT,a = 5-hydroxytryptamine 2A receptor CUMS = chronic unpredictable mild stress.



According to the above, one of these reported mechanisms is the one that suggests that flavonoids possess a
neuroprotective action mediated by the increase in BDNF levels, since they prevent induction of the depressive-like
behavior in rodents submitted to depression models (i.e., TST, FST) BUBA6A For example, chronic pretreatment with
hesperidin (0.3 and 1 mg/kg, i.p., for 21 days) increases the levels of BDNF in HP, which is associated with the decrease
in immobility in the FST 18], It has also been observed that the daily administration of baicalein (10, 20, and 40 mg/kg; i.p.)
prior to daily exposure to repeated restraint stress (2 h/day) for 14 days increases BDNF levels and decreases
corticosterone concentrations in the HP, which is related to prevention of depressive-like behavior in FST [611,

Moreover, these polyphenolic compounds can increase the expression of BDNF in the brain. In this sense, the
antidepressant-like effect of chronic treatment with different flavonoids such as icariin (5 and 10 mg/kg, p.o., for 28 days),
naringenin (10 and 20 mg/kg, p.o., for 21 days), silibinin (50 and 100 mg/kg, p.o., for 15 days), and quercetin (10 mg/kg,

p.o., for 10 weeks) were associated with increased levels of BDNF mRNA, particularly in brain structures such as HP and
PFC [calib2)iesied],

On the other hand, some flavonoids, in addition to regulating BDNF, can also modulate its receptor TrkB B2EQI64I65][66]
For example, chronic treatment with fisetin (5 mg/kg, p.o., for 21 days) increases the TrkB receptor activation in the HP of
ICR mice B2: similarly, sibylinin (50 and 100 mg/kg, p.o., for 15 days) promotes increased expression of this receptor in
the HP of male Sprague-Dawley rats 64, actions that were both associated with a decrease in immobility behavior in the
FST and TST, which is considered an antidepressant-like effect. These results have significant implications considering
that the activity of BDNF and its TrkB receptor can independently regulate the therapeutic effects of conventional
antidepressants €. The above suggests that flavonoids could exert their therapeutic actions through an alternative
mechanism than regulating BDNF levels.

Flavonoids, at preclinical level, can also reverse depressive behaviors by increasing BDNF levels, such as in the case of
depressed patients administered antidepressants 3. For example, astibilin (10, 20, and 40 mg/kg, i.p., for 21 days)
reversed the anhedonic behavior in male C57BL/6J induced by chronic stress, which was related to the increase in BDNF
levels in the frontal cortex 2. This same effect has been reported for naringenin (10 and 20 mg/kg, p.o., for 21 days) 44,
7,8-dihydroxyflavone (10 and 20 mg/kg, i.p., for 28 days) €, and chrysin (5 and 20 mg/kg, p.o., for 28 days) 22, which
confirms the potential of flavonoids as possible molecules that could be used for the development of pharmacological
prototypes for the treatment of depression.
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