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A B S T R A C T

Background: Clinical depression is a serious public health issue that affects 4.7 % of the world’s
population and can lead to suicide tendencies. Although drug medications are available, only 60
% of the depressed patients respond positively to the treatments, while the rest experience side
effects that resulted in the discontinuation of their medication. Thus, there is an urgent need for
developing a new anti-depressant with a distinct mode of action and manageable side effects. One
of the options is using medicinal plants or plant-based traditional medicine as alternative ther-
apies for psychiatric disorders.
Objectives: Therefore, the objective of this review was twofold; to identify and critically evaluate
anti-depressant properties of medicinal plants or those incorporated in traditional medicine; and
to discuss their possible mechanism of action as well as challenges and way forward for this
alternative treatment approach.
Methods: Relevant research articles were retrieved from various databases, including Scopus,
PubMed, and Web of Science, for the period from 2018 to 2020, and the search was updated in
September 2024. The inclusion criterion was relevance to antidepressants, while the exclusion
criteria included duplicates, lack of full-text availability, and non-English publications.
Results: Through an extensive literature review, more than 40 medicinal plant species with an-
tidepressant effects were identified, some of which are part of traditional medicine. The list of the
said plant species included Albizia zygia (DC.) J.F.Macbr., Calculus bovis Sativus, Celastrus pan-
iculatus Willd., Cinnamomum sp., Erythrina velutina Willd., Ficus platyphylla Delile, Garcinia man-
gostana Linn., Hyptis martiusii Benth, and Polygonum multiflorum Thunb. Anti-depressant
mechanisms associated with those plants were further characterised based on their modes of
action such as anti-oxidation system, anti-inflammation action, modulation of various neuro-
transmitters, neuroprotective effect, the regulation of hypothalamic-pituitary-adrenal (HPA) axis
and anti-depressant mechanism. The challenges and future outlook of this alternative and com-
plementary medicine are also explored and discussed.
Conclusion: This pool of identified plant species is hoped to offer health care professionals the best
possible alternatives of anti-depressants from natural phytocompounds that are efficacious, safe
and affordable for applications in future clinical settings.
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1. Introduction

Depression is among the most common psychiatric disorders that adversely impact more than 264 million people worldwide, and it
has become highly prevalent in recent decades [1]. Depression is curently one of the main leading cause of death in the world due to
the high incidence of suicide (15 %) and other complications related to depression and mental health [2]. Depression is a complex
disorder that is caused by multifactorial pathophysiology factors together with genetic and environmental factors [3]. Depression is
accompanied by negative mood, lack of passion or enjoyment, exhaustion, feeling guilty, feeling useless and hopeless, sleep and
appetite impairment, difficulty in concentrating and suicidal ideation (https://www.who.int/news-room/fact-sheets/detail/
depression). Furthermore, psychological symptoms of anxiety or panic attacks often come with depression. These situations can be
either chronic or repetitive leading to a significant dysfunction or poor functioning of an individual to meet the needs of their daily
responsibilities at work, school or with families [4]. Depression has caused significant personal distress and also loss of productivity
resulting in massive economic loss [5,6].

To lessen this complicated health and social pressure, multiple therapeutic tools have been implemented to achieve effective
medications for mental illnesses. Currently, several psychiatric medications are used in therapy including monoamine oxidase in-
hibitors (MAOIs) such as isocarboxazid, moclobemide and tranylcypromine, norepinephrine serotonin reuptake inhibitors (NSRIs)
such as duloxetine, levomilnacipran and venlafaxine, tricyclic anti-depressants (TCAs) such as amitriptyline, desipramine, and
imipramine as well as selective serotonin reuptake inhibitors (SSRIs) such as escitalopram, fluoxetine and paroxetine [7]. Despite the
availability of these drugs, nearly half of the patients did not respond well to medication leading to an inadequacy of the primary
therapy for the existing drugs [8]. For instance, conventional anti-depressant medicines have a slow-onset progressive effect, which
typically takes at least two to eight weeks to achieve desirable therapeutic impact. In addition, anti-depressants have major side effects
that involve gastrointestinal effects (constipation, dry mouth, increase/loss of appetite), central nervous system (CNS) side effects
(anxiety, insomnia, sedation, nightmares), trouble getting to sleep, cardiotoxicity, neurotoxicity, ortho-static hypotension, and sexual
dysfunction [9–13]. Approximately half of depressed patients has started reducing the dosage of anti-depressant drugs or even quit
accepting psychiatric medications because of severe side effects [13]. These effects, along with the expensive price for drugs, have
influence the interest of people in using alternatives that involve medicinal plant species [14].

Phytotherapy and traditional medicine including Traditional Chinese Medicine (TCM) and Ayurveda have long been used to
promote wellness and general health [15–20]. In developing countries, rural communities are heavily dependent on traditional herbal
medicine due to limited access to allopathic medicine [18]. In fact, plants are regarded as one of the most important resources for
modern drugs where more than 80% of nineteenth century’s medicine have been derived or originated from plants [19–21]. Medicinal
plant species have demonstrated their therapeutic role in the treatment of many psychological conditions including mental illnesses
with relatively lower costs and lesser side effects compared to conventional drugs [22–24]. For example, numerous phytochemical
compounds isolated from natural origins such as α-pinene [14], α-mangostin [25], myrsinoic acid [26], and Mogroside V [27] have
been identified as potential new anti-depressants or at least provided an alternative to enhance the current treatment of depression [3].
Therefore, it is important to comprehend the potential mechanism of action from medicinal herbs that have been verified to have such
biological effects [28].

There are evidence regarding pathophysiological mechanisms of depression that includes hypothalamus-pituitary axis (HPA)
dysregulation [29], a rise in oxidative stress which is also associated with an increase in inflammatory mediators [30], and a reduction
in neurotrophic factors [31]. Besides that, the pathophysiology of depression also has been hypothesised to be caused by monoamine
imbalances such as serotonin (5-HT), noradrenaline (NA), and/or dopamine (DA) [32] as well as hypofunction of N-methyl--
D-aspartate receptors (NMDAR) [33–35]. While there are various review papers on anti-depressants, most of them only discuss specific
plant species rather than covering the majority of potential plant species or extracts available worldwide with their respective mode of
action [3,36,37]. Thus, the aim of this review is to identify and compile a comprehensive list of medicinal plant species, including those
used in traditional and alternative medicine, that possess potential antidepressant properties. Additionally, the review discusses the
possible roles of various bioactive compounds and herbal products in their modes of action, including antioxidant, anti-inflammatory,
neurotransmitter modulation, neuroprotective effects, regulation of the HPA axis, and other antidepressant mechanisms. Furthermore,
this review seeks to highlight the potential use of these alternative and complementary medicines in the treatment of depression, with
the goal of identifying a new antidepressant agent that is effective, safe, and affordable.

2. Methodology

Research articles were collected from various databases, including Scopus, PubMed, and Web of Science, using the keywords
(plant* OR herb* OR botanical) AND (schizophrenia OR ’borderline personality disorder’ OR ’bipolar mood disorder’ OR ’major
depressive disorder’) for the period from 2018 to 2020. An additional search was conducted in September 2024 to gather more recent
articles, and the review was updated accordingly. Relevant papers were identified through a critical assessment of their antidepressant
significance, which served as the main inclusion criterion. Conversely, exclusion criteria include duplicates, irrelevant or non-full text
articles, and non-English publications. Key information from each plant was extracted and simplified, as shown in Table 1. All plants
were characterized and discussed based on their modes of action.
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Table 1
Identified medicinal plant species and/or active phytocompounds with anti-depressant properties.

No. Plant(s) and/or
phytocompound(s)

Dosage of plant
extract

Positive
control/
placebo

Mental illness/
symptoms

Route of
Adminis-tration

Period of
treatment
(days/weeks)

Experimental stress model Effects References

(1) α-pinene (commercial
source; naturally exists in
Pinus spp.)

2 mL of α-Pinene
(no information on
concentration used)

Not applicable Schizophrenia Inhalation 60 min MK-801 induced
schizophrenia in mice

• Behavioural impairments are
alleviated by α-pinene.

[14]

(2) Albizia zygia (DC.) J.F.
Macbr.

30, 100 and 300
mg/kg

Haloperidol (1
mg/kg) &
Clozapine (10
mg/kg)

Schizophrenia Oral gavage 7 days Ketamine-induced
schizophrenia in mice

• Demonstrated an anti-
psychotic activity in mice by
alleviating the positive,
negative and cognitive
symptoms of schizophrenia.

[249]

(3) Apocynum venetum L. 30, 60, and 125
mg/kg

Fluoxetine (10
mg/kg)

MDD Oral gavage 4 weeks Chronic unpredictable mild
stressed (CUMS) on mice

• Exerted anti-depressant-
effects through anti-oxidative
stress, increase BDNF level, and
regulate HPA-axis

[24]

(4) Berberine (commercial
source; naturally exists in
Berberis spp.)

20 mg/kg Not applicable Schizophrenia Intraperitoneal
injection

60 min MK-801 induced
schizophrenia in rats

• BBR treatment reduces cell
death and increases neuronal
differentiation in the
hippocampus.

[205]

(5) Brahma vati (BV)
(Ayurvedic polyherbal
formulation)
Bacopa monnieri (L.) Wettst.
• Bacoside A

32.5 mg/kg
32.5 mg/kg

Diazepam (4
mg/kg) &
Piracetam (200
mg/kg)

Schizophrenia Oral gavage 7 days Amphetamine-induced
schizophrenia,
scopolamine-induced
memory loss, and
pentyleneterazol-induced
convulsions in mice

• BV demonstrated antioxidant
activity (↑GPx & ↓ MDA).
• Improve cholinergic activity
(↑ ACh levels).

[93]

(6) Calculus bovis sativus (CBS) 50, 100, 150 mg/kg Haloperidol
(1.4 mg/kg)

Schizophrenia Oral gavage 7 days MK-801 induced
schizophrenia in rats

• Combination of CBS with
haloperidol resulted in a
synergistic effect in alleviating
abnormal behavioral.

[252]

(7) Cannabis indica Lam. Self-administered
as any use for 6
months

Not applicable Schizophrenia
and Bipolar

Oral 24 weeks Patients with schizophrenia
or bipolar

• Cannabis self-administration
caused sgp130 (anti-
inflammation) markedly
elevated in schizophrenia
patients.

[117]

​ Cannabis sativa L.
• Cannabidiol (CBD)

15, 30, and 60 mg/
kg

Clozapine (1
mg/kg)

Schizophrenia Intraperitoneal
injection

7 days MK-801 induced
schizophrenia in mice

• CBD reversed the behavioral
impairments by activating
serotonin receptors (5-HT1A).

[140]

(8) Celastrus paniculatus Willd.
• 3-(3,4-dimethoxy phenyl)-
1-4(methoxy phenyl)prop-
2-en-1-one (DPMPP)

40 mg/kg Clozapine (10
mg/kg)

Schizophrenia Oral gavage 15 days Ketamine-induced
schizophrenia in rats

• Anti-schizophrenic activity
through normalising
monoamine neurotransmitters.
• The activity level of ATPases
were restored to normal.

[143,206]

(9) Chrysanthellum americanum
L. Vatke

100 mg/kg Not applicable Anxiety and
depression

Oral gavage 6 days Psychological stress-
induced rat model of
irritable bowel syndrome
(IBS)

• The extract increased anti-
oxidant enzyme specific
activity in the brain such as
SOD and GPx and decreased
MDA levels.

[61]

(10) Cinnamomum burmannii
(Nees & T.Nees) Blume

50, 100, 200 mg/kg Haloperidol
(0.5 mg/kg)

Psychosis Oral gavage 28 days Ketamine induced
psychosis-like behaviour in
rats

• The extract in combination
with haloperidol can prevent
neuronal cell death by

[65]

(continued on next page)
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Table 1 (continued )

No. Plant(s) and/or
phytocompound(s)

Dosage of plant
extract

Positive
control/
placebo

Mental illness/
symptoms

Route of
Adminis-tration

Period of
treatment
(days/weeks)

Experimental stress model Effects References

inhibiting active caspase-3
activation in rats.

​ Cinnamomum zeylanicum
Blume

50, 100, 200, and
400 mg/kg

Fluoxetine (0.5
mg/kg)

MDD Intraperitoneal
injection

60 min Reserpine-induced
depression in mice

• Has potent anti-oxidant
activity with the anti-
depressant effect was equal to
fluoxetine.

[63]

​ Cinnamomum tamala (Buch.-
Ham.) T.Nees & Eberm.

500 g/day Sertraline (200
mg/day)

MDD Oral 6 weeks Patients with MDD • Significant improvement in
treating MDD.

[64]

(11) CocoaVia® (Flavanol rich
cocoa preparation (FRP))

8, 40, 200, and 500
mg/kg

Not applicable MDD Oral gavage 2 weeks Repeated social defeat stress
(RSDS) mouse model

• Cocoa consumption attenuate
depression through significant
reduction of IL-6.

[103]

(12) CPT herbal complex extract
contained;
Clematis chinensis Osbeck.,
Prunella vulgaris L., &
Trichosanthes kirilowii
Maximowicz.

30, 100 or 300 mg/
kg

Aripiprazole (1
mg/kg)

Schizophrenia Oral gavage 60 min MK-801 induced
schizophrenia in mice

• The extract ameliorates MK-
801-induced dysfunctions by
modulating the Akt/GSK-3b
signalling pathways.

[212]

(13) Crocus sativus L. (saffron) 60 mg/day Sertraline (100
mg/day)

Major
depressive
disorder (MDD)

Oral 6 weeks Patients with MDD • Saffron and sertraline both
reduced depressive symptoms
in the elderly.

[258]

​ ​ 30 mg/day Placebo MDD Oral 6 weeks Patients with MDD • Saffron has the ability to
improve hot flashes and
depression symptoms in
healthy females after
menopause.

[259]

​ ​ 30 mg/day Fluoxetine (40
mg/day)

Depression and
anxiety
symptoms

Oral 6 weeks Patients with Irritable
Bowel Syndrome (IBS)

• Saffron has anti-depressive
and anxiolytic activity which
its effectiveness is equivalent as
fluoxetine in IBS patients.

[260]

(14) Cuscuta chinensis Lam. 500 mg/day Fluoxetine (20
mg/day)

MDD Oral 6 weeks Patients with MDD • C. chinensis has higher anti-
depressant activity than
fluoxetine with fewer side
effects.

[267]

​ Cuscuta epithymum (L.) L. 1000 mg/day Placebo Schizophrenia Oral 8 weeks Patients with schizophrenia • C. epithymum improved
cognitive disabilities in
schizophrenia patients.

[268]

(continued on next page)
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Table 1 (continued )

No. Plant(s) and/or
phytocompound(s)

Dosage of plant
extract

Positive
control/
placebo

Mental illness/
symptoms

Route of
Adminis-tration

Period of
treatment
(days/weeks)

Experimental stress model Effects References

​ Cuscuta chinensis Lam &
Lavandula angustifolia Mill.
(formulated herbal syrup)

2150 mg/5 ml Citalopram (20
mg/day)

MDD Oral 6 weeks Patients with MDD • The herbal syrup showed
effective supplement for
treating MDD with anxious
distress.

[270]

(15) Daniellia oliveri (Hutch. &
Dalz.)

100, 200, and 300
mg/kg

Piracetam (150
mg/kg)

Amnesia Intraperitoneal
injection

2 weeks Diazepam-induced amnesia
in mice

• Neuroprotection by reducing
oxidative damage (↑GPx & ↓
MDA).

[66]

(16) Echium amoenum Fisch.& C.
A.Mey., Melissa officinalis L.,
& Crocus sativus L.
(combination called EACS)

30 ml/day syrup (3
g of E. amoenum,
1.5 g M. officinalis,
& 150 mg C.
sativus)

Citalopram (20
mg/day)

MDD Oral 8 weeks Patients with MDD • EACS effectiveness has been
demonstrated to be
significantly more effective
than citalopram with less side
effects.

[285]

(17) Erythrina velutina Willd.
• Erythrine

100, 200 or 400
mg/kg

Olanzapine (1
mg/kg)

Schizophrenia Oral gavage 7 days Ketamine-induced
schizophrenia in mice

• The extract possesses anti-
oxidant activity by improving
GPx and decreasing MDA
concentration in brain.

[67]

​ ​ 200 or 400 mg/kg Olanzapine (2
mg/kg)

Schizophrenia Oral gavage 7 days Ketamine-induced
schizophrenia in mice

• Extract reverted
schizophrenia-like symptoms
in mice.

[68]

(18) Ficus platyphylla Delile 12.5, 25.0, 100 mg/
kg

Amphetamine
9.0 mg/kg

Schizophrenia Oral gavage 30 min Electric foot shock or
amphetamine induced
hypothermia in mice

• F. platyphylla exhibited anti-
psychotic properties, possibly
due to dopaminergic neuron
regulation.

[149]

(19) Galphimia glauca Cav.
(GgMeOH)
Galphimine-Rich Fraction
(GRF)
Galphimines G-A
Galphimines G-B
Galphimines G-E

25 mg/kg
5 mg/kg
5 mg/kg
5 mg/kg
5 mg/kg

Haloperidol
(1.0 mg/kg)
&
Olanzapine (1
mg/kg)

Schizophrenia Oral gavage
Oral gavage
Oral gavage
Oral gavage
Oral gavage

20 days Haloperidol induced
catalepsy and ketamine
induced schizophrenia in
mice

• G. glauca activity is due to the
interaction of its bioactive
compounds with the
dopaminergic and
glutamatergic systems in vivo.

[151,152]

(20) Garcinia mangostana Linn. 50, 150 and 200
mg/kg

Imipramine
(20 mg/kg)

MDD Oral gavage 14 days Flinders Sensitive Line (FSL)
rat (model depression in rat)

• Modulate the
neurotransmitter by increasing
noradrenergic and serotonergic
processes, and reverse lipid
peroxidation.

[77]

​ Garcinia mangostana Linn.
• α-mangostin

50 mg/kg
20 mg/kg

Haloperidol (2
mg/kg)

Schizophrenia Oral gavage 14 days LPS induced depressive-like
behaviors in rats

• Decreased lipid peroxidation
and reduced elevated plasma
IL-6 levels and/or TNF-α levels.

[25]

(continued on next page)
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Table 1 (continued )

No. Plant(s) and/or
phytocompound(s)

Dosage of plant
extract

Positive
control/
placebo

Mental illness/
symptoms

Route of
Adminis-tration

Period of
treatment
(days/weeks)

Experimental stress model Effects References

(21) Gastrodia elata
Blume

250, 500 and 1000
μg/ml

Not applicable Depression In vitro 48 h CORT-induced apoptosis in
PC12 cells

• G. elata reduced ROS level,
maintain membrane integrity
and downregulated apoptosis
pathway, and neuroprotective
effect.

[96]

(22) Ginkgo biloba L. 300 mg/kg Paroxetine (30
mg/kg)

MDD Oral gavage 4 weeks CUMS on mice • The extracts increase
serotonin and dopamine
concentration in multiple parts
of brain.

[157]

​ ​ 160 mg/day Not applicable Schizophrenia Oral 1 week Patients with schizophrenia • Ginkgo biloba may cause
mood dysregulation in
patients.

[158]

(23) Hyptis martiusii Benth.
• 1,8-cineole (eucalyptol)

25, 50, 100 and
200 mg/kg
50 mg/kg

Diazepam (1, 2
or 5 mg/kg)

Psychosis Intraperitoneal
injection

30 min Ethyl ether-induced
sleeping time,
pentylenetetrazole-induced
seizure, haloperidol-
induced catalepsy and
ketamine-induced
hyperkinesia in mice

• Anti-psychotic-like properties
possibly due to regulation of
glutamatergic and
dopaminergic
neurotransmission in mice.

[161]

(24) Kai-Xin-San (KXS) formulae
contained;
Panax ginseng C.A.Mey.
Polygala tenuifolia Willd.
Acorus tatarinowii Schott.&
Poria cocos (Schw.) Wolf.

3000–10000 mg/kg Fluoxetine (4
mg/kg)

MDD Intragastric 6 weeks CUMS on mice • KXS formulae in mice was
able to suppress HPA activation
(CRH, ACTH, corticosterone)
and lowering of pro-
inflammatory cytokines (IL-1β,
IL-6, and TNF-α).

[122]

(25) Mahuang- Fuzi-Xixin
decoction formulae (MFX);
Aconitum carmichaeli
Debeaux,
Ephedra sinica Stapf, and
Asarum sieboldii Miq.

2.5, 12.5, and 25 g/
kg

Escitalopram
(10 mg/kg)

MDD Intraperitoneal
injection

7 days LPS-induced depressive-like
behaviours in mice

• MFX reduced expression IL-
1β, suppressed the NLRP3
inflammation activation and
promote the neurogenesis in
the hippocampus.

[124]

(26) Milicia excelsa (Welw.) C.C.
Berg

• Aqueous (AF)
• Ethanol (EME)
• Hexane (HF)
• Ethyl acetate (EAF)
• Butanol (BF)

250, 500 and 1000
mg/kg of the
extract and fraction
(s)

Haloperidol
(1–2 mg/kg)

Schizophrenia Oral gavage 60 min Ketamine-induced
hyperlocomotion in mice

• The extract fractions contain
anti-psychotic ingredients that
are physiologically active.
• The activity of the fractions
showed with the order EME >

EAF > AF > HF > BF.

[276]

(27) PAPZ formulation;
Panax ginseng C.A.Mey.,
Angelica sinensis (Oliv.)
Diels, Polygala tenuifolia
Willd., and Ziziphus jujuba
Mill.

1000 mg/kg Not applicable MDD Oral gavage 3 weeks Corticosterone treated in
mice

• PAPZ increase protein
expression BDNF and improve
the anti-oxidation in brain
(↑SOD & ↓ MDA).

[78]

(28) Pinus pinaster Aiton
• Pycnogenol

50 mg/day Escitalopram MDD Oral 16 weeks Patients with MDD • Pycnogenol supplementation
was able to reduce the anti-

[284]

(continued on next page)
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Table 1 (continued )

No. Plant(s) and/or
phytocompound(s)

Dosage of plant
extract

Positive
control/
placebo

Mental illness/
symptoms

Route of
Adminis-tration

Period of
treatment
(days/weeks)

Experimental stress model Effects References

depressant adverse effect on
sexual function.

(29) Polygonum multiflorum
Thunb.
• 2,3,5,4′-
Tetrahydroxystilbene-2-O-
beta-D-glucoside (THSG)

10, 20, and 40 mg/
kg

Fluoxetine (10
mg/kg)

MDD Subcutaneous
injection

15 days Chronic restraint stress
(CRS) on mice

• Reduced oxidative stress by
reversing MDA contents.
• Inhibit expression of
proinflammatory factors such
as TNF-α, IL-1β, and IL-6 in
mice brain.
• Increased astrocyte
multiplication and
neurogenesis in the
hippocampal of CRS mice.

[90]

(30) Rapanea ferruginea (Ruiz &
Pav.) Mez (RF)
• Myrsinoic acid A (MAA)
• Myrsinoic acid B (MAB)

50, 100, 150, 300
mg/kg
5, 15, 30 mg/kg
3, 10, 30, 60 mg/kg

Imipramine
(20 mg/kg)

MDD Intraperitoneal
injection

60 min Treatment of mice with
dopaminergic,
serotoninergic, and
noradrenergic antagonists.

• Anti-depressant effect of RF,
MAA and MAB is mediated by
the regulation of various
neurotransmitter and reducing
MAO-A activity.

[26]

(31) Rhodiola rosea L. &
Crocus sativus L.
(combination)

154 mg of R. rosea
L. and 15 mg of
C. sativus L.

Not applicable MDD Oral 6 weeks Patients with MDD • Extract combination able to
reduce depression level and
improve anxiety symptoms.

[261]

​ Rhodiola rosea L. 3 ml/kg (84, 8.4
and 0.84 mg
extract/kg)

Not applicable Psychosis Intraperitoneal
injection

15 min before
the
behavioural
test

Prepulse inhibition in rats
and mice (apomorphine and
dizocilpine)

• R. rosea extract exerted anti-
psychotic-like effects and
robustly reverses prepulse
inhibition deficits in rodents.

[266]

(32) Siraitia grosvenori Swingle
• Mogroside V (MogV)
• 11-oxo-mogrol

2.5 or 5 mg/ml Not applicable Schizophrenia Intraperitoneal
injection

2 weeks MK-801 induced
schizophrenia in mice

• Protect neuronal damage by
enhancing neurite
development, preventing cell
apoptosis, and reducing
intracellular calcium release.

[27]

(33) Spinacia oleracea L. (SOEE) 50, 100 and 200
mg/kg

Haloperidol (1
mg/kg) or
Olanzapine
(5 mg/kg)

Schizophrenia Oral gavage 15 days Ketamine-induced
schizophrenia in mice

• SOEE increased GPx levels,
lowering MDA, lowered serum
TNF- α level, attenuated AChE
activity and increased the
GABA concentration in
psychotic mice.

[85]

(34) SuHeXiang (SHXW)
(Lipuidambar orientalisMill.)

2 ml of 10 % SHX
essential oil for 10
and 30 min

Not applicable Depression and
anxiety

Inhalation 12 days
(acute) and 28
days (chronic)

CUMS on mice • SHX possess anti-depressant
and anxiolytic activities, and
decreased the levels of TPO, IL
6, and TNF-α in serum.

[127]

(35) Unmadgajakesari (UGK)
(formulation based on
Ayuverda Indian practice
without detail on herbs
used)

100, 200 and 400
mg/kg

Haloperidol
(1.5 mg/kg)

Schizophrenia Oral gavage 8 days Apomorphine, 5-HTP&MK-
801 induced schizophrenia
in mice

• UGK exhibited significant
dopaminergic, serotonergic,
and NMDA reducing activity.

[183]

(36) Viola odorata L.
• 5,7-Dihydroxy-3,6-
dimethoxyflavone
• 5,7,4′-trihydroxy-

1, 10 and 30 mg/kg Fluoxetine (20
mg/kg)

MDD Intraperitoneal
injection

30 min before
the
behavioural
test

pCPA, D1 antagonist, D2
antagonist or prazosin (α1
adrenergic antagonist)
treated in mice.

• Isolated compounds 1–3
produced a significant increase
in 5-HT concentrations in brain
tissue.

[2]

(continued on next page)
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Table 1 (continued )

No. Plant(s) and/or
phytocompound(s)

Dosage of plant
extract

Positive
control/
placebo

Mental illness/
symptoms

Route of
Adminis-tration

Period of
treatment
(days/weeks)

Experimental stress model Effects References

3′,5’dimethoxyflavone
• 5,7,4′-trihydroxy-3′-
methoxyflavone

(37) Withania somnifera (L.)
Dunal (Ashwagandha)

500 mg/day (1st
week), 1000 mg/
day (2nd week)

Placebo Schizophrenia Oral 12 weeks Patients with schizophrenia • The extract significantly
reduced depression symptoms
compared to placebo.

[282]

​ 1000 mg/day Placebo Schizophrenia Oral 12 weeks Patients with schizophrenia • The extract was able to treat
the depression and anxiety
symptoms in schizophrenia.

[283]

(38) Xiaoyaosan (composed of 8
TCM herbs)

250 mg/kg Fluoxetine (2.6
mg/kg)

MDD Intragastric
gavage

21 days CUMS on mice • Demonstrated anti-
depressant effect.

[179]

(39) Xin-Ke-Shu (XKS) tablets
containing;
Salvia miltiorrhiza Bunge,
Pueraria montana var.
thomsonii (Benth.) M.R.
Almeida,
Crataegus monogyna Jacq.,
Panax notoginseng (Burkill)
F.H.Chen and Aucklandia
costus Falc.

12 tablets/day (4
tablets, three times
a day)
(concentration was
not mentioned)

Placebo Depression or
anxiety
symptoms

Oral 12 weeks Depression and anxiety
symptoms in patients with
coronary artery disease
(CAD)

• Inhibiting the development of
pro-inflammatory cytokines
and stimulate the production of
anti-inflammatory cytokines.

[131]

(40) Yueju-Ganmaidazao
Decoction (YG)

1.0, 1.5, 2.0, 2.5
and 3.0 g/kg

Not applicable MDD Intragastric
gavage

1 day (24 h) CMS on mice • Demonstrated anti-
depressant-like effects by
inhibiting NMDA/NO/cGMP
signaling pathway.

[86]

(41) Zhile capsuled (TCM
formulated composed 16
herbs)

735, 2205 and
6615 mg/kg

Fluoxetine (10
mg/kg)

MDD Oral gavage 5 weeks CUMS on rats • Zhile alleviated depression-
like behaviours by the
upregulation of monoamine
neurotransmitters such NE, 5-
HT, and DA and upregulating
neuroprotective effects by
increasing BDNF protein.

[184]

Abbreviations: Acetylcholine (ACh), Acetylcholinesterase (AChE) Adenosine Triphosphatase (ATPases), Adrenocorticotropic Hormone (ACTH), Arginine Vasopressin (AVP), Brain-Derived Neurotrophic
Factor (BDNF), Catalase (CAT), Chronic Mild Stress (CMS), Chronic Unpredictable Mild Stress (CUMS), Central Nervous System (CNS), Coronary Artery Disease (CAD), Corticosterone (CORT),
Corticotropin-Releasing Hormone (CRH), Cyclic Guanosine 3,5 Monophosphate (cGMP), Decreased (↓), Dizocilpine Hydrogen Maleate (MK-801), Dopamine (DA), Dopaminergic 1 antagonist (D1),
Dopaminergic 2 antagonist (D2), Gamma-Aminobutyric Acid (GABA), Glucocorticoid (GC), Glutathione Peroxidase (GPx), Glycogen Synthase Kinase 3-beta (GSK-3b), Hypothalamic-Pituitary-Adrenal
(HPA), Increase (↑), Interleukin 1 beta (IL-1β), Irritable Bowel Syndrome (IBS), Lipopolysaccharide (LPS), N-methyl-D-aspartic acid (NMDA), N-methyl-D-aspartate acid receptor (NMDAR), Nitric
Oxide (NO), NLR family pyrin domain containing 3 (NLRP3), Norepinephrine (NE), Major Depressive Disorder (MDD), Malondialdehyde (MDA), Maternal Immune-Activation (MIA), Monoamine Oxidase-
A (MAO-A), Serotonin (5HT), Serotonin Synthesis Inhibitor (pCPA), Soluble gp130 (sgp130), Superoxide Dismutase (SOD), Thrombopoietin (TPO), Interleukin 6 (IL 6), Traditional Chinese Medicine
(TCM), Tumor Necrosis Factor α (TNF-α), Pentyleneterazol (PTZ), Protein Kinase B (Akt), Repeated Social Defeat Stress (RSDS).
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3. Potential anti-depressant mechanisms from medicinal plants and traditional medicine

Table 1 presents findings in more than 40 identified medicinal plant species that possess anti-depressant properties, some of which
are part of traditional medicine formulation. Those species include Albizia zygia (DC.) J.F.Macbr., Calculus bovis Sativus, Celastrus
paniculatusWilld., Cinnamomum sp., Erythrina velutinaWilld., Ficus platyphylla Delile, Garcinia mangostana Linn., Hyptis martiusii Benth,
and Polygonum multiflorum Thunb, among others. The important information about each plant species was documented in terms of
species name and(or) compound, dosage of plant extracts, positive control, type of mental illness, administration, treatment period,
experimental stress model and effects of plant extract treatment. All the identified plant species were characterised based on their
modes of action such as anti-oxidation system, anti-inflammation, modulation of various neurotransmitters, neuroprotective effect,
regulation of hypothalamic-pituitary-adrenal (HPA) axis and anti-depressant mechanisms (Figs. 1 and 2). The following subsections
discuss in detail all modes of action.

3.1. Antioxidant mechanism for anti-depressant effect

Oxidative stress is known to be essential in the pathogenesis of depression [38]. The involvement of genetic markers with envi-
ronmental stimuli, particularly stress, is thought to be the source of depression [39]. Exposure to stress can be related to an increase in
the generation of reactive oxygen species (ROS) [40]. An imbalance proportion of pro-oxidants and anti-oxidants causes oxidative
stress, which in consequence increases the release of ROS and a disturbance of redox regulation and its signalling pathways [41,42].
These abnormalities have contributed to the formation of psychotic symptoms [43]. Increasing evidence from preclinical and human
post-mortem findings confirmed the theory that oxidative stress plays a crucial role in the development of depression [44–46]. Besides
that, a growing study of anti-depressant effect on oxidative stress indicates that anti-depressants may have a role as an anti-oxidant
mechanism in relieving depression [46–49]. Furthermore, the central nervous system (CNS) is also extremely susceptible to oxida-
tive stress, and elevated levels of oxidative stress eventually result in oxidative damage, which is mainly manifested by the pro-oxidant
or anti-oxidant imbalance [50]. In addition, depressed patients have higher levels of malondialdehyde (MDA) in their blood compared
to healthy people [51]. The MDA is a metabolite that serves as an indirect indicator for measuring lipid peroxidation damage whereby
an increase of free radicals leads to increased MDA production [52]. The MDA is an important oxidative stress biomarker, and changes
in MDA levels in biological systems are associated with a variety of diseases [53] including cancer [52], neurodegenerative diseases
[54], and depression [46,55].

A rodent model of depression using chronic unpredictable mild stressed (CUMS) exposure can cause oxidative damage in rat brain

Fig. 1. Potential anti-depressant mechanisms from medicinal plants. The potential mechanisms have been characterised into five main modes of
action, which are anti-oxidation system, anti-inflammation action, modulation of various neurotransmitters, neuroprotective effect as well as
regulation of hypothalamic-pituitary-adrenal (HPA)-axis. Abbreviations: Adenosine Triphosphatase (ATPase), Acetylcholine (ACh), Adrenocorti-
cotropic Hormone (ACTH), Arginine Vasopressin (AVP), B-cell lymphoma 2 ((Bcl-2)/Bax), Brain-Derived Neurotrophic Factor (BDNF), Catalase
(CAT), Corticotropin-Releasing Hormone (CRH), Decreased (↓), Dopamine (DA), Doublecortin (DCX), Glial Fibrillary Acidic Protein (GFAP),
Glutathione Peroxidase (GPx), Protein Kinase B (Akt), Glycogen Synthase Kinase 3-beta (GSK-3b), Increase (↑), Interleukin 1 beta (IL-1β), Inter-
leukin 6 (IL-6), Lactate Dehydrogenase (LDH), NLR Family Pyrin Domain Containing 3 (NLRP3), Norepinephrine (NE), Malondialdehyde (MDA),
Mechanistic Target of Rapamycin (mTOR), Monoamine Oxidase-A (MAO-A), Serotonin (5HT), Superoxide Dismutase (SOD), Tropomyosin-related
Kinase Receptor B (TrkB), Tumor Necrosis Factor α (TNF-α).
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regions such as the hippocampus. This is evidenced by increased MDA levels and reduced anti-oxidant enzymes’ superoxide dismutase
(SOD) and catalase (CAT) activities. Meanwhile, prolonged anti-depressant therapy alleviates such abnormalities [56–58]. Interest-
ingly, a natural product treatment using sword-leaf dogbane (Apocynum venetum L.) leaf extract (AVLE) was able to ameliorate the
CUMS effects. This includes the increase in the expression levels of SOD, CAT, and glutathione peroxidase (GPx) [24] while reducing
hydrogen peroxide (H2O2) [59], ROS production, and MDA levels in the rat hippocampus (Fig. 1 and Table 1) [24].

Another plant-derived extract, Chrysanthellum americanum L. (Vatke), a Compositae-family medicinal plant used in west African
[60] also possessed anti-depression effect with strong anti-oxidant activity in the psychologically stress-inducing rat model of irritable
bowel syndrome (IBS) (Table 1) [61]. IBS is a severe functional gastrointestinal tract disruption that is characterised by immune and
inflammatory-related abnormalities of CNS and peripheral intestinal systems and is frequently related to mood disorders such as
depression and anxiety [62]. Administration of six-day oral gavage of the polyphenolic extract at a concentration of 100 mg/kg body

Fig. 2. Hypothalamic-pituitary-adrenal (HPA) axis. A complicated system of neurohormone featured by the HPA axis that connects the hypo-
thalamus, pituitary gland, and adrenal glands. Over-stimulation of the HPA axis is one of the pathological hypotheses of depression. Hyperactivity of
the HPA axis is characterised by the abnormal elevation of corticotropin-releasing hormone (CRH), arginine vasopressin (AVP), adrenocorticotropic
hormone (ACTH), and cortisol that leads to the impairment of hippocampal neurons and cognitive ability in patients with depression. The figure has
been created using ChemDraw and BioRender.
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weight in stress-induced IBS rats presented noticeable anxiolytic and anti-depressant-like effects [61]. This was in conjunction with
substantially enhanced antioxidant enzyme activities in the temporal lobe such as SOD and GPx and decreased MDA levels (Fig. 1 and
Table 1) [61]. In addition, a linear regression analysis revealed strong associations between oxidative stress parameters and behav-
ioural studies. This finding demonstrated that prescribing C. americanum polyphenolic extract could alleviate mood and cognitive
abnormalities that are caused by stress-induced in an IBS rat model, which also can be associated with a reduction in the cerebral
oxidative stress levels [61].

Cinnamomum plants have been documented in Asian medicine to treat various types of ailments such as diabetes and pain relief as
well as depression [63–65]. In a study, Cinnamomum zeylanicum Blume extracts successfully reversed the depression effect in mice,
similar to the positive control fluoxetine drug (Table 1) [63]. This extract also has potent anti-oxidant activity (IC50: 12.82 mg/ul) and
has major anti-oxidant compounds such as phenolics (264.37 mg/g), flavonoid, (27.14 mg/g), and flavonol (26.25 mg/g). The
anti-depressant activity of this extract may be due to its significant anti-oxidant properties (Table 1) [63]. Besides that, a clinical study
using another Cinnamomum species, C. tamala (Buch.-Ham.) T.Nees and Eberm., has been shown to be an excellent adjuvant in the
treatment of major depressive disorder (MDD) patients (Table 1) [64]. The use of C. tamala combination therapy with setraline also
appeared to be generally safe and effective in this study with no significant side effect was identified (Table 1) [64]. Similarly to
C. zeylanicum, C. tamala possesses a significantly high polyphenolic constituent that may exert anti-oxidative effects towards improving
the pathophysiology of depression [64].

Another traditional herbal medicine utilising Daniellia oliveri (Hutch.& Dalz.), a native African plant known as copaiba balsam tree,
has been implicated in treating anxiety and schizophrenia. A current study found that aqueous extracts of D. oliveri root bark at 100,
200, and 300 mg/kg BW dosages significantly improved memory processes in diazepam-induced amnesia (memory loss) in mice
(Table 1) [66]. Such treatment might provide neuroprotection by reducing diazepam-induced oxidative damage as evidenced by the
increase of GPx activity and the reduction in MDA concentrations in the hippocampus region of the extract-treated mice (Fig. 1 and
Table 1) [66]. Additionally, a reduction in the hippocampal cell density as detected in the diazepam-untreated group was reversed by
the pre-treatment of the herbal extract at a concentration of 300 mg/kg [66]. Therefore, these studies alluded that D. oliveri aqueous
extract has potent antioxidant properties and could be effective in treating neurological conditions in amnesic patients.

Erythrina velutinaWilld. or known asmulungu and is typically used in Brazilian traditional medicine also demonstrated their benefit
in the treatment of mental disorders [67]. Administration of standardised extract from its leaves and erythrine, the bioactive com-
pound, showed potential in reversing schizophrenia-like symptoms caused by repeated ketamine administration such as prepulse
inhibition deficits, hyper-locomotive activity, and social behaviour deficits (Table 1) [67,68]. These results are comparable to those
obtained with olanzapine, an anti-psychotic medication widely used in the psychiatric clinic (Table 1) [67]. The extract also possesses
antioxidant activity by improving GPx concentration in the prefrontal brain cortex and striatum as well as decreasing MDA concen-
tration in the ketamine-induced mice (Fig. 1 and Table 1) [67]. A previous study also found that E. velutina extract exhibits neuro-
protective properties through in vivo and in vitro models of Parkinson’s disease. This could be due to the anti-oxidant activity of the
extract contributed by its high phenolic compounds [69,70]. Based on this evidence, E. velutina extract appears to be a valuable natural
resource for the development of a future anti-schizophrenia drug.

Garcinia mangostana Linn., a tropical South East Asian plant, has been found to have a wide range of medicinal activities such as
anti-cancer, anti-microbes, and anti-diabetes since it possess potent antioxidants of phenolic xanthone compounds [71–73]. These
prenylated xanthones, especially α-mangostin and γ-mangostin, have also been shown to exert neuroprotective properties [71,74–76].
For instance, G. mangostana extract treatment in a depression rat model of Flinders Sensitive Line (FSL) was able to improve
depressive-like behaviour through reversing the hippocampal lipid peroxidation (Table 1) probably via the antioxidative action of
xanthones [77]. Another study has demonstrated that α-mangostin significantly decreased lipopolysaccharide (LPS)-induced lipid
peroxidation in rat brain frontal cortex (Table 1), potentiating the development of a new adjunctive therapeutic alternative for people
suffering from major depressive disorder (MDD) and schizophrenia [25].

Administration of a Chinese herbal remedy called “PAPZ” consisted of Panax ginseng C.A.Mey., Angelica sinensis (Oliv.) Diels,
Polygala tenuifolia Willd., and Ziziphus jujuba Mill. improved the depression-like characteristics in the corticosterone (CORT) model
(Table 1) [78]. Each herb in PAPZ has previously been shown to be useful for CNS disorders and is commonly used in Asian sup-
plementation and also has various pharmacological effects including neuroprotection [79], depression [80], anti-psychotic [81], and
sedative agent as well as an enhancer for memory and learning in mice [82]. PAPZ also exhibited a significantly decreased immobility
time in tail suspension test (TST) and a significant increase in learning and memory capacity compared to a control group [78]. Besides
that, PAPZ administration also enhanced the enzyme activity of SOD in the hippocampal tissues, correlating with a lower MDA level
(Fig. 1 and Table 1) [78] suggesting that PAPZmay improve the cerebral antioxidant properties in depressed mice induced with CORT.

Spinacia oleracea L. (spinach) seeds have important pharmacotherapeutic effects such as anti-oxidant, anti-inflammatory, anti-
epileptic, neuroprotective, and anti-Alzheimer effects [83,84]. Oral administration of S. oleracea seed extract (SOEE) at the doses of
50, 100, and 200 mg/kg has significantly minimised locomotor movement counts (hyperlocomotor activity represents positive
symptoms of schizophrenia) after being induced by ketamine in mice as well as significantly reduced stereotypic behaviours such as
the total number of falling and turn around in mice (Table 1). Besides that, oral administration of SOEE at the doses of 100 and 200
mg/kg also significantly reduce ketamine-induced immobility duration in the force swimming test (FST) (screening of anhedonia, a
negative symptom of schizophrenia) and reversed the ketamine-induced cognitive deficit by enhancing learning and memory per-
formance in mice (Table 1) [85]. Moreover, administration of ethanol extract of SOEE showed no toxicity effects up to 2000 mg/kg
dose, thus would be safe for the development of anti-psychotic agent [85]. Furthermore, its beneficial role as anti-schizophrenia may
be affiliated with its regulating effect as an anti-oxidant, anti-inflammation, and neurotransmitter modulation. SOEE has demonstrated
free radical scavenging efficiency in an in vitro 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay indicating its anti-oxidant capacity.
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Furthermore, SOEE was discovered to strengthen the anti-oxidant function by increasing GPx concentration in the brains of
ketamine-induced schizophrenia in mice (Fig. 1 and Table 1) [85]. SOEE also was identified to minimise oxidative stress by reducing
lipid peroxidation by lowering the MDA levels in the brains of mice at the doses of 100 and 200 mg/kg (Fig. 1 and Table 1) [85].
Anti-inflammation and modulation of neurotransmitter mode of action of SOEE will be discussed in the next subchapter.

Yueju-Ganmaidazao decoction (YG) is a traditional Chinese herbal medicine that is made up of Yueju (primarily Atractylodes
carlinoides (Hand.-Mazz.) Kitam., Cyperus absconditicoronatus Bauters, Reynders & Goetgh., Ligusticum acuminatum Franch., Gardenia
jasminoides J. Ellis, and “shenqu” (medicated leaf)) and Ganmaidazao (comprises of Glycyrrhiza sp., Triticum aestivum L., Ziziphus jujuba
Mill) has been prescribed to treat depression and mood disorder. Administration of YG demonstrated anti-depressant potential of
which a single dosage was sufficient to reverse the depression-like behaviours as early as 30 min and lasted for 7 days in chronically
depressed or learned helpless (LH) mice. This highlights the rapid anti-depressant-like impact (Table 1) [86]. Moreover, a single dose
of YG downregulated the over-expressions of NMDA receptor subunit 1 (NR1) and nitric oxide/cyclic guanosine monophosphate
(NO/cGMP) [86]. In neuronal cultures, the activation of the NMDA receptor increases ROS production, which was mediated by
NADPH oxidase through nitric oxide (NO), cyclic guanosine monophosphate (cGMP), and protein kinase G (PKG) [87]. Other in vitro
research also revealed that inhibition of NMDA/NO/cGMP is typical among traditional anti-depressants including ketamine as
described earlier [88,89].

Besides that, another compound called 2,3,5,4′-tetrahydroxystilbene-2-O-beta-D-glucoside (THSG) works through anti-oxidative
stress mechanisms to reverse the stress-induced depression in mice [90]. THSG is one of the major compounds from Polygonum
multiflorum Thunb. (known as Heshouwu in Chinese) and is being widely used as TCM [91]. It has been proven to exhibit anti-oxidant
and anti-ageing properties as well as other benefits such as improving immunity, regulating blood lipids, preventing atherosclerosis,
and enhancing learning and memory performances [92]. Peripheral administration of various THSG concentrations at 10 mg/kg, 20
mg/kg, and 40 mg/kg was able to counteract the depressive-like behaviours induced by chronic restraint stress (CRS) in mice as
evaluated by TST, FST, and open-field test (OFT) (Table 1). Further experiments found that THSG treatment reduced oxidative stress by
reversing MDA contents in the serum, hippocampus, and prefrontal cortex in CRS mice (Fig. 1 and Table 1) [90]. The finding of this
study alludes to its effectiveness as an antioxidant in reversing depression-like phenotype as revealed from in vitro and in vivo
experimentations.

Brahmi vati (BV) and Gastrodia elata Blume (orchid) also demonstrated anti-depressant activity through an anti-oxidant mode of
action. BV has been shown to have anti-oxidant activity as administration of BV diminished MDA status and increased GPx levels in the
brain (Fig. 1 and Table 1) [93]. BV is an Ayurvedic polyherbal mixture that has been used in India since the old days to treat seizures
that are attributed to schizophrenia and memory problems. Oral administration of BV at a concentration of 32.5 mg/kg in mice has
been identified to possess a significant anti-convulsant, memory-improving, and anti-schizophrenic properties compared to the
negative control groups and Bacoside A (isolated from Bacopa monnieri (L.) Wettst. Plant which is an important ingredient of BV) at the
same dose (Table 1) [93]. In addition, G. elata also demonstrated to have anti-depressant activity through anti-oxidant mode of action.
G. elata is frequently used in TCM to cure a range of nervous conditions including sedative, anti-convulsant, headache, dizziness,
tetanus, and epilepsy [94,95]. G. elata at concentrations of 250, 500, and 1000 μg/ml can significantly reverse the increased level of
ROS generated in rat pheochromocytoma cell line (PC12) treated with corticosterone (CORT). This suggests the protective role of the
natural product through oxidative stress inhibition (Table 1) [96].

3.2. Anti-inflammation mechanism for anti-depressant effect

Inflammation has been linked to a variety of diseases including neuropsychiatric disorders like depression. Depressive patients
have been discovered to have a higher level of inflammatory cytokines, which is one of the main pathophysiology factors implicated in
mental disease [97–100]. Besides that, inflammatory cytokines also serve an important role in synaptic plasticity (the capability of the
brain to continue evolving, growing, and developing in response to life experiences) and abnormalities are often appeared in depressed
patients [101,102]. Anti-depressant medication, on the other hand, has been associated with reductions in such inflammatory re-
sponses [97].

The development of CocoaVia® from flavanol-rich cocoa preparation (FRP) has demonstrated the potential to cure stress and
anxiety disorders in humans [103]. Cocoa made from the dried seed of Theobroma cacao L., is an important source of polyphenolic
compounds such as epicatechins [104,105]. It is highly effective in protecting against multiple metabolic, neurological and psycho-
logical disorders in vivo, primarily due to the modulation of synaptic function [106–109]. Published evidence also suggests cocoa
product consumption such as chocolate to enhance cognitive function and is beneficial in modulating mood [110]. A recent study has
identified that oral administration of FRP at a low dose (40 mg/kg) on a mouse model of social stress demonstrated its
anti-inflammatory activity through significant reduction of interleukin-6 (IL-6) in rat plasma (Fig. 1 and Table 1) [103]. IL-6 has been
verified to be the most frequently observed inflammatory cytokine that is strongly associated with MDD [111,112]. FRP that have a
high content of phenolic acids such as epicatechin, catechin, proanthocyanidin B1 and B2, and gallic acid may contribute to its
anti-inflammatory activity [103] to attenuate depression.

Besides that, the study also demonstrated the medicinal properties of G. mangostana Linn. and one of its dominant bioactive
components, α-mangostin as an adjuvant therapy with haloperidol, a typical anti-psychotic on maternal immune activation (MIA)-
induced schizophrenia-like behaviour in rats. MIA has been induced using lipopolysaccharide (LPS) (Table 1) [25]. Treatment with
α-mangostin and raw G. mangostana pericarp extract in conjunction with haloperidol has been found to efficiently reverse MIA-induced
depressive-like behaviour compared with haloperidol alone (Table 1) [25]. Furthermore, treatment with α-mangostin and
G. mangostana alone was more effective than haloperidol in reversing depressive-like behaviour [25]. Apart from this, MIA-induced
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deficits in sensorimotor gating were reversed by the combination of haloperidol and G. mangostana [25]. G. mangostana also sub-
stantially reversed depressive-like activities such as increased immobility and decreased active coping such as swimming and climbing
in LPS-exposed offspring [25]. The finding is congruent with another previous study [77]. G. mangostana and α-mangostin also have
anti-inflammatory properties in which both of these treatments were able to reduce elevated plasma interleukin-6 (IL-6) levels and/or
tumour necrosis factor-α (TNF-α) levels (Fig. 1 and Table 1) [25]. α-mangostin previously has been documented to reduce inflam-
matory cytokines upon LPS induction [113], to inhibit interleukin-2 (IL-2) release [114], and to suppress IL-6 expression [115]. As a
result, the potential benefits of G. mangostana supplementation may involve anti-inflammation mechanisms.

Besides that, Cannabis indica Lam. and Cinnamomum burmannii (Nees& T.Nees) Blume showed to have anti-depressant activity with
an anti-inflammation mechanism. The psychopharmaceutical and medicinal properties of the C. indica plant, a species of the Can-
nabaceae family’s Cannabis genus, have been acknowledged for thousands of years for their therapeutic benefit in ameliorating
inflammation, injury, and rheumatic diseases [116]. A recent study has identified cannabis self-administration is attributed to a
significant increase of soluble gp130 (sgp130) levels in schizophrenia patients (Table 1) [117]. Sgp130 is a decoy receptor that is able
to bind to IL-6 or soluble IL-6-receptor (IL-6/sIL-6R) complex thus potently and selectively blocking inflammatory trans-signalling
[118,119]. As a consequence, it can reduce the negative effects of IL-6 in the CNS [120]. Besides that, the combination of
C. burmannii extract and haloperidol, an anti-psychotic medication, showed to have potent activity in controlling negative symptoms of
psychosis. This combination was capable of preventing neuronal cell death by inhibiting active caspase-3 activation in Wistar rats
exhibiting psychotic-like behaviour (Table 1) [65]. Caspase-3 is an endoprotease that regulates inflammation and apoptosis signalling
networks resulting in the breakdown of cellular structures such as DNA fragmentation and cytoskeletal protein degradation [121].
Both of these plants showed an anti-inflammation effect, which links to the anti-depressant mechanism.

Several TCM such as Kai-Xin-San (KXS) and Mahuang-Fuzi-Xixin decoction (MFX) were able to ameliorate depression-like be-
haviours in vivo or clinical studies through inflammatory markers related to anti-depressant mechanisms. KXS that comprised of 4
herbal medicines (Acorus tatarinowii Schott., Panax ginseng C.A.Mey., Polygala tenuifolia Willd., and Poria cocos (Schw.) Wolf.) [122]
was able to alleviate depression-like behaviours in CUMS mice by controlling gut microbiota, inflammation, and stress system
(Table 1). KXS treatment significantly reduced the levels of LPS and pro-inflammatory cytokine expressions including interleukin 1
beta (IL-1β), IL-6, and TNF-α in the small intestines, serum, and in various parts of the brain of CUMS-exposed mice such as prefrontal
cortex, hippocampus, and hypothalamus (Fig. 1 and Table 1) [122]. Whereas, MFX is efficient in the treatment of various diseases
includingmood disorders [123]. Administration of MFX at doses of 2.5, 12.5, and 25 g/kg also corrected the depressive-like behaviours
in LPS-induced mice (Table 1). The anti-depressant effect of MFX is linked to the anti-inflammatory properties as it can significantly
reduce the expression of IL-1β in the hippocampus of CUMS mice brain (Fig. 1 and Table 1) [124]. In MDD, the pro-inflammatory
cytokine IL-1β has been shown to play a crucial role in inflammatory responses in the CNS and peripheral nervous systems [125].
MFX treatment also inhibited the activation of the inflammasome by NLR family pyrin domain containing 3 (NLRP3) in the
LPS-induced mice (Fig. 1 and Table 1) [124]. Furthermore, MFX treatment also inhibited the increase of Trx-interacting protein
(TXNIP) levels in the hippocampus, which was associated with the activation of NLRP3 in the LPS-induced mice (Fig. 1 and Table 1)
[124]. These findings indicated that KXS and MFX could be used as a novel therapeutic approach for depression and stress-related
disorders through anti-inflammation related to the anti-depressant mechanism.

Besides that, SuHeXiangWan (SHXW) and Xin-Ke-Shu (XKS) are also prominent Chinese traditional medicines that have been used
to treat depression or coronary artery diseases (CAD), respectively. SHXW essential oil, which is derived from the trunk resin of the
Lipuidambar orientalisMill tree, is commonly used to treat epilepsy, infantile spasms, involuntary unconsciousness, and paralysis [126].
A study has identified repeated inhalation of SHX possessed significant anti-depressant and anxiolytic properties in CUMS
induced-depression model in mice (Table 1) [127]. These effects might be facilitated by the modulation of the inflammatory response
as it was able to reduce IL-6, TNF-α, and thrombopoietin (TPO) in CUMSmice serum (Fig. 1 and Table 1) [127]. Whereas, XKS has been
used for the treatment of CAD in China [128] in which more than 30 % of CAD patients experienced depressive symptoms [129] and
anxiety [130]. XKS tablet comprises of 5 medicinal plants or extracts including Salvia miltiorrhiza Bunge, Pueraria montana var.
thomsonii (Benth.) M.R.Almeida, Crataegus monogyna Jacq., Panax notoginseng (Burkill) F.H.Chen, and Aucklandia costus Falc [131].
Oral ingestion of 4 XKS tablets 3 times a day for 12 weeks can effectively treat anxiety and depression symptoms in patients with CAD
probably by inhibiting the development of pro-inflammatory cytokines and stimulating the production of anti-inflammatory cytokines
(Fig. 1 and Table 1) [131]. These improvements have been correlated with anti-inflammatory cytokines changes in the peripheral
blood, particularly trappin-2, adiponectin, IL-1β, TPO, activated leukocyte cell adhesion molecule (ALCAM), neurotrophin-3 (NT-3),
and transferrin [131]. Due to its anti-depressant properties, these herbal extracts could be used as a natural remedy for depression.

THSG and SOEE also possess anti-inflammatory activity. The administration of THSG was effective in reducing the expression of
pro-inflammatory factors including TNF-α, IL-1β, and IL-6 in the hippocampal and prefrontal cortex tissues of CRS mice (Fig. 1 and
Table 1) [90]. Besides that, the anti-inflammatory activity of SOEE oral administration at doses of 50, 100, and 200 mg/kg was found
effective against ketamine-induced neuroinflammation by lowering the TNF-α serum level in mice (Fig. 1 and Table 1) [85]. This
finding showed that THSG and SOEE exhibit anti-depressant effects through their capability in modulating anti-inflammatory activity.

3.3. Modulation of neurotransmitter

The “monoamine hypothesis” was introduced in the 20th century as a major contribution to depression, thus paving the way for
today’s anti-depressant medication. According to the hypothesis, depression is caused by the reduced release and lesser amount of
norepinephrine (NE), serotonin (5-HT), and dopamine (DA) in the CNS synaptic space [132]. Monoamine neurotransmitters such as
NE, 5-HT, and DA are essential chemical substances in the CNS that participated in a variety of bodily functions such as emotion,
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learning, andmemory [133]. NE is involved in the brain reward system as well as learning andmemory control. It also plays a vital role
in regulating arousal. The amount of NE in the hypothalamus that is significantly reduced implies that the central NE deficiency is
associated with depression [133]. Whereas, impairment of 5-HT is connected with anxiety, low mood, movement restriction,
decreased appetite, sleep disturbances, and other depression symptoms [134]. Motivation, determination, pleasure, and attention are
all controlled by DA, and all of these functions are prone to be affected in depressed patients. Prior studies also have reported that
depression is frequently followed by a hypodopaminergic condition [135]. As a result, it is well established that many anti-depressant
medications that are currently used showed their effects by manipulating the reuptake and metabolic balance of monoamine neu-
rotransmitters [132] such as MAOIs, NSRIs, TCAs, and SSRIs [7].

Cannabidiol (CBD), a phytocannabinoid isolated from Cannabis sativa L., exhibits therapeutic benefits for a variety of human
ailments such as neuropsychiatric disorders, neurodegeneration, and neuropathic allodynia [136–139]. The intraperitoneal admin-
istration of CBD at concentrations of 15, 30, and 60 mg/kg were able to improve cognitive function such as social interaction and novel
object recognition tests through a behavioural test on MK-801-induced schizophrenia in mice (Table 1) [140]. Besides that, CBD
activates serotonin 1A receptors (5-HT1A) that resulted in anti-psychotic-like effects (Fig. 1 & Table 1) [140]. CBD treatment also
alleviates convulsive syndrome induced by N-methyl-D-aspartate (NMDA) and decreased the infarct size in schizophrenic mice [141].
Besides that, CBD has been identified to exhibit antagonist-like activity towards sigma 1 receptor (σ1R) [141] attributed to a number of
pathogenesis in mental disorders including depression, schizophrenia, motor abnormalities, drug addiction, and attention deficit
disorders [142].

A biologically active compound derived from Celastrus paniculatus Willd. (black oil plant), known as 3-(3,4-dimethoxy phenyl)-1-
(4-methoxyphenyl) prop-2-en-1-one (DPMPP), appears to be a valuable therapeutic target for schizophrenia and other associated
neuropsychiatric conditions (Table 1) [143]. In vivo study has demonstrated that this bioactive compound is capable of mitigating
monoaminergic disturbances associated with neurological impairment via regulation of the CNS monoamine neurotransmitter system
[143]. The levels of monoamine neurotransmitters such as DA, NE, 5-HT, and monoamine oxidase (MAO) activity were restored to
normal following treatment with DPMPP, similarly to the treatment of a reference drug clozapine (Fig. 1 & Table 1) [143].
Furthermore, DPMPP also demonstrated to have the highest binding score against all of the dopamine receptors (D1, D2, D3 and D4)
and 5-HT2A (serotonin receptor) with the lowest inhibition constant values compared to clozapine in rats [143]. In addition, DPMPP
also exhibited the best dock score against all tested genes associated with schizophrenia such as tyrosine hydroxylase (TH), DOPA
decarboxylase (DDC), NMDA, the regulator of G protein signalling 4 (RGS4), neuregulin-1 (NRG1), catechol O-methyltransferase
(COMT), protein kinase B (AKT1), and dystrobrevin binding protein 1 (DTNBP1) compared to clozapine [144]. Thus, DPMPP could be
implemented as a promising therapeutic candidate in the treatment of schizophrenia through the modulation of various neuro-
transmitters in the CNS [144].

Previous research studies have also indicated that certain psychotic disorders are associated with an imbalance of a neurotrans-
mitter known as dopamine [145–147]. Neuroleptic medications work by blocking dopamine receptors in the brain, thus decreasing
dopamine overactivity and therefore, reducing psychosis symptoms [148]. Ficus platyphylla Delile has been proposed to have an
anti-depressant effect by modulating the dopaminergic pathway. The plant is used in Nigeria’s traditional medicine to cure a wide
range of mental diseases such as insomnia, psychotic symptoms, depression, epilepsy, pain, and inflammation [149]. Oral adminis-
tration of F. platyphylla in mice confirms that this plant has neuroleptic-like effects probably via modulation of dopaminergic neurons
based on the conditioned avoidance reaction (CAR) test (Table 1) [149].

Galphimia glauca Cav., also known as Calderona Amarilla, has been used in Latin American traditional medicine for many decades
to treat mental illnesses including anxiety, nervousness, and tension [150]. The methanolic extract from G. glauca, the galphimine-rich
fraction (GRF), and the pure galphimines (Galphimines A, Galphimines B, Galphimines C) were reported to interact with the dopa-
minergic and glutamatergic system to modify behavioural responses [151,152]. This includes potentiating the cataleptic effect
induced by haloperidol and inhibiting the behaviour activity induced by ketamine in mice that has been subjected to OFT and FST
(Table 1) [151,152]. Furthermore, the G. glauca extract and GRF were found to be responsible for suppressing positive and cognitive
symptoms associated with ketamine (a glutamatergic drug)-induced psychosis evaluated by Passive Avoidance Test (PAT) (Table 1)
[151,152].

G. mangostana Linn. is also able to modulate the neurotransmitter by increasing noradrenergic and serotonergic processes (Table 1).
The G. mangostana extract (50 mg/kg dose) displayed prominent anti-depressant-like effects in FSL rats, a genetic animal model of
depression (Table 1) [77]. Besides reversing hippocampal tissue damage, G. mangostana also has notable neuroreceptor activities,
especially 5-HT (Fig. 1 & Table 1) [77,153]. The fruit extract also displayed a putative noradrenergic mode of action in the FST as
shown by increased climbing activity and elicited a serotonergic-related mechanism (Table 1) [77]. This finding is in accordance with
regional brain monoamine examination that revealed an elevation of main metabolites of serotonin, 5-hydroxyindoleacetic acid (5-
HIAA), in the hippocampus and also an increase in 5-HT turnover (serotonin substitution) across the frontal lobe and hippocampus of
FSL rats treated with the extract (Fig. 1 and Table 1) [77].

Ginkgo biloba L. (ginkgo) is often used in China for countless generations as a popular herbal supplement [154]. It is commonly used
to cure a variety of disorders including memory impairment and dementia-like Alzheimer’s disease [155,156]. A study has demon-
strated that natural water-soluble polysaccharide extracted from G. biloba L. leaves was found to reverse the depression-related gut
dysbiosis and improve Lactobacillus sp. richness, which has been shown to be a path for the treatment of depression [157]. G. biloba L.
leaves, which has been identified to have the same effect with paroxetine drug, substantially decreased immobility periods in TST, FST,
and anxiety-like symptoms in the OFT (Table 1) [157]. G. biloba L. treatment could improve density reductions in serotonin-positive
and dopamine-positive cells by increasing the levels of 5-HT and DA throughout various regions of the brain such as in the cerebral
cortex, hippocampus, and olfactory bulb, contrary to the mice that were only exposed to CUMS (Fig. 1 and Table 1) [157]. As a result of
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this discovery, the polysaccharide extracted from Ginkgo biloba L. leaves appears to be a potential pharmacotherapeutic candidate for
the treatment of depression through the modulation of neurotransmitters. Even though G. biloba L. is commonly considered harmless,
further attention should be given to the negative consequences while conducting treatments with this herb. This is because a case
report found that a 50-year-old female with persistent schizophrenia developed cognitive problems presented with mood dysfunction
with manifestations of impatience, trouble managing frustration, anxiety, and agitation following the herb treatment (Table 1) [158].

Hyptis martiusii Benth. (Lamiaceae), known as cidreira brava, is native and abundantly available in Northeastern Brazil. The plant
has been documented to have therapeutic properties in the CNS such as having anti-depressant activity [159] and anti-convulsant
activity [160]. Intraperitoneal injection of the H. martiusii leaf essential oil (OEHM) at concentrations of 25, 50, 100, and 200
mg/kg and its main component, 1,8-cineole (eucalyptol) at a concentration of 50 mg/kg increased sleep time after being induced by
pentobarbital and ethyl ether in mice (Table 1) [161]. Besides that, OEHM and 1,8 cineole were also found to have an anti-convulsive
profile and prolonged death latency in the pentylenetetrazole (PTZ)-induced convulsion model (Table 1) [161]. PTZ is a powerful CNS
stimulant owing to its GABAA receptor inhibition capacity that produces significant excitotoxicity processes regulated by glutamate
thus causing alterations in the CNS, which are primarily exhibited as generalised tonic-clonic seizures (a form of seizure that affects the
entire body) [162–164]. Besides that, ketamine-induced hyperkinesia (excessive abnormal movements) in mice has been reversed by
OEHM (200mg/kg dose) and 1,8-cineole (50mg/kg) (Table 1) [161]. This finding is similar to haloperidol, a dopaminergic antagonist,
that caused a decrease in animal locomotor activity [165]. Therefore, this suggests that OEHM and 1,8-cineole possess an
anti-psychosis effect by regulating dopaminergic neurotransmission. Throughout this study, the oil showed anti-convulsive, hyp-
notic-sedative, and anti-psychotic-like properties thus implying that these results could be due to eucalyptol-mediated regulation of
glutamatergic and dopaminergic neurotransmission in mice (Table 1) [161].

Rapanea ferruginea Mez. which is popularly known as “Capororoca”, was used in traditional Brazilian medicine to manage several
illnesses such as skin, liver, and urinary diseases [166]. It has major compounds such as myrsinoic acid A (MAA) and myrsinoic acid B
(MAB) (Table 1) [167]. Mice acutely administered with a hydroalcoholic extract derived from barks of R. ferruginea (HEBRF) at 100,
150, and 300 mg/kg presented a dose-dependent anti-depressant-like effect by decreasing the immobility time when introduced to the
TST (Table 1) [26]. Moreover, MAA at a dose of 5 mg/kg and MAB at a dose of 3 mg/kg also have anti-depressant-like effects and
anti-anhedonic effects in mice (Table 1) [26]. In addition, HEBRF possesses an anti-depressant-like effect through the modulation of
various neurotransmitters including 5-HT, DA, and NE (Fig. 1 andTable 1) [26]. Besides that, HEBRF inhibited the monoamine oxidase
A (MAO-A) [26], a flavoenzyme that degrades the neurotransmitters such as 5-HT, DA, and NE [168] in the hippocampus (HIP) and
prefrontal cortex (PFC) of mice (Fig. 1 and Table 1) [26]. Therefore, these findings suggest that HEBRF exerted an anti-depressant-like
effect through the modulation of monoaminergic as well as lowering the MAO-A activity in mice.

A neurochemical analysis demonstrated that pre-treatment with SOEE significantly inhibited the ketamine-induced dopamine
hyperactivity, attenuate ketamine-induced acetylcholinesterase (AChE), and increase the GABA concentration in psychotic mice
(Table 1) [85]. Dopamine concentration at abnormally high levels in certain regions of the brain can generate harmful reactions on
physiological and psychological aspects such as violent behaviour, hallucinations, and delusions [169]. In addition, Acetylcholine
(ACh), a neurotransmitter that is essential in learning and memory [170] is degraded by the enzyme Acetylcholinesterase (AChE),
which also contribute to the pathology of neurodegenerative disorders [171]. Biochemical analysis revealed that ketamine-induced
mice had a significantly increased AChE activity, which may result in the reduction of ACh concentrations while a decrease in
AChE activity has been identified following pre-treatment of SOEE in mice (Fig. 1 and Table 1) [85]. The reduction of AChE activity by
SOEE leads to an increase of ACh level at synaptic cleft, thus making ACh function normally throughout the CNS (Fig. 1 and Table 1)
[170] as well as parasympathetic nervous systems such as smooth muscles contraction, blood vessels dilation, body fluids improve-
ment, and heart rate reduction [172]. A similar finding has been identified in Brahma Vati (BV)-treated group in which the activity of
AChE was significantly lower compared to the control group (Table 1) [93]. Reduced AChE activity caused by BV treatment is thought
to improve cholinergic activity by raising the ACh levels, thus preserving and enhancing cognitive functions (Fig. 1 and Table 1) [93].
Furthermore, the anti-psychotic effect may be related to the existence of flavonoids and polyphenols in SOEE, both of which are
considered to have GABA agonist properties. This is confirmed by previous studies regarding the GABA agonists agent that contributes
to the higher GABA levels in the brain that might prevent or delay schizophrenia progression [173,174].

Xiaoyaosan is a classic Chinese compound that has been used to treat mental illnesses for thousands of years, dating back to the
Song dynasty that began from 960 to 1279 [175]. This formula consisted of 8 Chinese herbs including Bupleurum chinense DC., Paeonia
lactiflora Pall., Angelica sinensis (Oliv.) Diels, Poria cocos F.A.Wolf,Atractylodes macrocephala Koidz., Glycyrrhiza acanthocarpa (Lindl.) J.
M.Black, Zingiber officinale Roscoe, andMentha alaica Boriss. This formulation has been found to be safe and beneficial in the treatment
of a variety of conditions associated with mental illnesses such as anti-depressant [176–178]. Administration of both treatments of
Xiaoyaosan suspension (250 mg/kg) and fluoxetine (2.6 mg/kg) exhibited the anti-depression properties in CUMS-induced mice with
depressive-like features such as increase of sucrose preference and reversed the anhedonia in the CUMS rats (Table 1) [179].
Xiaoyaosan and its positive control, fluoxetine, also alleviate the depression effect by reducing hyperlocomotor activity in the OFT
[179]. In addition, treatment with Xiaoyaosan significantly enhanced the contents of 5-HT and DA in CUMS hippocampus rats (Fig. 1)
[180]. This could explain the mechanism of Xiaoyaosan in alleviating depression effects through modulating the monoamine
neurotransmitter.

Viola odorata L., is a tiny perennial herb also referred to as sweet violet, Gule-Banafsh or English violet and has been traditionally
used as an analgesic, anti-pyretic, anti-inflammatory, anti-oxidant, anti-helminthic. It is also being used to treat several neurological
disorders such as depression and anxiety [181,182]. A study also revealed the anti-depressant activity of novel flavonoids derivatives
such as 5,7-Dihydroxy-3,6-dimethoxyflavone, 5,7,4′-trihydroxy-3′,5’dimethoxyflavone, and 5,7,4′-trihydroxy-3′-methoxyflavone iso-
lated from the herb (Table 1) [2]. Intraperitoneal administration of these 3 compounds at a concentration of 1–30 mg/kg significantly
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reduced the immobility period in TST and FST in mice (Table 1) [2]. Furthermore, additional studies using mice pre-treated with 5HT,
DA, and adrenergic antagonists inhibitors revealed that these 3 novel compounds produced a significant increase in 5-HT concen-
trations in the brain tissue (Fig. 1 and Table 1) [2]. These compounds could also interact with several serotonin receptors such as
5HT1A, 5HT2A, and 5HT3 according to molecular docking findings [2]. This finding indicates that these compounds have
anti-depressant-like properties that are regulated through the serotonergic system.

Unmadgajakesari (UGK) is a herb-mineral formulation that has been used to treat depression by modulating various neurotrans-
mitters [183]. UGK is prescribed for the treatment of psychosis and epilepsy in Ayurveda practitioners in India [183]. UGK appears to
be a novel medication that modulates multiple neurotransmitters at different times resulting in the regulation of the multireceptor
profile. For example, UGK exhibited significant dopaminergic, serotonergic, and NMDA reducing activities in several animal models
that have been subjected to apomorphine-induced climbing (dopamine), 5-HTP induced head twitches (serotonin), and antagonism of
MK-801-induced hyperlocomotion (NMDA), respectively in mice (Fig. 1 & Table 1) [183]. This study thus validated the theory in
Ayurveda that UGK is effective in the treatment of depression.

ZL is a traditional Chinese medicinal complex formula comprised of 16 different herbs including Schisandra chinensis (Turcz.) Baill.,
Ziziphus abyssinica Hochst. ex A.Rich., Codonopsis affinis Hook.f. & Thomson, Cinnamomum cassia (L.) J.Presl, Rehmannia glutinosa
(Gaertn.) DC., Dioscorea polystachya Turcz., Paeonia suffruticosa var. papaveracea (Andrews) A. Kern., Gardenia jasminoides J.Ellis,
Cassia abbreviata Oliv., Inula japonica Thunb., Polygonum multiflorum Thunb., Trichosanthes kirilowii Maxim., Bambusa tuldoides Munro,
Lophatherum gracile Brongn., Ophiopogon japonicus (Thunb.) Ker Gawl., and Zingiber officinale Roscoe. This formulation exhibited anti-
depressant-like effects on rats exposed to CUMS (Table 1) [184]. Treatment with ZL enhanced body weight and improved sucrose
intake while decreasing the immobility period in FST and TST [184]. ZL also possessed anti-depressant effects through the upregu-
lation of monoamine neurotransmitters such as NE, 5-HT, and DA in the hippocampus of CUMS rats (Fig. 1 and Table 1) [184].
Interestingly, ZL has been identified to have a similar anti-depressant-like activity to fluoxetine, a currently available medication for
anti-depressant (Fig. 1 and Table 1) [184].

3.4. Neuroprotective effects and regulation of the biochemical pathway

Neurogenesis is an important form of neuroplasticity that occurs in the adult brain and play essential roles in learning, memory, and
emotional control. Thus, depression highly depends on the growth and survival of new neurons in the hippocampus [185]. The most
essential neurotrophic factor in the brain, known as a brain-derived neurotrophic factor (BDNF), contribute to the survival, growth,
and maintenance of neurons [186]. BDNF also regulates synaptic plasticity and neural integrity in neuronal networks in which its low
level is associated with the development of depression [187,188]. A growing body of evidence suggests that BDNF and oxidative stress
are involved in the pathogenesis of MDD and bipolar disorder [186]. There was additional evidence whereby a decrease in BDNF
expression was linked to other neurodegenerative disorders such as schizophrenia [189,190]. Previous research has also found that
BDNF blood level is lower in depressive patients compared to healthy people, while anti-depressant treatment increases its levels
[191–193]. In this review, we have identified several plants and compounds that act as an anti-depressant through the modulation of
BDNF level as well as other neuroprotective mechanisms.

For example, AVLE has been shown to increase hippocampal BDNF expression and decreased hippocampus cell apoptosis by
altering the B-cell lymphoma 2 (Bcl-2)/Bax pathways in rats exposed to CUMS (Fig. 1 and Table 1) [24]. Bcl-2 and Bax family proteins
play critical roles in regulating apoptosis and cell survival in reaction to various apoptotic stimuli [194]. Given the reduction in BDNF
caused by oxidative stress, it has been postulated that AVLE administration could protect the BDNF system from the negative effects of
oxidative stress following CUMS exposure, therefore, alleviating depressive symptoms [24]. This study revealed that AVLE exhibited
anti-depressant-like effects in CUMS through elevation of hippocampus BDNF levels as well as regulation of Bcl-2/Bax pathways.

Berberine chloride hydrate (BBR) is an isoquinoline alkaloid discovered in the root of Coptis chinensis Franch. (goldenthread)
extract offered multiple pharmacological effects such as anti-bacterial, anti-inflammatory, and anti-ischemic properties [195] as well
as neuroprotective activity [196]. Studies indicate that BBR appears to attenuate neuronal damage in animal models of Parkinson’s
disease, brain ischaemia, stroke, and encephalomyelitis [197–200]. Previous research also has attempted to demonstrate that BBR
treatment reduces cell death and increases neuronal differentiation in the hippocampus, a crucial learning and memory centre in the
brain [195]. BBR has also been shown to promote the survival of NMDA receptor-expressing neural cells [201]. NMDA receptor
signalling is one of the most important pathways that is involved in cognitive, locomotor, synaptic plasticity, learning, and memory
[202,203] and its impairment in several brain regions, particularly the prefrontal cortex (PFC), produces schizophrenia-like symptoms
[204]. In addition, BBR exerts a neuroprotective effect in rats subjected to MK-801 that induced behavioural impairment (Table 1)
[205]. Intraperitoneal administration of BBR (20 mg/kg) in rats with MK-801-induced schizophrenia revealed that BBR treatment
improved balance disturbances, locomotor agitation, and spatial learning problems. This implies that BBR treatment may be useful in
MK-801-related cognitive abnormalities (Table 1) [205]. Altogether, it is hypothesised that BBR administration could be used as a
treatment for schizophrenic patients via the neuroprotective effect mechanism.

The activity level of 3 adenosine triphosphatase (ATPases) was restored to a normal level in the hippocampus (HC), cerebellum
(CB), and cerebral cortex (CC) after pre-treatment with bioactive compound DPMPP on ketamine-induced schizophrenic rats (Fig. 1 &
Table 1) [206]. These ATPases such as sodium–potassium adenosine triphosphatase (Naþ/Kþ-ATPase), magnesium-importing aden-
osine triphosphatase (Mg2þ ATPase), and calcium adenosine triphosphatase (Ca2þ ATPase) play a critical role in maintaining the
excitability of neurons, transmitting ion gradients, signalling pathways for neurotransmitter as well as an energy transducer through
the interaction of ATP hydrolysis with bioenergetic processes. ATPase abnormalities have been documented to include numerous
neurological disorders such as Alzheimer’s disease [207], bipolar mood disorder [208], seizures [209,210], and spongiform
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encephalopathy, which is a progressive degenerative brain disorder characterised by multiple tiny holes in the brain tissue that give
the brain an appearance like a ‘sponge’ [211]. The activity levels of all 3 ATPases were restored to their original state after
pre-treatment with the DPMPP indicating that energy loss that happened during ketamine-induced schizophrenia in rats has been
recovered. This is comparable to the reference compound treatment of clozapine (Fig. 1 and Table 1) [206]. In addition, the molecule
DPMPP showed robust interaction and had the highest binding energies against all 3 ATPases (Naþ/Kþ-ATPase, Mg2þ ATPase, and
Ca2þ ATPase) while having the lowest inhibition constant value compared to clozapine (Fig. 1 and Table 1) [206]. The findings of this
study clearly show that the DPMPP has a considerable neuroprotective effect through modifying bioenergy pathways that were dis-
rupted during the induction of schizophrenia [206].

Oral administration of herbal complex extract (CPT) consisted of Clematis chinensis Osbeck (Ranunculaceae), Prunella vulgaris Linne
(Lamiaceae), and Trichosanthes kirilowii Maximowicz (Cucurbitaceae) at concentrations of 100 or 300 mg/kg alleviated the abnormal
behaviours induced by MK-801 in mice such as sensorimotor deficits as well as social or object recognition memory deficits in mice
(Table 1) [212]. In addition, CPT was able to reduce expression levels of phosphorylated-Akt (p-Akt) as well as glycogen synthase
kinase 3 beta (GSK-3b) in the prefrontal cortex that has been induced in the MK801-mice model (Fig. 1 and Table 1) [212]. The
Akt/GSK-3b signalling pathway is one of the most recognised pathways associated with schizophrenia [213] and is important in the
pathophysiology and treatment of psychiatric disorders [214]. The level of phosphorylation of Akt and GSK-3b has been altered after
injection of MK-801 [215,216], however, these changes were reversed by CPT (Fig. 1 and Table 1) [212]. These findings suggest that
CPT improves MK-801-induced dysfunction in sensorimotor deficits, social interactions, and cognitive performance, in part via
modulating the Akt/GSK-3b signalling pathways.

G. elata demonstrated a neuroprotective activity against CORT-induced apoptosis in PC12 cells [96], a cell line originated from rat
pheochromocytoma, which is an adrenal medullary tumour [217] that is widely used in neuroscience research [218]. Pre-treatment
with G. elata at different concentrations ranging from 250, 500, and 1000 μg/ml resulted in a significant increase in PC12 cell survival
rates, thus demonstrating that G. elata alleviates the harmful effect of CORT treatment (Table 1) [96]. Besides that, G. elata was also
able to alleviate lactate dehydrogenase (LDH) leakage in CORT-induced PC12 cells (Fig. 1 and Table 1) [96] indicating that the
treatment promotes cell membrane integrity [96,219]. Furthermore, G. elata markedly alleviated the endoplasmic reticulum (ER)
stress-mediated apoptotic pathways induced by CORT through the downregulation of several protein expression levels such as
glucose-regulated protein 78 (GRP78), X-box binding protein 1 (XBP-1), growth arrest and DNA damage 153 (GADD153), caspase 9,
and caspase 12 in the PC12 cells (Table 1) [96]. As a result, G. elatamay have the potential as a novel therapeutic agent for depression
that acts through neuroprotective effects.

THSG treatment was able to accelerate astrocyte multiplication and neurogenesis in the hippocampal of CRS-treated mice (Table 1)
[90]. The THSG treatment also upregulated neurogenesis-related protein, known as doublecortin (DCX) expression in the mice hip-
pocampus, of which long-term CRS exposure significantly decreased its expression (Fig. 1 and Table 1) [90]. This study also
demonstrated the effect of THSG treatment on the upregulation of glial fibrillary acidic protein (GFAP) expression in MDD mice
hippocampal tissue (Fig. 1 and Table 1) [90]. GFAP expression that was considered as a glial cell biomarker was significantly
downregulated in depressed individual hippocampus tissues [220]. THSG also improved the Akt signalling pathway, which is asso-
ciated with neuroprotection, by upregulating the expression of the p-Akt protein in the brains of the CRS-treated mice (Fig. 1 and
Table 1) [90]. Overall, the neuroprotective effect of THSG is mediated by a number of complex mechanisms including in vivo
anti-oxidative mechanism, anti-inflammatory effects, and neurogenesis stimulation.

Mogroside V (MogV) from Siraitia grosvenori Swingle (monkfruit) demonstrated a wide range of pharmacological properties such
as anti-oxidant [221], anti-cancer [222,223], and anti-inflammatory [224]. A recent study has demonstrated that Mogroside V and its
bioactive component, called 11-oxo-mogrol, have neuroprotective properties against MK801-induced neuronal damages (Table 1)
[27]. Besides that, MK-801-induced prepulse inhibition impairments and social withdrawal were also alleviated by MogV treatment in
behavioural experiments (Table 1) [27]. Furthermore, MogV administration also alleviated the cellular and neurochemical alterations
caused by MK-801 induction in the medial prefrontal cortex (mPFC) in mice (Table 1) [27]. Moreover, an in vitro examination of
primary neuronal culture revealed that the treatment with MogV and 11-oxo-mogrol protected MK-801-induced neuronal damage by
enhancing neurite development, preventing cell apoptosis, and reducing intracellular calcium [Ca2+] release (Table 1) [27] while
excessive calcium will mediate excitotoxicity in the neurons [225]. In addition, 11-oxo-mogrol restored MK801-induced inactivation
of phosphorylation levels of Akt and mechanistic target of rapamycin (mTOR) (Fig. 1) [27]. The Akt pathway plays an essential part in
neuronal cell survival [226], whereas the mTOR pathway plays a crucial role in the neural network development and suppressing
apoptotic processes [227]. 11-oxo-mogrol could prevent MK801-induced neuronal apoptosis by activating the Akt/mTOR pathway
(Fig. 1 and Table 1) [27]. These findings imply that MogV may have therapeutic potential for schizophrenia due to its neuroprotective
properties.

Xiaoyaosan also possesses neuroprotective properties by controlling the imbalance of excitatory or inhibitory amino acids in the
brain of CUMS mice (Table 1) [179]. The changes in the ratio of excitatory and inhibitory amino acids in the brain have a significant
impact on the incidence of depression [228]. Excitatory neurotransmitters such as glutamic acid (Glu) and aspartic acid (Asp) enhance
the transmission of brain impulses and increase the activity of the nervous system. Meanwhile, inhibitory neurotransmitters such as
gamma-aminobutyric acid (GABA) and taurine (Tau) inhibit the transmission of brain impulses and thereby, reduce the activity of the
nervous system. The significant increase of excitatory amino acids such as Glu and Asp level is closely associated with depression
[229], whereas a significant decrease of GABA and Tau has been identified in depressed patients [230]. Xiaoyaosan has significantly
reduced the amounts of Glu and Asp in the hippocampus implying that it may prevent excitatory neurotoxicity that is induced by the
accumulation of glutamate and aspartate in the hippocampus of depressive rats [180].

Furthermore, several herbal formulations such as MFX, PAPZ, and ZL showed a neuroprotective effect on an animal model. For
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example, treatment of MFX could stimulate neurogenesis by increasing the level of DCX, BDNF, and tropomyosin-related kinase re-
ceptor B (TrkB) in the hippocampal of LPS-induced mice (Fig. 1 and Table 1) [124]. Whereas, continuous PAPZ treatment was able to
enhance BDNF protein expression in the hippocampus tissue in mice (Fig. 1 and Table 1) [78]. In addition, ZL also has
anti-depressant-like effects through the BDNF signalling pathway (Fig. 1 and Table 1) [184]. The BDNF protein and mRNA levels in the
CUMS rat hippocampus increased significantly following treatment with the ZL formula compared to the control group (Fig. 1 and
Table 1) [184]. Besides that, other important neurotrophins that are involved in the BDNF signalling pathway such as p-CREB/CREB
level was significantly increased after the administration of ZL [184]. Moreover, cAMP that can upregulate CREB phosphorylation also
was found to be increased after the ZL treatment on CUMS rats [184]. All of these findings suggest the therapeutic potential of MFX,
PAPZ, and ZL as an anti-depressant through neuroprotective effects.

3.5. Hypothalamic-pituitary-adrenal (HPA) axis-related anti-depressant mechanisms

The hypothalamic-pituitary-adrenal (HPA) axis is a fundamental component of the stress-response systems, which include the
neurological and endocrine systems [231]. In a normal condition, the hypothalamus secreted corticotropin-releasing hormone (CRH)
and arginine vasopressin (AVP), which were delivered into the corticotroph cells in the anterior pituitary gland. They then syner-
gistically induce the secretion of adrenocorticotropic hormone (ACTH) into the blood circulation. The secretion of ACTHwill stimulate
the adrenal gland to produce glucocorticoids (GC) such as cortisol (Fig. 2) [232]. In the 1970s, researchers discovered that the HPA axis
is one of the pathological hypotheses of depression [233,234]. MDD is one of the mental illnesses that has been characterised by
hyperactivity of the HPA axis that is associated with an abnormally high release of CRH, ACTH, and elevated GC production such as
cortisol (or corticosterone (CORT) in rodents). The release of these mediators could contribute to the hippocampal neurons impairment
and reduction of cognitive function in depressed patients (Fig. 2) [235–237] while chronic administration of anti-depressants could
attenuate or reversed this problem.

CUMS is known to increase the levels of CORT, CRH, and ACTH in both plasma and the hypothalamus of rats accompanied by
depressive-like changes in behaviour, thus proving that hyperactivity of the HPA axis is linked to the pathophysiology of depression
(Fig. 2) [180]. Animal models subjected to CUMS also showed long-term changes in behavioural coping, motivational states, anhe-
donia (a diminished ability to enjoy pleasure), and other emotional and cognitive symptoms similar to those seen in depressed in-
dividuals [238,239]. A natural product AVLE treatment at concentrations of 30, 60, and 125 mg/kg was shown to have
anti-depressant-like effects in CUMS-exposed rats that is equivalent to positive control fluoxetine at 10 mg/kg (Table 1) [24]. AVLE
treatment was also shown to reduce the activity of the HPA axis in CUMS rat model by modulating ACTH and CORT serum levels
(Table 1, Figs. 1 and 2) [24].

KXS and Xiaoyaosan formulae also have been identified to exhibit anti-depressant activity through the regulation of the HPA axis.
For example, 6 weeks intervention of KXS formulae in mice was able to suppress HPA activation by reducing stress-related hormone
levels in the serum and organs such as CRH in the hypothalamus, ACTH in the pituitary gland, and corticosterone in the adrenal gland
compared to the CUMS group (Table 1, Figs. 1 and 2) [122]. Besides that, another study also demonstrated that Xiaoyaosan could
significantly reduce the levels of CRH, AVP, ACTH, and CORT in the plasma and hypothalamus hence indicating that anti-depressant
effects demonstrated by Xiaoyaosan were due to its ability to suppress the HPA axis hyperactivity (Figs. 1 and 2) [180]. This finding
further suggested that chemicals from the Xiaoyaosan prescription may be useful for treating depression owing to their positive effects
on depressive-like behaviours in CUMS-mice possibly via the HPA axis regulation [179].

3.6. Anti-depressant effect with unknown mechanism

Several plants possessed significant anti-depressant activity, however, their mechanism of action remains undiscovered. For
example, aromatherapy, a complementary medicine that employs medicinal plants, is frequently used to prevent various illnesses
including depression, anxiety, insomnia, bipolar disorder, and stress-related conditions [15,240]. Through inhalation of essential oils,
signals are transmitted from the olfactory system to the brain, and thus the brain is responsible for regulating depression and mood
disorders through the secretion of neurotransmitters such as serotonin and dopamine [15]. Recent behavioural experiments that have
been carried out on dizocilpine (MK-801)-induced schizophrenia in mice has demonstrated that inhalation of α-pinene substantially
decreased abnormal behaviour in treated mice such as hyperactivity and anxiety-like behaviours (Table 1) [14]. α-pinene is a naturally
occurring terpene compound found in the oil of coniferous trees and as well as in rosemary (Rosmarinus officinalis L.) oil, Eucalyptus
abdita Brooker & Hopper oil, Bupleurum fruticescens L., and Opuntia humifusa (Raf.) Raf., which are also widely used as food-additive.
Inhalation of α-pinene previously has been identified to cause accumulation of α-pinene in the brain [241]. Therefore, α-pinene, which
acts on the CNS, may be used as a therapeutic agent for psychoneurotic disorders such as schizophrenia [14]. Apart from that, α-pinene
is also thought to have other physiological impacts on humans [242,243] such as anti-inflammatory [244], anti-convulsant [245],
anti-oxidant [246], and anti-nociceptive effects [247].

Besides that, hydro-ethanolic extract of the roots of deciduous tree, Albizia zygia (DC.) J.F. Macbr., has long been used across Africa
to treat infertility, pain, and malaria [248]. The extract also exhibited anti-psychotic-like behaviour in mice with the ability to reduce
schizophrenia symptoms including positive (excess or impairment of normal function such as hallucinations and delusions), negative
(normal function deterioration such as loss of motivations, social withdrawal, and lack of emotion), and cognitive indicators (impaired
to organise, impair memory, and attention as well as poor decision making) (Table 1) [249]. Furthermore, the extract that has been
given through oral gavage at concentrations of 30, 100, and 300 mg/kg was found to significantly decrease ketamine-induced
hyperlocomotion, immobility, apomorphine-induced climbing behaviour, and object recognition in mice (Table 1). In addition, at
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the lowest dose of 30 mg/kg, the extract also significantly reduced haloperidol-induced catalepsy in mice (Table 1) [249]. A. zygia also
possesses various pharmacological activities such as anti-nociceptive, anti-oedemic, anti-pyretic, and anti-oxidant properties [250,
251].

In addition, Calculus bovis Sativus (CBS) improved the anti-schizophrenic effectiveness of haloperidol by increasing its bioavail-
ability [252]. CBS, also known as ‘niu-huang’ in China, is one of the TCM that has been traditionally used to treat neurological
problems [253]. Oral co-administration of CBS (50, 100, 150 mg/kg) with haloperidol (1.4 mg/kg) for 7 days resulted in a synergistic
effect after treating with MK-801-induced schizophrenia rats (Table 1) [252]. Compared to the treatment with haloperidol alone, the
combination of haloperidol and CBS demonstrated stronger inhibition of psychosis-like symptoms such as decreased locomotor ac-
tivity and anxiety [252]. The data proposed that the combination of haloperidol and CBS may have a synergistic impact on haloperidol
pharmacodynamics due to changes in haloperidol intestinal absorption (Table 1) [252]. Human trials should be performed to
determine the clinical significance of the synergistic effects of haloperidol and CBS, as well as their mechanism of action [252].

Crocus sativus L., (saffron) also has a long history of usage in traditional medicine [254]. The plant possesses major compounds such
as crocins, crocetin, picrocrocin, and safranal [255] that are known to relieve depression [256,257]. In a group of older people with
MDD, intervention with Crocus sativus 60 mg/day for 6 weeks had the same effects in alleviating depression symptoms as the positive
control of sertraline (Table 1) [258]. The study was conducted using randomised, medication-controlled and double-blind design and
the depression symptoms were measure using the Hamilton Depression Rating Score [258]. Furthermore, MDD patients with
post-menopausal hot flashes who were given C. sativus (30 mg/day) for 6 weeks have successfully improved their conditions (Table 1)
[259]. As the plant extract may have fewer side effects, this could provide a non-hormonal and alternate herbal medicine in the
treatment of MDD in older women (Table 1) [259]. In addition, Irritable Bowel Syndrome (IBS) patients that are characterised by
recurrent abdominal pain accompanied by depression and anxiety can be ameliorated by consuming C. sativus at 30 mg/day for 6
weeks and can be as efficient as fluoxetine (40 mg/day) drug (Table 1) [260].

According to preliminary findings, the combination of rhodiola (Rhodiola rosea L.) and saffron (C. sativus L.) was also effective in
treating depression and anxiety disorders in MDD patients (Table 1) [261]. Rhodiola, also known as golden root, has been used for
centuries to boost physical and mental toughness [262,263] as well as showing anti-depressant activity in preclinical and clinical
studies [262,264,265]. Additionally, pre-treatment with the plant extract substantially improved apomorphine and
dizocilpine-induced prepulse inhibition deficits in mice and rats (Table 1) [266]. Prepulse inhibition is a well-known method in the
measurement of sensorimotor gating, which is disrupted in schizophrenia and other psychotic disorders [266]. However, additional
investigation is required to determine the pharmacological mechanisms and current compounds that underpin the anti-depressant
impact of R. rosea and C. sativus.

Cuscuta species such as Cuscuta chinensis Lam (Convolvulaceae) and Cuscuta epithymum (L.) L. (dodder) are important herbs and are
traditionally used by the Persians for treating neurologic and psychotic disorders including depression [267,268]. The Cuscuta sp. is
rich in flavonoids exhibiting pharmacological properties such as anti-viral, anti-cancer, anti-proliferative, anti-oxidant,
anti-inflammatory, anti-microbial, and anxiolytic activity [269]. Patients that receive C. chinensis at 500 mg/day for 6 weeks showed a
significant improvement in their depressive symptoms compared to fluoxetine treatment (Table 1) [267]. Besides that, some adverse
effects were noticeably lowered in the C. chinensis groups such as reduction of sexual dysfunction, palpitation, dry mouth, decreased
appetite, and abdominal discomfort compared to the fluoxetine group (Table 1) [267]. Furthermore, schizophrenia patients that
received a total dose of 1000 mg C. epithymum per day demonstrated that it safely improved cognitive disabilities with no serious side
effects (Table 1) [268]. A double-blind randomised trial also demonstrated that the formulated herbal syrup consisting of C. chinensis
and lavender (Lavandula angustifoliaMill.) were found to be beneficial as citalopram in treating depression and had markedly stronger
anxiolytic properties compared to the standard drug of citalopram (20 mg/day) (Table 1) [270]. Considering these plants have been
traditionally used for patients with anxiety and depression disorders, further study should be performed to determine the plant
bioactive compounds that are responsible for the anti-depressant effect and their mechanisms of action.

Milicia excelsa (Welw.) C.C. Berg, also known as the Iroko tree or African teak, is a species of native tree in Africa [271]. This plant is
used in African traditional medicines for the treatment of anaemia [272], sexual dysfunction [273], as well as mental illnesses [274,
275]. Oral administration of ethanol leaf extract of M. excelsa (EME), aqueous fractions (AF), and ethyl acetate fractions (EAF) at
different doses of 250, 500, and 1000 mg/kg showed that the duration of grooming behaviour in mice decreased significantly in
swim-induced grooming behaviour experiment compared to the control group (Table 1) [276]. Previous studies revealed that
stress-induced grooming such as cleaning of skin and fur is associated with high anxiety levels [277,278] related to depression [279].
Besides that, in ketamine-induced hyperlocomotion, EME, and all fractions (aqueous (AF), butanol (BF), ethyl acetate (EAF), and
(hexane (HF)) also significantly inhibited hypermotility, while AF has greater ataxia reducing effect compared to the standard
anti-psychotic medication of haloperidol (Table 1) [276]. Besides that, EME and EAF also significantly reduced climbing behaviour in
mice suggesting that the extract and fraction were able to alleviate depressive symptoms in apomorphine-treated mice [276]. The
median lethal dose (LD50) of EAF and AF was found to be greater than 5000 mg/kg in mice indicating that the fractions are potentially
safe to be implemented in humans [276].

Withania somnifera (L.) Dunal (Ashwaganda) is a medicinal herb that has been long exploited in Ayurvedic medicine. Several
clinical trials suggest that the extracts of this plant could be beneficial in the treatment of mental illnesses such as depression or anxiety
[280,281]. The oral intake of W. somnifera extract at doses of 250 mg twice daily for the first week and 500 mg ofW. somnifera extract
twice daily for the second week improved schizophrenia conditions (Table 1) [282] including anxiety and depression symptoms [283].
All these patients took part in a randomised, double-blind, and placebo-controlled clinical trial study in which neither the patients nor
the researchers were aware of the respective treatments [283]. Although such studies hinted at the use of these phytocompounds in
clinical settings, further research is still required to identify its potential mechanism as an anti-depressant agent.
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Lastly, herbal syrup combination called EACS syrup (containing Echium amoenum Fisch. & C.A.Mey., Melissa officinalis L., and
Crocus sativus L.) and pycnogenol also showed to have anti-depressant activity (Table 1) [284,285]. MDD patients that were randomly
selected to receive EACS syrup for 8 weeks also demonstrated fewer side effects compared to citalopram control (Table 1) [285].
Whereas, oral pycnogenol supplementation at a concentration of 50 mg on MDD patients for 16 weeks showed improvement of
depressive symptoms and resulted in attenuation adverse effect of sexual dysfunction induced by escitalopram (Table 1) [284].
Pycnogenol is a bark extract from the Pinus pinaster Aiton tree and has been traditionally used to decrease blood sugar levels, improve
vascular permeability, reduce oxidative damage, and suppress inflammatory reaction [284,286] as well as improvement of erectile
dysfunction [287]. Pycnogenol supplementation can be used as a complementary therapy for anti-depressant-induced sexual
dysfunction. However, further assessments should be done to enhance our knowledge regarding the effect and mechanisms of EACS as
well as pycnogenol as an anti-depressant.

4. Challenges and future perspective of medicinal plants and traditional medicine in the treatment of depression

Although natural products and traditional medicine are valued for their natural origins and medicinal potential, particularly in the
context of antidepressant effects as mentioned earlier, they are not without limitations. Several challenges and shortcomings need to be
addressed to elevate the efficacy and safety of these alternative treatments for human health.

One of the most critical challenges is ensuring quality control of herbal and traditional medicine products. As many are traditionally
produced or locally sourced, maintaining consistent quality and standards can be a significant hurdle. For example, the standardization
of bioactive compounds can be difficult due to non-standardised procedures, sourcing from various regions and farmers, variations in
processing, and limited access to modern technology for traditional practitioners or producers. The inclusion of multiple herbs in a
single formulation further complicates the identification of the active ingredients responsible for therapeutic effects [288]. Without
proper standardization, these products may not be as effective as claimed and could result in batch-to-batch variability. Worse, they
may contain adulterants or contaminants that could pose health risks. Therefore, stringent standardization and quality control
measures are essential to ensure the reproducibility and consistency of treatment outcomes [288]. Achieving this may require close
collaboration between practitioners, research institutions, universities, and government agencies to develop rigorous standard
operating procedures (SOPs) for traditional and alternative medicinal products. Recently, artificial intelligence (AI) has been utilised
alongside technologies like hyperspectral imaging and high-throughput omics approaches to enhance quality control of these products
[289–291], and this could be revolutionary for the future of alternative and complementary medicine.

Another major challenge in traditional and alternative medicine is ensuring consumer safety. The potential toxicity of herbal
products must be thoroughly considered [292], but the lack of standardization, as discussed earlier, makes this task more difficult. Two
major markers of toxicity in medicinal products are nephrotoxicity and hepatotoxicity, which lead to kidney and liver damage,
respectively [292,293]. In addition, research has documented other forms of toxicity, such as effects on reproduction [294], the
cardiovascular system [295], and the nervous system [296]. For herbal products, this is further complicated by variations in response
and dose independence across different populations and individuals [297]. The potential long-term side effects of these traditional
medicines and possible interactions with conventional antidepressants are also significant concerns. As a result, future regulations for
herbal and traditional medicine products should include clear, methodical, and instructive guidelines for commercial approval,
ensuring their safety before entering the market. Furthermore, these products must move beyond pre-clinical studies and pharma-
copoeial evidence, with high-quality randomised controlled trials (RCTs) being essential to demonstrate their safety and efficacy. This
will require coordinated support from both government and industry to secure proper funding and streamline the approval process.

Finally, the complex relationship between traditional and Western medicinal practices is another critical factor in the future
adoption of alternative medicine for depression treatment. Traditional healers may lack the knowledge and expertise in modern
psychological approaches to treating depression, leading to a mismatch between traditional practices and systematic care [298,299].
Conversely, while most healthcare professionals are trained in modern psychiatric treatments, integrating alternative and traditional
practices may require further familiarization and understanding [300]. Patient acceptance of these alternative treatments may also
depend on cultural and personal beliefs, making it crucial for practitioners and clinicians to navigate these differences sensitively
[301]. Moreover, unlike conventional medications that typically target specific molecular pathways, traditional and alternative ap-
proaches often consider a broader scope, addressing the patient’s physical, spiritual, and emotional well-being [301,302]. While this
holistic approach has its merits, it complicates the prediction of treatment outcomes based solely on biological markers, leading to
varying degrees of efficacy across individuals. Therefore, engaging both traditional and mainstream medical practitioners in discus-
sions and research on best practices for traditional and alternative medicine is essential to ensure that all potential avenues for
depression treatment are fully explored and utilised.

5. Conclusion

Complementary and alternative medicine plays an essential role in the treatment of psychiatric disorders such as depression. There
is no exception even in this research as each plant species has demonstrated its targeting effect as an anti-depressant while being fairly
safe with few side effects, if any. For example, C. americanum, E. velutina, and G. mangostana may act due to their potent anti-oxidant
activity. Whereas, Cinnamomum sp. (C. burmannii, C. zeylanicum and C. tamala), TCM such as KXS and SHXW andMFX, as well as SOEE
demonstrated to act as anti-inflammation substances to ameliorate depression pathology. Furthermore, several plants or compounds
act through the modulation of neurotransmitters such as F. platyphylla, G. glauca, cannabidiol, and DPMPP. Besides that, several plants
possess neuroprotective effects such as G. elata, BBR, THSG, and P. cocos. In addition, AVLE, KXS, and Xiaoyaosan may reverse the
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hypothalamic-pituitary-adrenal (HPA) axis dysfunction. Last but not least, there are several plants that have significant anti-depressant
effects such as A. zygia,M. excelsa, R. rosea, andW. somnifera, however, their mechanism of action remains undiscovered. In future, key
compounds in these plant extracts or other formulations should be identified and elucidated to pinpoint their exact mode of action in
ameliorating depression. Furthermore, toxicology testing, bioavailability studies, pharmacokinetic evaluation as well as systematic
clinical trials must be performed to make sure their safety and effectiveness (efficacy) in the treatment of human depression. Chal-
lenges and future perspectives of traditional and alternative medicine are also discussed to unravel key points to potentially advance
their development and adoption in mainstream depression treatment. Overall, this review is hoped to offer health care professionals
the best possible alternatives of anti-depressants from natural phytocompounds that are efficacious, safe and affordable, with minimal
or no side effects. This may also assist scientists and physicians in understanding and better evaluating specific plant extracts pos-
sessing bioactive compounds with potential to act as anti-depressants for applications in clinical settings.
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[46] P. Gałecki, J. Szemraj, M. Bieńkiewicz, A. Florkowski, E. Gałecka, Lipid peroxidation and antioxidant protection in patients during acute depressive episodes

and in remission after fluoxetine treatment, Pharmacol. Rep. (2009).
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