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ABSTRACT

Objective: This study explores the neurobiological underpinnings of Major depressive disorder (MDD), focusing on neuro-
imaging, neurotransmitter dysregulation, and emerging therapeutic approaches, to identify potential avenues for innovative
treatment development.

Methods: A review of recent neuroimaging studies, postmortem analyses, and neurotransmitter research was conducted
to synthesize findings on structural and functional brain changes in MDD. The monoamine, glutamate, and GABAergic
theories of depression were evaluated alongside emerging evidence for plant-derived therapeutics.

Results: Neuroimaging reveals structural brain changes in MDD, including reduced brain volumes, enlarged lateral ventri-
cles, and white matter microstructural deficits suggestive of myelin sheath loss. Postmortem studies report altered neuronal
and glial density, as well as synaptic gene expression. Dysregulation of neurotransmitters—Gamma-amino butyric acid
(GABA), glutamate, serotonin, dopamine, and norepinephrine—impairs synaptic communication, contributing to mood dis-
turbances. While the monoamine theory attributes depressive symptoms to neurotransmitter deficiencies, recent findings
highlight the roles of glutamate dysregulation and GABAergic deficits. Notably, plant extracts demonstrate antidepressant
potential by modulating neurotransmitter levels and influencing the GABAergic system.

Conclusion: Advances in understanding the pathophysiology of MDD underscore the need to target specific neurotransmit-
ter systems. Emerging evidence supports the development of innovative treatments, including plant-based interventions,
to address the limitations of current therapies and improve patient outcomes.

Keywords: Depression, neurotransmitters, serotonin, dopamine, norepinephrine, gamma-amino butyric acid (GABA),
glutamate.

1. INTRODUCTION

A staggering 12% of people worldwide suffer from major
depressive disorder (MDD), a potentially debilitating
mental illness that is most prevalent in the US among
women, young adults, and the elderly. Studies anticipate
a substantial rise in MDD patients globally after the
COVID-19 pandemic, adding to the enormous burden this
condition already has on public health systems.!

A diagnosis of major depressive disorder (MDD) is
made when a person has a persistently low mood for at
least two weeks, accompanied by additional symptoms
such as changes in appetite, weight, and energy levels.?

Antidepressant medication is often recommended,
although first-line therapy fails to achieve remission
in around half of the pa’rients.3 Because of this, a better
knowledge of the pathophysiology of MDD is necessary
for the creation of more effective therapies.
Neuroimaging research has recently shown that
people with MDD have altered brain structure and
function. There are several symptoms that may be seen,
such as smaller brain volumes, larger lateral ventricles,
and changes in the microstructure of white matter that
might indicate a loss of myelin sheath.*> Concurrently,
alterations in neuronal and glial density and size, as well
as decreased expression of pre- and postsynaptic genes,
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have been shown in postmortem investigations of brain
regions in several patients.®

1.1. Role of neurotransmitters in depression

In the intricate process of neurotransmission, chemical
messengers called neurotransmitters allow neurons to
communicate with one another. Key neurotransmitters
such as GABA, glutamate, serotonin, dopamine, and
norepinephrine are dysregulated in depression, which
impairs normal synaptic communication. To trigger
either an excitatory or inhibitory reaction, these neu-
rotransmitters are discharged into the synaptic cleft by
presynaptic neurons and then bind to certain receptors
on postsynaptic neurons (Figure 1). Disruptions to this
mechanism may cause the mood abnormalities associ-
ated with depression, which is why its proper regulation
is critical for emotional stability.

1.1.1. Monoamine Hypothesis

Over 30 years ago, the monoamine theory of depression
was put forward, which states that manic episodes are
associated with an overabundance of norepinephrine
(NE), serotonin (5-HT), and dopamine (DA) in the brain
and that depression is the consequence of a deficit of
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these neurotransmitters.” The discovery that the medi-
cation reserpine, which depletes presynaptic reserves
of NE, 5-HT, and DA, generates symptoms similar to
depression lends credence to this notion. Iproniazid, on
the other hand, was originally designed for TB but, by
blocking monoamine oxidase (MAO), it increased levels
of 5-HT and other neurotransmitters in the brain, which
may cause euphoria and hyperactivity in some individu-
als. Alterations to the production, release, or receptor
sensitivity of these neurotransmitters may amplify the
symptoms of manic and depressive episodes because of
the impact they have on mood, motivation, and behavior.

By removing neurotransmitters from the synaptic
cleft and therefore ending their effects on pre- and post-
synaptic receptors, transport proteins play a crucial role
in monoaminergic transmission. The 5-HT transporter
may be studied in vivo in many forms of depression
since it is found in both human platelets and the central
nervous system (CNS).> Major depressive disorder is
unique among mental illnesses in that studies using
tagged proteins and 5-HT uptake assays in platelets
have repeatedly shown impaired transporter function.”
Problems with subject selection and protein breakdown
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after death may explain why findings from postmortem
brain samples are less consistent.!’

Problems with neurotransmission may arise from
alterations in receptor function, such as a lack of mono-
amines or an interruption in the downstream signal
transmission, or from changes in the coupling between
transmitters and receptors. According to Lin et al,!! there
are several receptor subtypes in both the noradrenergic
and serotonergic systems. While a- and -adrenoceptors
control the transmission of NE, 5-HT acts on many recep-
tor classes, ranging from 5-HT1 to 5-HT7, with numerous
subtypes in each.

Changes in variables like neurotransmitter concentra-
tions may cause receptors to be up- or downregulated.
There has been a lot of research; however, the results on
whether or not untreated depression affects the number
or affinity of monoamine receptors are mixed. Some
notable discoveries include an increase in sensitivity of
presynaptic a2-adrenoceptors, which control the release
of norepinephrine, and changes in the quantities and
specificities of 5-HT1 and 5-HT2 receptors in both the
brain and platelets.!? Distribution of various monoamine
neurotransmitters in brain is illustrated in Figure 2.

1.1.2. Glutamate Hypothesis

According to the glutamatergic theory of depression,
which is supported by research showing that N-methyl-
D-aspartate (NMDA) receptor antagonists have anti-
depressant benefits,'>* higher glutamate levels are
associated with depressive symptoms. A possible cause
of long-term potentiation and depression is the activa-
tion of NMDA receptors by glutamate, which leads to
excitatory neurotransmission and the influx of calcium
ions (Ca?").1510

The findings of studies investigating glutamate levels
in depression have been contradictory. Both postmortem
and proton magnetic resonance spectroscopy investiga-
tions have shown that individuals with major depressive

Dopamine

£rf

{~

ral

——Cerebral
cores

~—————Corpus
callosum

Pons—" ¥ -—Thalamus

Pons— /
Medulla — \

Medulla—"

Substantia

' nigra and
ventral
tegmental area

Locus
coeruleus

Norepinephrine

disorder (MDD) had raised glutamate levels in their
frontal and occipital brains, respectively.”!® Medial
prefrontal cortex (PFC) glutamine-plus-glutamate levels
were lower in depressive patients compared to healthy
individuals in a meta-analysis of magneto-resonance
spectroscopy (MRS) investigations," but no such changes
were detected in the dorsolateral PFC or medial temporal
brain. According to Kantrowitz et al.? a different meta-
analysis indicated that the anterior cingulate cortex of
depressed individuals had lower glutamate levels than
healthy controls. Glutamate changes linked to depression
exhibit geographical variances and inconsistencies, as
shown by these results.

1.1.3. GABAergic Hypothesis

The GABAergic deficit theory proposes that major
depressive disorder (MDD) is caused by poor GABAe-
rgic neuronal inhibition and that antidepressants may
work by restoring GABAergic neurotransmission.?!
Supporting this theory are findings such as decreased
concentrations of GABA in plasma, brain tissue, and
cerebrospinal fluid (CSF), changes in the expression and
subunit makeup of GABAA receptors, and decreased
concentrations of neuroactive steroids (NAS) in CSF
from depressed patients.**

Further evidence for this theory comes from neu-
roimaging investigations, postmortem cytology, and
large-scale genome-wide association studies. Key neuro-
imaging results in MDD are consistently associated with
downregulated genetic markers for astrocytes and corti-
cal somatostatin-expressing GABAergic interneurons,
according to these methods.? Brain areas associated with
subgenual anterior cingulate, medial PFC, anterior insula,
and aberrant connections in depression, as well as corti-
cal thinning, have the highest expression of polygenic
markers for somatostatin interneurons. Another finding
is that anatomical abnormalities in the cortex of people
with MDD relative to healthy controls are inversely
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associated with the expression of the somatostatin gene
marker SST.*

Both bipolar disorder and postpartum depression
(PPD) have been linked to impaired GABAergic signal-
ing.?>* These results highlight the possibility of thera-
peutic intervention by targeting GABAergic systems and
the significance of GABAergic disruption in the patho-
genesis of mood disorders.

1.2. Plant Extracts as Antidepressants: A
Neurotransmitter-Centric Approach

There has been a lot of interest in exploring natural
extracts to modulate neurotransmitters, especially using
phytochemicals produced from plants as possible sub-
stitutes for synthetic medications. Inhibiting the actions
of neurotransmitters including GABA, glutamate, sero-
tonin, dopamine, and norepinephrine, these all-natural
substances provide a potential way to alleviate symptoms
of depression. This approach exemplifies the promise of
plant-based therapies as a safe and effective treatment
for depression.

1.2.1. Modulation of serotonin levels in
depression

The serotonin system has been the target of many plant
extracts that have shown encouraging antidepressant
potential (Table 1). An inhibitory effect on serotonin reup-
take may be possible due to the high binding affinities of
extracts from Callistemon citrinus for the SERT.” Another
study found that Osmanthus fragrans var. thunbergii
floral ethanolic extract raised brain serotonin levels and
had antidepressant-like effects in rats.”® By increasing
serotonin levels and upregulating serotonin receptors,
the Aegle marmelos leaf extract considerably ameliorated
depressive-like behaviors in rats modeled by chronic
unpredictable mild stress (CUMS).?’ Another study found
that the extract of Lippia citriodora increased the expres-
sion of serotonin receptors, which led to feelings of calm
and antidepressant benefits.’ Additionally, it was shown
that Nicotiana tabacum, Carica papaya, and Cannabis sativa
may enhance serotonin production by activating Cyclic
adenosine monophosphate response element-binding
protein (CREB), which lends credence to their antidepres-
sant properties.’!

The capacity to modify serotonin availability via
distinct pathways has been shown by other prominent
extracts as well. By inhibiting serotonin reuptake, an
extract from Platycladus orientalis seeds (S4) increased
serotonin levels in the prefrontal cortex and dorsal raphe
nuclei.®? Vaccinium bracteatum leaf extract was shown to
have effects that were associated with regulating the
hypothalamic-pituitary-adrenal axis, serotonin turnover,
as well as the phosphorylation of Extracellular signal-

regulated kinase (ERK)/Akt pathways.*®> While extracts
from Nardostachys jatamansi and Garcinia cambogia both
modulated serotonin transporter activity, the former
showed antidepressant effects,* while the latter reduced
anxiety and sociability problems in mice.* Furthermore,
Lax et al.* found that Mimosa pudica and Leptolyngbya,
an extract from cyanobacteria, were associated with
the modulation of serotonin. Leptolyngbya modulated
behaviors similar to depression by targeting the 5-HT7
receptor.

More research confirms that extracts that target the
serotonergic system have antidepressant effects. A study
conducted by Kukuia et al.” found that an extract from
Mallotus oppositifolius raised serotonin levels in the pre-
frontal cortex, which in turn improved the density of
dendritic spines, which are essential for synaptic plas-
ticity and cognitive functioning. Oligosaccharides from
Morinda officinalis increased serotonin synthesis by modu-
lating the gut microbiota and facilitating 5-hydroxytryp-
tophan (5-HTP) production.®® A study conducted by Wu
etal.¥’ found that an extract from the bark of the Eucommia
ulmoides tree, which is high in chlorogenic acid, increased
the expression of Synapsin I and the release of serotonin.
A study conducted by Kim et al.*’ indicated that Fraxinus
rhynchophylla had a notable impact on serotonin levels
in a chronic stress rat model. Similarly, Wusiman et al.*!
discovered that Cordia dichotoma fruit extract mitigated
depressive-like behaviors via modulation of serotoner-
gic neurotransmission. The mesembrine-rich extract of
Sceletium tortuosum inhibited serotonin reuptake and con-
siderably reduced depressive-like behaviors.*? This study
provides new hope for the development of plant-based
antidepressants by illuminating the several pathways
by which plant extracts regulate serotonin production,
release, reuptake, and receptor activation.

1.2.2. Modulation of Dopamine levels in
depression

Extraction from several plants has shown promise as a
natural antidepressant because of its capacity to alter
brain dopamine levels. Studies show that different plant
extracts have different ways to affect dopamine levels,
including via inhibiting MAO, blocking dopamine
reuptake, activating dopamine receptors, and interacting
with the cannabinoid system (Table 2). By blocking the
enzyme MAQO, which is responsible for the breakdown
of dopamine, the extracts of Nicotiana tabacum, Carica
papaya, and Cannabis sativa enhance the availability of
dopamine (Fasakin et al., 2022).%! These extracts may help
alleviate depression symptoms by increasing synaptic
dopamine levels and reducing dopamine breakdown.
Similarly, Manikkoth et al.”* discovered that alcohol-
induced anxiety in Wistar albino rats may be modulated
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Table 1: Plants modulating serotonin levels to treat depression

Extract Animal model Dose Mechanism Reference
Callistemon citrinus ~ Albino mice (20-30 grams) 100 and 200 mg/kg The serotonin transporter is strongly 27
bound to its molecules, which
inhibits serotonin reuptake.
Osmanthus fragrans - - Modulation of the serotonin system 28
Aegle marmelos leaf  Chronic unpredictable mild 150 mg/kg and 300 mg/ Boosted serotonin levels and 29
stress (CUMS)-induced kg administered orally receptor expression
model
Lippia citriodora 100 mg/kg Modulation of serotonin receptors 30
Cannabis sativa, Male Wistar rats 5, 50, 500, and 2000 Elevated levels of serotonin 31
Nicotiana tabacum, mg/kg administered produced by an upregulated route
and Carica papaya orally for 90 days triggered by CREB activation
Platycladus orientalis CUMS model - Elevate serotonin levels in the 32
seed dorsal raphe nucleus and prefrontal
cortex.
Vaccinium Mice subjected to chronic 100 and 200 mg/kg Reduce serotonin turnover 33
bracteatum leaf restraint stress (CRS) administered orally
Nardostachys CUMS rats - Controlling the serotonin transporter 34
Jjatamansi
Leptolyngbya extract Mice - Affects serotonin receptors, 36
particularly the 5-HT7 receptor
Mallotus Mice subjected to para- - Reduces the effects of para- 37
oppositifolius chlorophenylalanine (pcpa)- chlorophenylalanine, an agent that
induced aggression inhibits the production of serotonin,
Morinda officinalis Mice subjected to chronic 25 mg/kg administered  Modulates the gut flora to promote 38
mild stress orally 5-HTP synthesis.
Eucommia ulmoides  Mice subjected to chronic 200 or 400 mg/kg/day Enhanced synapsin | expression, 39
stress induced by electric administered orally for ~ which in turn promoted serotonin
foot shock and restraint 7 days release.
Fraxinus Mice subjected to chronic - Modulation of serotonin 40
rhynchophylla stress induced by electric
foot shock and restraint
Cordia dichotoma CUMS rats - Regulates the transmission of 41
serotonergic neurons
Sceletium tortuosum  Chick anxiety-depression 10, 20, 30, 50, 75, or Mesembrine, an established 42
model 100 mg/kg administered serotonin reuptake inhibitor (SRI), is
intraperitoneally present in the extract.
Cannabis sativa - - Regulation of the activity of the 43
serotonin receptors 1B (HTR1B) and
7 (HTR7) receptors
Red pomegranate C57BL/6 male mice 1.0, 1.5, and 2.0 mg/g Upregulation of 5-hydroxytryptamine 44
fruit extract production
Ginseng fruit Sprague-Dawley rats 20 mg/kg administered It acts by influencing the synthesis, 45
saponins orally release, or reuptake of serotonin in
the brain
Acorus tatarinowii CUMS rats - Enhancements in SERT function 46
persimmon leaf Mice subjected to chronic 30.0-60.0 mg/kg Limits the re-uptake of serotonin 47
extract social defeat stress (CSDS)  administered orally
Mimosa pudica Mice 400 mg/kg administered Managing serotonin levels 48
orally for 15 days
Vaccinium CRS rat - Inhibition of 5-HT6 receptor activity 49
bracteatum
Punica granatum Ovariectomized rats 1 mg/kg administered Regulation of systems involved in 50
intraperitoneally serotonin signaling
Cannabidiol Mice 10 mg/kg administered  Enhance serotonin signaling 51
intraperitoneally
— )
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by an ethanolic extract of Tylophora indica via adjusting
brain dopamine levels. The research primarily examined
anxiety, but the fact that this extract modulates dopamine,
a neurotransmitter that is also involved in depression,
suggests that it may have therapeutic promise in mood-
related diseases. Bamboo (Bambusa vulgaris) and Pogoste-
mon cablin (patchouli oil) have both shown dopaminergic
action. A study conducted by Astuti et al.”® found that
patchouli oil had an antidepressant-like effect in rats by
increasing dopamine levels and improving dopamine
transmission. Also, Bambusa vulgaris extract may help
with depression symptoms as it increased dopamine
transmission in rats that had motor deficits and non-
motor symptoms caused by haloperidol.>*
Investigations into S4, terpineol, and Garcinia cambogia
have provided further evidence that plant extracts play
a part in dopamine regulation. Through the use of a
chronic unpredictable mild stress (CUMS) model of
depression, Yan et al.*? showed that S4 elevated dopa-
mine levels in the prefrontal cortex and dorsal raphe
nucleus of rats. 54 had the same effect as traditional
dopamine reuptake inhibitors by increasing the avail-
ability of dopamine at synapses. Through its interac-
tions with the cannabinoid system and D2 dopamine
receptors, the monoterpene terpineol demonstrated
antidepressant-like effects, according to Vieira et al.®
Terpineol promoted movement in the forced swimming
test and sucrose preference test, suggesting antidepres-
sant benefits via activating cannabinoid receptors and
improving dopamine receptor function. Furthermore, a
study conducted by Ibrahim et al.*® found that Garcinia
cambogia extract influenced dopaminergic activity in
male Swiss albino mice. This effect was seen to change
anxiety levels, sociability, and dopamine turnover.

These natural chemicals show promise as potential plant-
based antidepressants because they increase dopamine
availability or activity.

1.2.3. Modulation of Norepinephrine levels in
depression

Multiple investigations into the antidepressant effects of
natural substances and plant extracts have focused on their
ability to modulate norepinephrine, a crucial neurotrans-
mitter in mood regulation (Table 3). The neurotransmitter
norepinephrine is involved in the brain’s arousal and stress
response systems, and problems with its regulation are
often associated with mood disorders. A study conducted
by Khan et al.”® investigated the possible psychological
effects of brown seaweed in rats and found that it might
raise brain norepinephrine levels. The results of this study
arein line with the growing body of research that suggests
reestablishing norepinephrine homeostasis might be an
effective strategy for treating depression.

Following a similar line of thought, Talebi et al.”
showed that aqueous extracts of Melissa officinalis and
Nepeta menthoides synergistically reduced reserpine-
induced mood disorders in mice. Reserpine causes a
depressed phenotype in animal models by depleting
norepinephrine reserves. Depression symptoms were
dramatically reduced by taking these two plant extracts
at the same time, and this improvement was associated
with elevated brain norepinephrine levels. The release
of norepinephrine into the synaptic cleft was thought to
be caused by a two-pronged process: first, an increase
in norepinephrine production; and second, a decrease
in its re-uptake. Combinations of plant-based therapies,
rather than treatments based on a single extract, may be
able to provide higher antidepressant effects due to this
complex process.

Table 2: Plants modulating dopamine levels to treat depression

Extract Animal model Dose

Mechanism Reference

Cannabis Male Wistar rats

5, 50, 500, and 2000 mg/

The extracts enhanced dopamine 31

sativa, Nicotiana
tabacum, and
Carica papaya

kg administered orally for
90 days

availability by blocking MAO.

Platycladus CUMS model of depression - Blocking the reuptake of 32
orientalis seed dopamine
Garcinia Male Swiss albino mice 100 mg/kg, 500 mg/kg orally  Affecting brain dopamine turnover 35
cambogia for 14 days
Tylophora indica ~ Wistar albino rats 100 mg/kg body weight Modified brain dopamine levels 52
administered orally
Pogostemon Rats - Controlling the release of 53
cablin dopamine
Bambusa vulgaris Rats 100, 200, and 400 mg/kg Increased transmission of 54
orally dopamine
terpineol Mice with lipopolysaccharide 100 mg/kg, 200 mg/kg orally Regulation of the D2 dopamine 55
(LPS)-induced depressive- receptor and the cannabinoid
like behavior system
—————— )
Page | 6 International Journal of Applied Pharmaceutical Sciences and Research Vol 9 Issue 1 January-March, 2024



www.sierrajournals.com

Valaboju Swetha et al.:

Natural Extracts Modulating Neurotransmitters in Depression

Researchers have learned more about norepinephrine
regulation by studying the locus coeruleus (LC), a brain
area that is essential for the production of norepineph-
rine. In their study on chronic stress-induced depression,
Wang et al.”® looked at how a2A adrenoceptors control
the release of norepinephrine from the LC. Under stress-
ful situations, the release of norepinephrine may be inhib-
ited by activating inhibitory G-protein-coupled receptors
known as a2A adrenoceptors. The research found that
a potential strategy to treat depression might be by
restoring brain norepinephrine balance via altering the
activation of these receptors. Using this knowledge as a
foundation, Du et al.”” used shRNA technology to inhibit
the LC’s norepinephrine transporter (NET). Research has
shown that decreasing NET expression might enhance
norepinephrine availability in the synaptic cleft, which
in turn reduces depression-like behaviors in rats.

1.2.4. Modulation of Glutamate levels in
depression

The pathophysiology of depression is heavily influenced
by the regulation of glutamate, the principal excita-
tory neurotransmitter in the brain. This is particularly
true in stress-related diseases, where abnormalities in
glutamate activity are associated with neuronal injury,
neurotoxicity, and oxidative stress. The development and
worsening of depression symptoms are both influenced
by these processes. New evidence suggests that plant
extracts may be useful as a treatment for depression
by rebalancing the brain’s glutamate circuits (Table 4).
Spinach extract, for example, has been shown to modu-
late glutamatergic transmission and mood regulation by
decreasing corticosterone levels and increasing glutamate
and glutamine concentrations in the brain.®’ Daylily
flower phenolic components® and Ferula gummosa root
extract® both showed neuroprotective effects, mitigat-
ing glutamate-induced neuronal damage, according
to the same investigations. Because the latter reduced
corticosterone-induced toxicity as well, it may play a role
in depression caused by stress.

Supporting this, research has shown that Psilocybe
cubensis extract can modulate depressive behaviors by
influencing the glutamate pathway.®® Similarly, Morus
nigra leaf extract has been shown to alleviate glutamate
excitotoxicity and oxidative stress in the hippocampus,®
with syringic acid being identified as a key bioactive
component. The antioxidant and anti-excitotoxic poten-
tial of Dendropanax morbifera leaves was highlighted by
their strong neuroprotective effects, which protected
hippocampus cells from glutamate-induced oxida-
tive death.%® Inhibition of enzymes and adjustment of
oxidative stress are two of the many ways in which
plant extracts like Calotropis procera hydroethanolic leaf
extract and Turnera diffusa (Damiana) control glutamate
levels.®®®” They show potential in treating glutamate
dysregulation, which is frequent in depression, due to
their multiple activities.

Not only do certain extracts have neuroprotective
properties, but they can also prevent depressive-like
behaviors generated by glutamate. In a study conducted
by Swaminathan et al.® it was found that Tribulus ter-
restris extract lowered depressive symptoms in animal
models of monosodium glutamate (MSG)-induced neuro-
toxicity. On the other hand, Adedoyin et al.*’ found that
the aqueous extract of Ocimum gratissimum ameliorated
biochemical changes caused by MSG, with its antioxidant
and neuroprotective properties playing crucial roles.
Molecular studies have shown that plant-based therapies
may inhibit glutamate transporters and signal transduc-
tion pathways. For example, Zhang et al.”” found that
Yueju volatile oil increased glutamate clearance via the
ERK/AKT signaling pathway, which in turn reduced
excitotoxicity and supported neuronal health.

The preventive properties of natural extracts also
include avoiding excitotoxicity and keeping glutamate
levels stable. Dos Santos et al.”! found that the hydroal-
coholic extract of Passiflora actinia, which contains the
active ingredient isovitexin, helped to prevent glutamate-
induced neurotoxicity in slices of hippocampus, which
in turn supported the survival of neurons. Similarly, Li

Table 3: Plants modulating Norepinephrine levels to treat depression

Extract Animal Dose Mechanism Reference
model
Brown seaweeds Rats 60 mg/kg orally Maximizing the effects of 56
norepinephrine
Nepeta menthoides and  Mice Nepeta menthoides: 50, 100, 200, Promote norepinephrine production 57
Melissa officinalis 400 mg/kg; Melissa officinalis: 150, while blocking its reuptake
350, 550, 750 mg/kg; combination:
Nepeta menthoides 50 mg/kg with
Melissa officinalis 150 mg/kg
Yohimbine and BRL- CUMS rats 2 mg/kg via intraperitoneal injection It enhances the release of NE via 58

44408 maleate

regulating the a2a adrenoceptors.
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et al.”? found that Echium amoenum ethanol extract may
reduce glutamate-induced damage in retinal ganglion
cells, which is a process that is important for neurode-
generative illnesses and mood disorders. Considered
as a whole, these results provide strong evidence that
glutamate-modulating, antioxidant, and anti-excitotoxic
plant extracts might be useful in the treatment of depres-
sion, especially in situations where chronic stress or glu-
tamate dysregulation is the root cause. These all-natural
treatments have the potential to provide a comprehensive
strategy for treating depression by focusing on important
pathways like excitotoxicity, oxidative stress, and gluta-
mate transporter function.

1.2.5. Modulation of GABA levels in depression

Research suggests that some plant extracts may have
therapeutic benefits for depression and associated dis-
eases by modulating the GABAergic system (Table 5).
Sahin and Haas™ discovered that the plants Piper nigrum,
Citrus aurantium, Ginkgo biloba, and Sambucus nigra inhibit

GABA transaminase (GABA-T). This suggests that these
plants may improve GABAergic signaling and, thus,
help with the treatment of diseases like anxiety and
depression. Furthermore, GABAergic system modulation
may be possible with GABA tea, as it has been shown to
enhance antioxidant defenses and mood in post-stroke
depression.”

The actions of Artemisia indica Linn., which affect
GABA-A receptors and provide anticonvulsant, anxio-
lytic, and antidepressant advantages, are also connected
to the GABAergic system.” Herndndez-Lépez and
Rodriguez-Landa”” and Cueto-Escobedo et al.”® found
that chrysin (5,7-dihydroxyflavone) enhanced GABAergic
neurotransmission in ovariectomized rats, suggesting
that it may have antidepressant-like effects via regula-
tion of GABA-A receptors. Similarly, Wu et al.”” found
that vegetable soybeans with elevated GABA content,
which were created by high-pressure processing, had
substantial antidepressant-like effects in rats. This result
was likely due to higher GABAergic neurotransmission.

Table 4: Plants modulating Glutamate levels to treat depression

Extract Animal model Dose Mechanism Reference
Spinacia oleracea Mice Frozen powder (FP) and  Raised glutamate and glutamine 60
ethanol extract (EE) diets concentrations in the brain
administered orally
Hemerocallis citrina  Rat adrenal 0.63 to 5 mg raw Mitigates the negative effects of 61
pheochromocytoma (PC12)  material/mL corticosterone and glutamate on
cell line neurons
Ferula gummosa Rat adrenal - Reduces the effect of glutamate on 62
pheochromocytoma (PC12) cell death
and mouse neuroblastoma
(N2a) cell lines
Psilocybe cubensis  Mice - Participates in glutamate pathway 63
interactions
Morus nigra Male Swiss mice 10 mg/kg Decreases glutamate excitotoxicity in 64
the hippocampus
Dendropanax HT22 mouse hippocampal - Reduces damage caused by 65
morbifera neuronal cells glutamate
Turnera diffusa SH-SY5Y human - Prevents damage caused by 66
neuroblastoma cells glutamate
Calotropis procera  Rats 30, 100, and 300 mg/kg Intervenes in glutamatergic pathways 67
Tribulus terrestris Rats - Minimizes glutamate-induced 68
neurotoxicity by MSG
Ocimum MSG-treated rats - Reduces exposure to neurotoxic 69
gratissimum effects of MSG
Yueju volatile oil Mice - Facilitates glutamate clearance 70
Passiflora actinia Mice hippocampal slices - Modulates glutamate activity 71
Echium amoenum Retinal ganglion cells - Protects neurons from glutamate- 72
(RGCs) in a glutamate and induced injury
optic nerve crush injury
model in rats
3-O-Acetyl-11-keto- CUMS - Limits the activation of glutamate 73
B-boswellic acid receptors
(AKBA)
— )
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Badaoui et al.*” found that an aqueous latex extract from
Euphorbia resinifera improved performance on behavioral
tests including the forced swim and tail suspension,
suggesting that it may have antidepressant-like effects
by modulating the GABAergic system. According to
Hossen et al.,®' bioactive compounds found in Blumea
lacera improved GABA-A receptor binding affinity and
decreased immobility in the forced swim test, suggesting
that it might be a natural antidepressant. By influencing
the GABAergic system, Piper cernuum exhibited sedative,
hypnotic, and antidepressant-like effects; however, its
antidepressant effects were counteracted when GABA-A
receptor antagonists were administered previously.®

The capacity of Moringa oleifera leaf extract to modify

GABA-A receptors has been associated with its substan-
tial antidepressant-like and anxiolytic effects, as shown
by Fidelis et al.*® Furthermore, Abutilon indicum improved
serotonergic and GABAergic neurotransmission, which
led to anxiolytic and antidepressant-like effects in mice.3*
An improved antidepressant impact in animal models
was shown to coincide with the higher GABA concen-
tration in Sojae Semen Praeparatum, a processed soybean
product.®

According to Kun and Zuhua, the triterpene molecule
amyrin has the ability to modulate both the activity of
MAQO and the levels of GABA in the hippocampus. This
suggests that it may have antidepressant and anxiolytic
effects.®® The substantial antidepressant-like effects of

Table 5: Plants modulating GABA levels to treat depression

Extract Animal model Dose Mechanism Reference
Piper nigrum, Citrus - 4 to 180 pg/mL. Severely reduce GABA 74
aurantium, Ginkgo transaminase activity,
biloba, and Sambucus
nigra
Camellia sinensis Mice subjected to bilateral 10 mg/kg and 20 mg/kg Alterations to GABAergic 75
common carotid artery networks
occlusion (BCCAO) to
induce ischemic stroke
Artemisia indica Mice Carnosol: 1, 10, 30, and 100 mg/kg  Act upon the GABAergic 76
administered intraperitoneally network
Oleanolic Acid: 1, 10, 30, and 100
mg/kg administered intraperitoneally
Ursolic Acid: 1, 10, 30, and 100 mg/
kg administered intraperitoneally
Chrysin Ovariectomized female 1 mg/kg administered Improving GABAergic 77
Wistar rats intraperitoneally Neurotransmission
Chrysin Ovariectomized female 1 mg/kg administered The GABAergic system’s 78
Wistar rats intraperitoneally positive regulation
Glycine max CUMS rats soybeans containing 436.05 mg/100  Improving GABAergic 79
g of GABA Neurotransmission
Euphorbia resinifera Mice 25-75 mg/kg Alterations to the 80
GABAergic network
Blumea lacera Swiss albino mice 100, 200, and 400 mg/kg/day Raised affinity for binding 81
to GABA receptors
Piper cernuum Mice 200 and 400 mg/kg Alterations to the 82
GABAergic network
Moringa oleifera Mice 100 and 200 mg/kg Alterations to the 83
GABAergic network
Abutilon indicum Mice 100 mg/kg Improving 84
Neurotransmission
via GABAergic and
Serotonergic Mechanisms
Sojae Semen - - Alterations to the 85
Praeparatum GABAergic network
Amyrin Mice - Affects hippocampal 86
GABA levels
Adzuki bean sprout Mice - Enhanced GABA content 87
Artemisia Male rats - The GABAergic cascade 88
monosperma modulation
— )
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GABA-enriched adzuki bean sprout fermented milk
provide further evidence for GABA’s function in mood
regulation.” According to Elewa et al., the ethanolic
extract of Artemisia monosperma Delile showed antide-
pressant-like action via acting on the central nervous
system. This effect was mediated by GABAergic modu-
lation. These findings highlight the promise of GABAe-
rgic modulators derived from plants as an alternative
to conventional treatments for depression and similar
mood disorders.®®

1.2.6. Plants affecting multiple neurotransmitters

The antidepressant effects of several plant extracts have
been shown to modulate the levels of serotonin, dopa-
mine, and norepinephrine. In comparison to traditional
SSRIs, the Sceletium extract (TrimesemineTM), improves
these neurotransmitters and has wider benefits on neu-
rotransmission.®’ Bacopa monnieri increases levels of
norepinephrine, serotonin, and dopamine by inhibiting
MAO-A.?° In a model of depression generated by reser-
pine, cinnamon bark (Cinnamomum zeylanicum) regulates
these neurotransmitters to alleviate symptoms similar to
depression.” Pigeon pea (Cajanus cajan) and Ficus capensis
modulate the GABAergic system in addition to dopamine,
norepinephrine, and serotonin.”** In a model of chronic
moderate stress, Polygonum minus was shown to raise
levels of serotonin and norepinephrine.”* Antidepressant
and anxiolytic effects have been shown via the modula-
tion of serotonin, dopamine, and GABA systems by the
eggplant (Erythrina variegata) and the nut.”>® Research
conducted by Adamu et al.”’
of Moringa oleifera may have therapeutic potential for
treating symptoms of depression by increasing levels of
dopamine and norepinephrine. While Cydonia oblonga
(quince) has antidepressant-like effects via serotonin and
norepinephrine modulation,”® Mentha piperita (pepper-
mint) also exhibits antidepressant-like effects by regulat-
ing serotonin, dopamine, and norepinephrine.”” Yousuf

suggests that the root extract

et al.'® found that Acorus calamus (sweet flag) inhibits
MAO-A and MAO-B, which affects serotonin and nor-
epinephrine levels, while Novovinty et al.!’! found that
Areca catechu (betel nut) lowers depressive-like behaviors
by modifying serotonin and norepinephrine. According
to Wang et al.,'*? one of the ginsenosides found in Panax
ginseng, Rbl, has antidepressant effects via modulating
the systems of serotonin, norepinephrine, and dopamine.

Extraction from some plants, including Cnestis fer-
ruginea, has the ability to impact the activity of seroto-
nin, dopamine, and norepinephrine via many channels,
notably cholinergic, monoaminergic, and L-arginine-
nitric oxide pathways, suggesting that they may have
broad-spectrum antidepressant effects.!®® Researchers
have shown that the water lily Nymphaea candida and the

daylily Hemerocallis citrina may treat behaviors similar
to depression by modulating serotonin and other neu-
rotransmitters.!®1% A study conducted by Limantara et
al.'% found that Eutherine palmifolia may decrease behav-
iors associated with depression by modulating serotonin
and norepinephrine. According to Youssef et al,'”” the
date palm (Phoenix dactylifera) and the Salvadora persica
(miswak) plant were shown to decrease depressive-like
behaviors by lowering oxidative stress and altering the
serotonergic and dopaminergic systems. The levels of
serotonin, dopamine, and norepinephrine can be modu-
lated by Synedrella nodiflora, leading to antidepressant-like
effects.108 According to Ali and Engidawork,lo9 extracts
from the root bark of the Carissa spinarum plant control
pathways that are associated with serotonin, dopamine,
and noradrenaline, whereas Murtala and Akindele!”
found that Newbouldia laevis alleviates anxiety and
depressive behaviors by regulating systems that are
associated with serotonin and dopamine.

Mood modulation is facilitated by a number of plant
extracts that work on the GABAergic system. According
to Patro et al.,*® Mimosa pudica has the ability to improve
mood and decrease anxiety via increasing GABA activity
and interacting with serotonin and other neurotransmit-
ter systems. Yin et al.'"! found that beta-sitosterol and its
derivatives improve mood via modulating excitatory and
inhibitory neurotransmission by influencing serotonin,
dopamine, and GABA. Anxiolytic and antidepressant
properties of Morinda citrifolia are due, in part, to its
actions on the GABA, receptor system, which also
influence the serotonergic and adrenergic pathways.!!?
According to Muhammad et al.,''® the Adansonia digitata
(baobab) tree has the ability to alleviate depression via
influencing the GABA and glutamate neurotransmitter
systems. To further enhance its antidepressant effects,
erythrina variegata affects GABA activity in addition
to the serotonin and dopamine systems.” In addition,
studies have shown that passionflower (Passiflora incar-
nata) and tarragon (Artemisia dracunculus) both modulate
GABA and serotonin systems, which in turn improve
cognitive functions and reduce stress."!*11°

Cherry leaf decoction is one plant extract that has been
shown to alleviate depression symptoms by regulating
the glutamate (Glu)/GABA- glutamine (GIn) metabolic
loop."® The antioxidant, serotonergic, dopaminergic, and
GABAergic systems are all stimulated by the bark extract
of Terminalia arjuna, which in turn improves mood."”
By influencing the systems that regulate dopamine and
serotonin, Carthamus tinctorius, more commonly known
as safflower, may have effects similar to those of anti-
depressants."'® Okra (Abelmoschus esculentus) and oats
(Avena sativa) are able to modulate the glutamate, nor-
epinephrine, dopamine, and serotonin pathways, which
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in turn produce effects similar to antidepressants.!”120

Furthermore, new combinations of plant extracts, such as

I'?! and crocetin,'?> have been shown to

AntistressIand I
have effects similar to antidepressants and boost cogni-

tion via monoamine regulation.
1.3. Future prospects

Despite the promising results, there are still many obsta-
cles to overcome before plant extracts can fully modulate
the neurotransmitter systems implicated in depression.
To further understand how these extracts impact GABA
and glutamate neurotransmitter pathways, more studies
into their molecular processes are needed. To further
evaluate their effectiveness, safety, and ideal human
doses, additional extensive clinical studies are required.
Modern drug delivery technologies could improve the
bioavailability of these extracts, potentially enhancing
their therapeutic promise. Personalized therapy, which
considers individual variations in genetics and bio-
chemistry, could maximize treatment results. Lastly, the
potential synergistic effects of mixing plant extracts with
standard antidepressants call for more investigation into
combination therapy.

The discovery and standardization of plant extracts’
active phytochemicals are another exciting prospect
for further research. This has the potential to reduce
treatment variability in plant-based medicines and
bring about more consistent therapeutic results. The
development of high-throughput screening technolo-
gies for molecules with antidepressant-like properties
might accelerate the identification of novel plant-derived
candidates. Investigating plant extracts” potential to
reduce depression recurrence or enhance the long-term
effectiveness of existing antidepressants could provide
a deeper understanding of their wider role in mental
illness treatment.

2. CONCLUSION

Plant extracts may have therapeutic promise in the
treatment of depression due to the involvement of neuro-
transmitter dysregulation in the disorder. As a potential
substitute or supplement to conventional antidepressants,
natural extracts have the ability to regulate levels of
neurotransmitters such as serotonin, dopamine, norepi-
nephrine, glutamate, and GABA. Although the present
study indicates that these extracts have promise, further
research is necessary to completely understand their
mechanisms, safety, and effectiveness. More investigation
into the potential of plant-based remedies for depression
might lead to the creation of more tailored and efficient
treatments for individuals suffering from the disorder.
Furthermore, the combination of traditional knowledge

with contemporary scientific discoveries may expedite
the discovery of novel plant-based antidepressant drugs.
This strategy has the potential to alleviate depression by
offering therapy alternatives that are accessible, natural,
and have low side effects.
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