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Coumarins and their derivatives are non-flavonoids polyphenols with diverse pharmacological activities
including anti-depressant effects. This study systematically examines the antidepressant effects of coumarins and
their derivatives in relation to time series of research progress in the pharmacological pathways, association with
other diseases, toxicity and bibliometric analysis. The review was approached using the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) coupled with R package involving Biblioshiny, a web
interface for Bibliometrix analysis and VOSviewer software analytic tools. Literature searches were conducted in
Scopus, Web of Science, and PubMed from the inception through January 21, 2023. Coumarins, depression,
coumarin derivatives and treatment were the main search terms used which resulted in the inclusion of 46
eligible publications. Scopoletin, psoralen, 7-hydroxycoumarin, meranzin hydrate, osthole, esculetin/umbelli-
ferone were the most studied coumarins with antidepressant effects. Coumarins and their derivatives exerted
antidepressant effects with a stronger affinity for monoamine oxidase-B (MAO-B) inhibition and, their inhibitory
effect via neurotransmitter pathway on MAO is well-studied. However, epigenetic modification, neuroendocrine,
neurotrophic pathways are understudied. Recent research focuses on their antidepressant effects which targeted
cytokines and fibromyalgia. There is a link between the gut microbiome, the brain, and depression; meranzin
hydrate exerts an antidepressant activity by remodelling the gastrointestinal system. We established that
empirical data on some coumarins and their derivatives to support their antidepressant effects are limited.
Likewise, the safe dose range for several coumarins and their derivatives is yet to be fully determined.

1. Introduction 2017; Lee et al., 2020b; Nabeel et al., 2021; Heghes et al., 2022; Kilic,

2022; Sinha et al., 2022).

Coumarins are non-flavonoids polyphenols, o-hydroxycinnamic acid
lactones (also known as 2H-chromen-2-onel,2-benzopyrone) (Gomez--
Pinilla and Nguyen, 2012; Sashidhara et al., 2015), a group of
sweet-smelling (aromatic) phytochemicals. Coumarins and their de-
rivatives are structurally distinct (Wu et al., 2009; Sahni et al., 2021) and
are being used for the treatment of mental health disorders such as
schizophrenia, anxiety, and depression (Irvine et al., 2012; Delogu et al.,
2014; Pathak et al., 2016; Abourashed, 2018; Rehuman et al., 2020).
Several coumarin derivatives have antidepressant effects e.g., scopole-
tin, umbelliferone, and 7-hydroxycoumarin (Jo et al., 2002; Qin et al.,

Currently, an estimated 3560 coumarins have been isolated (Buck-
ingham et al., 1994; Kostova, 2005). However, with the increasing
therapeutic usage, more coumarins and their derivatives would have
been discovered (Buckingham et al., 1994; Kostova, 2005). There are
four major types of natural coumarins viz., simple coumarins, pyr-
anocoumarins, pyrone-substituted coumarins, and furanocoumarins
(Murray et al., 1982; Bhattarai et al., 2021). They are widely distributed
in different plant parts especially those from the families such as Apia-
ceae (Umbelliferae), Rutaceae, Asteraceae, Fabaceae and Solanaceae
(Estévez-Braun and Gonzdlez, 1997; Khilya et al., 2005; Patil et al.,
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Table 1
The systematic review search strategy and selection from three databases.

Databases
searched

Scopus, Web of Science and PubMed

“Coumarins” OR “coumarin derivatives” AND “depression” OR
“depressive disorder” OR “psychological distress” OR “mental
health” OR “psychiatric disorder” OR “mood disorder” OR
“clinical depression” OR “MDD” OR “anxiety disorder” AND
“treatment”

Search criteria

Inclusion Research papers (full length) on coumarin and its derivatives
criteria with a focus on mental disorders using Human or animal models
(in vitro or in vitro).
Exclusion Articles published in languages other than English Systematic

criteria reviews, Meta-analyses, Proceedings, Notes, Reviews, letters,
comments, books and book chapters, Research papers on other

diseases

2013; Madeiro et al., 2017; Sarker and Nahar, 2017) and in microbes
especially bacteria and fungi (Stringlis et al., 2019; Tsivileva et al.,
2022).

Millions of people suffer from the mental health illness such as major
depressive disorder (MDD) and the global prevalence of mental disor-
ders was about 970 million people, in 2019 (pre-pandemic), of which
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28.9% have a depressive disorder (WHO, 2022; Fries et al., 2023). The
draw backs such as cost, low efficacy, safety, delayed action, side- and
long-term effects associated with the existing antidepressant medica-
tions have inclined researchers towards exploring natural products
including plants (Pathak et al., 2016; Kenda et al., 2022). The efficacy,
safety, and toxicity of plant-based products with medicinal properties
should be investigated before usage (Akwu et al., 2019; Bonokwane
et al., 2022).

The potential of coumarins and their derivatives in managing mental
health have been recognised (Qin et al., 2017; Wang et al., 2019a). The
review by Patil et al. (2013) focused on the synthesis of coumarin de-
rivatives as MAO inhibitors for depression and Alzheimer’s disease but
the study did not use a systematic approach. A systematic approach
assessing the relationship between the antidepressant effects of cou-
marins and their derivatives to aspects such as brain-gut-microbiota,
Brain-derived neurotrophic factor [BDNF], drug interaction fields,
toxicity and other diseases remain valuable. Additionally, it is pertinent
to identify existing gaps in knowledge and the current trend of this effect
using bibliometric analysis in a time series-based development. Thus, we
qualitatively comprehend and integrate existing studies using a sys-
tematized procedure as well as to quantitatively assess the scientific
publications on the antidepressant effects of coumarins and their

Identification of studies via databases

Records identified from:
_g Databases (n = 259) Records removed before screening:
§ Scopus (n=183) Records removed for other reasons e.g., Reviews,
SE Web of Science (n=29) systematic reviews, conference proceedings, and books
§ PubMed(n=47) 4 ’ P £
= removed (n=123).
Duplicate records removed (n =10)
|
)
Records screened Records excluded
(n=1)
(Il :126) | (Incomplete information)
Reports sought for retrieval Reports not retrieved
—>
0
E (n=125) (n=0)
3
= '
£ Reports excluded:
Reports assessed for eligibility R :
—_ > eason 1 (Language other than English)
(n=125) Reason 2 (Reviews)
Reason 3 (Not related to depression)
Reason 4 (Not connected to coumarins and their
— derivatives (n=79)
] Studies included in review
<=
=
—g' (n=46)
—

Fig. 1. A methodological flow diagram of the data collection and filtering process using PRISMA protocol.
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Fig. 2. Chemical structures of some coumarins and coumarin derivatives used as antidepressant agents. Source: ChemDraw Pro 8.0.
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Table 2
The evaluated dose, plant part, extraction solvent and experimental model of some coumarins and their derivatives.

S/ Type of coumarin(s) Evaluated dose and Plant Plant Extraction solvent Model: In vitro, invivo orin ~ Reference

N treatment duration material silico

1. Coumarin analogue 5puL Hibiscus syriacus Root 70% aqueous Mouse brain (in vitro) Yun et al.

Coumarin derivative 30 min incubation (Malvaceae) bark methanol (2001)

2. Scopoletin 1-100 mg/kg, p.o. Polygala sabulosa A.W. Whole 96% aqueous ethanol Female Swiss mice (invivo) ~ Capra et al.
2 h (acute stress) Bennett (Polygalaceae) plant (2010)

3. Coumarins N/A Areca catechu L. Nuts 70% methanol MULTIAQUANT. Yang et al.

(Arecaceae) Compound-disease (2021)
targets” (in silico)

4. Coumarins 10 mL/kg Platycodon grandiflorum Leaves 70% methanol Mouse Wang et al.

(Jacq.) A. DC. (2019a)
(Campanulaceae)

5. Coumarins 200 and 400 mg/kg Morus alba (Moraceae) Leaves Hydroalcoholic Mice (in vivo) Askar
significantly (P < (2019)
0.05)

Acute 7 days (acute)
and 14 days of
treatments
6. Decursinol, Demethylsuberosin, 50 pg/mL Angelica gigas Nakai Root Methanol Mouse brain mitochondria Lee et al.
Decursin, Decursinol angelate (Apiaceae) (in vitro) (2017)
and Nodakenin

7. Furocoumarins 7.5-100 mg/kg Psoralea corylifolia L. Seeds 75% aqueous ethanol Male ICR mice (in vivo) Chen et al.
7- or 14-day (Fabaceae) (2005)
treatment

8. 7-(6’R-hydroxy-3’, 7’-dimethyl- 50 pL Dictamnus albus Aerial Methanol Mouse brain mitochondrial ~ Jeong et al.

2'E, 7’-octadienyloxy) 30 min (Rutaceae) parts fraction (in vitro) (2006)
coumarin,
Auraptene, Umbelliferone
9. Two furocoumarins (psoralen 1-100 pM Psoralea corylifolia L. Seeds Methanol, or water Male Sprague-Dawley rat Kong et al.
and isopsoralen) 10 min (Fabaceae) and ethanol (1:1 v/v) brain mitochondrial (2001)
mixture fraction (in vitro)

10. Psoralen 10, 20, 40 mg/kg Psoralea corylifolia L. Fruit Methanol Male ICR strain of mice (in ~ Xu et al.
1, 3, 7 days, seeds Vivo) (2008)
respectively

11. Aesculetin, 100-300 pg/mL Artemisia vulgaris L Whole 80% aqueous ethanol Mouse brain mitochondria Lee et al.

Aesculetin 7-methyl ether, (Asteraceae) plant (in vitro) (2000)
Scopoletin
12. Lacinartin 250 ug/mL Zanthoxylum schinifolium Stem Methanol Mice (ICR, male) (in vivo) Jo et al.
Sieb. & Zucc (Rutaceae) (2002)

derivatives from 1996 to 2023. We applied bibliometric analyses to
provide knowledge on the academic productivity, theme trends,
knowledge strtucture and forecast trends in subject area. This in-depth
review explores the various pharmacological activities of coumarins
and their derivatives with a particular focus on their antidepressant
effects.

2. Methodological approach
2.1. Data sources: Search strategy for electronic databases, and selection

The literature search ranged from inception to 21 January 2023 in
the selected databases (Table 1). The Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) protocol was used for
the literature selection (Page et al., 2021). The articles used for this
systematic review were critically assessed i.e., further screened and
examined by three experts in the field.

Bibliometric analysis, a method for quantifying and assessing
scholarly literature, frequently makes use of bibliographic databases
such as Web of Science, and Dimensions (Cobo et al., 2015; Aria and
Cuccurullo, 2017). The bibliometrix’s graphical user interface (GUI _bi-
blioShiny), was used for the econometric literature analysis (Aria and
Cuccurullo, 2017) and VOSviewer (version 1.6.19) was used to assess
the co-authorship, bibliographic coupling and co-occurrence (Van Eck
and Waltman, 2010). Other software (multidimensional scaling [MDS])
have certain drawbacks especially artefacts (Van Eck et al., 2010).

3. Results and discussion

A total of 259 documents were initially retrieved, while only 46
research publications were eligible after applying the inclusion and
exclusion criteria (Fig. 1). The 46 publications (1996-2022) were from
39 sources, with 281 authors of which 2 were single authored, while
they were 6.46% co-authors per document. The average citations per
document was 20.17. The number of author keywords was 183. The
international co-authorship was 23.91%, co-authors per document 6.46
with 2155 references. The average age of the publications was 7.73 with
20.07 average citations per publication. The timespan was 1996-2022
with an annual growth rate of 5.48%.

There are several depression pathways which, include neurotrans-
mitter, inflammatory, neuroendocrine, genetic pathway, cognitive,
neurotrophic, environmental, and neuroinflammatory (gut micro-
biome), and epigenetics modifications (Miller and Raison, 2016; Tafet
and Nemeroff, 2016; Jiang et al., 2022; Wei et al., 2022; Liu et al., 2023).

Depression is associated with certain variations in the regulatory
pathway of some enzymes e.g., Acetylcholinesterase (AChE), Mono-
amine oxidase (MAO), and Catechol-O-methyltransferase (COMT)
(Mattsson et al., 1972; Belmaker and Agam, 2008). Neurotransmitters
such as serotonin, dopamine and norepinephrine play key roles in the
lessening symptoms of anxiety and depression. The catalyses of these
neurotransmitters by the MAO give rise to an imbalance, hence in-
hibitors of this enzyme such as tranylcypromine (parnate), isocarbox-
azid (marplan) and phenelzine (nardil) are important in the treatment or
management of depression and anxiety (Fiedorowicz and Swartz, 2004;
Pacher and Kecskemeti, 2004). The enzyme, monoamine oxidase (MAO)
has two isoforms of MAO namely, MAO-A and MAO-B (Gnerre et al.,
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2000; Kong et al.,, 2001; Carotti et al., 2002). Acetylcholinesterase
(AChE) - acetylcholine plays key roles in movement, memory retention
and attention (Trzepacz and van der Mast, 2002; Chen et al., 2015;
Erdogan Orhan and Ozan Gulcan, 2015). Serotonin, dopamine, and
norepinephrine play key roles in modulating symptoms of anxiety and
depression. Serotonin [5-HT or 5-hydroxytryptamine] is responsible for
social behaviour, controlling appetite, sleep, anxiety, and mood),
dopamine controls learning, motivation, movement, attention and
happiness while norepinephrine which is the fight or flight response, is
responsible for regulating the response to stress, blood pressure, and
heart rate. They are all neurotransmitters but for norepinephrine which
in addition is a hormone (Udina et al., 2016; Liang et al., 2021; Dhai-
lappan and Samiappan, 2022). The alterations of these neurotransmit-
ters are implicated in depressive symptoms, and also in the mechanism
of action of antidepressants classes such as tricyclic antidepressants
(TCAs), monoamine oxidase inhibitors (MAOIs), selective serotonin re-
uptake inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors
(SNRIs), and therapies such as psychodynamic therapy, and cognitive
behavioural therapy (CBT) are usually used for the treatment or man-
agement of depression, either singly or in combination (Belmaker and
Agam, 2008; Marazziti et al., 2012; Hunter et al., 2022; Latimer and
Cornett, 2023). Thus, the mechanism of action of most antidepressants is
usually via neurotransmitter increment by TCAs, SSRIs and SNRIs or via
suppression of their inhibitors.

There are numerous reports on the antidepressant effects of plants
[Hypericum perforatum (St. John’s Wort), Ginkgo biloba, Crocus sativus
(Saffron), grapefruit (Citrus paradisi), Morinda officinalis, Curcuma longa
(turmeric)], and their metabolites such as resveratrol, Omega-3 fatty
acids, quercetin (in vegetables and fruits), and epigallocatechin gallate
(EGCG in green teas) (Liang et al., 2002; Bukhari and Dar, 2013; Cheng
et al., 2017; Chen et al., 2019; Hernandez-Vazquez et al., 2022). The
presence of coumarins and other phytometabolites in some traditional
Chinese medicine and endophyte cultures have been implicated as the
principle for their antidepressant effects (Tan et al., 2000).

In this review, 31 coumarins and their derivatives were recorded
from the eligible literature (Fig. 2), and we focused on their reported
antidepressant effects via, neurotransmitter pathway (monoamine al-
terations), neurotrophic pathway (via BDNF activation), inflammatory
pathway (cytokines modulation) and neuroinflammation (brain-gut-
microbiome colony restoration). It is noteworthy that these pathways
are not mutually exclusive and can relate to one another because
depression is caused by synergic combination of factors which include
multiple biological alterations of either genes or pathways (Nonen et al.,
2016; Udina et al., 2016; Mandal et al., 2022). In addition, the synergy
with other diseases in relation to the antidepressant effects of coumarins
and their derivatives remain prominent.

3.1. Pharmacological pathways of the antidepressant effects of coumarins
and their derivatives

The different pharmacological activities of coumarins and their de-
rivatives is linked to their ability to suppress myosin light chain kinase;
restrict the development of the mitotic spindle, which results in cell
death, and reduce tyrosine phosphorylation (Wu et al., 2009), while
their antidepressant effects may be attributed to their antioxidant and
anti-inflammatory properties (Mateés et al., 1999; Sulakhiya et al., 2016;
Dhiman et al., 2018; Singh et al., 2020; Hasan et al., 2021; Sharma et al.,
2022).

Several investigations on the antidepressant effects of coumarins and
their derivatives using different dose, various plant parts, extraction
solvents and biological systems (in vitro, in vivo, and in silico models)
have been conducted (Table 2). The antidepressant effects of some
coumarins and their derivatives have been investigated in animal
models. For example, coumarin regulates the level of dopamine; 7-
hydroxycoumarin (7-HC) increases the brain’s levels of norepineph-
rine and serotonin; 4-thiochromen-3-one class coumarin derivatives
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Table 3
The inhibitory values (ICso/pICsp) of some coumarins and their derivatives
against monoamine oxidases.

Monoamine Compounds ICs0, Reference
oxidase (MAO) pICso
isoforms
MAO Auraptene 1.70 yM Jeong et al.
(2006)
7-(6'R-hydroxy-3’, 7°-dimethyl- 0.70 pM Carotti et al.
2’E, 7’-octadienyloxy) coumarin (2002)
Xanthotoxin 64.60 Carotti et al.
UM (2002)
Umbelliferone 87.50 Jeong et al.
UM (2006)
Lacinartin 9.20 uM Jo et al.
(2002)
Scopoletin 19.40 Yun et al.
pg/mL (2001)
Scopoletin 45.00 Lee et al.
pmol (2000)
Aesculetin a.k.a cichorigenin, 30.10 Lee et al.
6,7-dihydroxycoumarin and pmoL (2000)
esculetin
Aesculetin 7-methyl ether 32.20 Lee et al.
pmoL (2000)
MAO-A Auraptene 34.60 Jeong et al.
UM (2006)
7-(6'R-hydroxy-3’, 7’-dimethyl- 1.30 yM Carotti et al.
2’E, 7’-octadienyloxy) coumarin (2002)
Desmethyl congener 4.62%" Carotti et al.
(2002)
Geiparvarin 4.57%" Carotti et al.
(2002)
3,4-dimethylgeiparvarin 37% Carotti et al.
(10 M)* (2002)
3,4-dihydro-2(1H)-quinolinone 6.89%" Carotti et al.
derivatives (2002)
Psoralen 15.20 Kong et al.
uM (2001)
Isopsoralen 9.00 M Kong et al.
(2001)
Lacinartin 5.70 pM Jo et al.
(2002)
7-[(3,4-difluorobenzyl)oxy]-3,4- 1.14 nM Gnerre et al.
dimethylcoumarin (2000)
Decursin 1.89 pM Lee et al.
(2017)
MAO-B Auraptene 0.60 pM Jeong et al.
(2006)
Lacinartin 28.60 Jo et al.
M (2002)
7-(6’R-hydroxy-3’, 7’ -dimethyl- 0.50 M Carotti et al.
2’E, 7’-octadienyloxy) coumarin (2002)
Desmethyl congener 7.55%" Carotti et al.
(2002)
Geiparvarin 6.84%" Carotti et al.
(2002)
Psoralen 61.80 Kong et al.
UM (2001)
Isopsoralen 12.80 Kong et al.
M (2001)
Decursinol angelate - Lee et al.
(2017)

@ pIC50 (the potency or inhibitory activity of a compound in pharmacology
and drug discovery.

inhibits monoamine transporters, 2-oxo-3-(3,4,5-trimethoxyphenyl)
propanoic acid (TMPA) inhibits norepinephrine transporter (NET) and
serotonin transporter (SERT). Scopoletin present in Scopolia japonica,
Polygala sabulosa, Hibiscus syriacus and umbelliferone, a coumarin de-
rivative also exhibits antidepressant activity (Yun et al., 2001; Capra
et al., 2010; Monadi et al., 2021). The ultra-high performance liquid
chromatography-tandem mass spectrometry (UHPLC-MS/MS) of the
methanol-water extracts of Areca catechu L. (Betel nuts - kernel and
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peel), which is a Chinese traditional medicine, revealed the presence of
coumarins in the extract among the diverse phytochemicals (Yang et al.,
2021). Likewise, the dried leaves of Platycodon grandiflorum (Jacq.) A.
DC., (Wang et al., 2019a) and the hydroalcoholic leaf extract of Morus
alba contain coumarins and exerted antidepressant effects (Askar,
2019). Certain coumarins and their derivatives have a significant
blood-brain barrier (BBB) permeability and selectivity, which is indic-
ative of a good pharmacokinetic potential hence they are promising for
drug development (Herbet et al., 2022).

3.1.1. Inhibition of monoamine oxidase (MAQO) by coumarins and their
derivatives

Monoamine oxidase (MAQO) breakdown neurotransmitters such as
dopamine, norepinephrine, and serotonin by inhibiting MAO, the
availability of the neurotransmitters in the brain increases and subse-
quently depression-like symptoms were alleviated. Several coumarins
and their derivatives associated with MAO inhibition (MAOI) exhibit
antioxidant effects particularly coumarins with a methoxy group at
position 7 (Gnerre et al., 2000; Sairam et al., 2007; Dhiman et al., 2018).
There are two isoforms of MAOIs and they are classified based on their
substrate viz., MAO-A and MAO-B (Gnerre et al., 2000; Sairam et al.,
2007). For instance, MAO-A such as minaprine, toloxatone and brofar-
omine exert influence on dopamine, melatonin, epinephrine, serotonin,
melatonin, and norepinephrine. On the other hand, MAO-B including
lazabemide, and rasagiline exert influence on trace amines, phenyleth-
ylamine, dopamine. There are the amphi-MAOIs i.e., non-selective
MAO-A/B inhibitors such as furazolidone, pheniprazine, and ben-
moxin (Gnerre et al., 2000). MAO-B reacts on benzylamine and phen-
ylethylamine while MAO-A has a stronger affinity for norepinephrine
and serotonin (Sairam et al., 2007).

The inhibition of MAO enzyme may be irreversible or reversible. The
reversible inhibitors have weak bonds with the MAO enzyme and can be
eventually displaced from it, allowing the enzyme to regain its activity,
while the irreversible inhibitors adhere to the enzyme tightly and irre-
versibly inactivate it (Ramsay, 2012; Kaczmarczyk et al., 2020). The
reversible MAOIs can be eliminated from the body quickly, are less
likely to cause long-term adverse effects, and are generally considered
safer than irreversible MAOIs (Ramsay, 2012; Kaczmarczyk et al., 2020).
Decursin is an example of reversible MAOIs, while isocoumarin and
7-hydroxycoumarin and clorgyline are examples of the irreversible
MAOIs. Lee et al. (2017) isolated five coumarins (decursinol, deme-
thylsuberosin, decursin, decursinol angelate and nodakenin) from the
roots of Angelica gigas Nakai and tested them against human MAO
inhibitory properties for the treatment of conditions such as depression,
Parkinson’s, and Alzheimer’s disease. Neither MAO-A nor MAO-B en-
zymes were effectively inhibited by nodakenin, demethylsuberosin, and
decursinol. MAO inhibition was exhibited by the structurally related
compounds, decursin and decursinol angelate (Table 3). Decursin was
highly effective than decursinol angelate. In addition, the ICs( value was
comparable to that of toloxatone, a commercial antidepressant drug.

Based on the study by Dhiman et al. (2018), the impact of the hybrid
coumarin and 5-bromo-2-oxoindolin-3-yl ring with hydrazine binder on
the (human) hMAO-A active site revealed a significant hMAO-A inhib-
itory capacity of one of the tested compounds known as 5-bromo-isatin
(7.473 pM). They further conducted computational studies and observed
that a strong relationship between the docking score and experimental
MADO inhibition. Geiparvarin, a coumarin isolated from Geijera parviflora
Lindl inhibited MAO (Dreyer and Lee, 1972; Jerris and Smith, 1981).
Geiparvarin and its analogues were observed to efficiently inhibit the
two monoamine oxidase isoforms (MAO-B and MAO-A) differently.
Desmethyl congener, one of the tested compounds, was found to be a
potent and specific MAO-B inhibitor, greater than its parent compound
geiparvarin (Table 3). In addition, using molecular modelling and X-ray
crystallography, the observed activity variations was linked to the
removal of some steric hindrance from its methyl group in position 3
(Carotti et al., 2002).
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The simple coumarin, and derivatives of 3,4-dihydroisoquinolin-1
(2H)-one are structurally related, having nitrogen or carbon atoms in the
ring and a six-membered ring with a double bond in common (Fig. 1).
According to Bester et al. (2022), 3,4-dihydroisoquinolin-1(2H)-one
antidepressant effect may be linked to it its structural relatedness with
coumarin. This may imply that compounds that are structurally related
to coumarin may also induce antidepressant effects. Gnerre et al. (2000)
tested the effective inhibition of 71 coumarins derivatives against
MAO-A and MAO-B. They found that 3,4-dihydro-2(1H)-quinolinone
derivatives significantly inhibited MAO-B (Table 3). Based on the find-
ings by Gnerre et al. (2000), out of the 71 coumarin derivatives inves-
tigated, a number of the coumarins investigated demonstrated more
convincing interactions with MAO-B. The compound 7-[(3,4-difluoro-
benzyl)oxy]-3,4-dimethylcoumarin, exhibited the most effective
MAO-B inhibition (Table 3).

Chen et al. (2005) observed that furocoumarins present in the seeds
of Poralea corylifolia exhibited preference for MAO-B inhibition. Jeong
et al. (2006) observed that auraptene and 7-(6’R-hydroxy-3’, 7’-dime-
thyl-2’E, 7’-octadienyloxy) coumarin exhibited preferential inhibition
against MAO-B. The coumarin compounds synthesised by Mangiatordi
et al. (2017) were specific to MAO-B. The methanol extracts of Dictamnus
albus aerial parts contains the following coumarins; (6’R-hydroxy-3’,
7’-dimethyl-2’E, 7’-octadienyloxy) coumarin, xanthotoxin, umbellifer-
one and auraptene. All the coumarins inhibited MAO at varying con-
centrations as quantified by the ICsy values (Table 3), and with affinity
to MAO-B (Jeong et al., 2006).

This pattern of preference to MAO-B inhibitors has been reported in
several neurodegenerative diseases including Alzheimer (Matos et al.,
2020; Rodriguez-Enriquez et al., 2020; Carneiro et al., 2021). On the
contrary, Kong et al. (2001) observed that two furocoumarins (psoralen
and isopsoralen) obtained from Psoralea corylifolia L., specifically
inhibited MAO-A over MAO-B. Psoralen has been isolated from Cullen
corylifolium (L.) Medik and Angelica dahurica (Hoffm.) Benth. & Hook.f.
ex Franch. & Sav. (Kong et al., 2001; Chen et al., 2005; Xu et al., 2008).
Based on the study by Lee et al. (2000), the authors revealed a significant
MAO inhibitory properties of three coumarins, aesculetin,
esculetin-6-methylether, and scopoletin, isolated from the perennial
weed Artemisia vulglaris (mugwort). Isocoumarin, decursin and clorgy-
line were selective towards MAO-A (Lee et al., 2017; Koyiparambath
et al., 2021; Guglielmi et al., 2022). Coumarins are considered as key
MAQOs inhibitors because of their simplicity in synthesis, great thera-
peutic potential, and reversible ability to block MAOs (Koyiparambath
et al., 2021).

Drug-drug interaction has been of concern to many researchers
especially for those in the pharmaceuticals because of resistant to
treatment and side effects such as psychotic relapse, extrapyramidal
effects (Guieu et al., 2021; Shrivastava et al., 2022). The potential drug
interaction (PDI) of coumarins and other medications observed among
cancer patients receiving IV therapy who are ambulatory lead to the
recommendation that the screening of these drugs (PDI) should be done
before chemotherapy (Van Leeuwen et al., 2011).

For some coumarins, the drug interaction is attributed to modulatory
inhibitory lipophilic interactions than electronic/electrostatic in-
teractions (Gnerre et al., 2000). Implying that lipophilic and electro-
static are the only MAO activity modulators. However, another report
indicated that lipophilic, electrostatic, and steric are the modulate ef-
fects of MAO-A and B (Catto et al., 2006). This differential modulatory
observation is believed to be a consequence of structural differences in
coumarins (Vilar et al., 2012). The selectivity of MAO-A and B in-
hibitors, lipophilic and steric fields were not as significant as electro-
static fields in determining the selectivity of the enzyme (Catto et al.,
2006).

Hampel et al. (1996) investigated the drug-drug interaction of
amitriptyline (an antidepressant) and a coumarin derivative, phenpro-
coumon an anticoagulant and the authors observed thrombinemic ef-
fects. However, due to the small sample size (7), the authors
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acknowledged that their experimental observation cannot be conclu-
sive. Monastero et al. (2007) observed a drug-drug interaction between
a synthetic coumarin anticoagulant acenocoumarol (warfarin) and
duloxetine in humans. A drug-drug interaction precisely antagonism
was reported by Schurr and Livne (1976). The authors reported that
cannabidiol (CBD) counteracts the effect of AL-THC on MAO brain
mitochondria.

Side effects such as headaches and high blood pressure are due to off-
target inhibition, which happens when certain drugs react with fla-
voenzymes other than MAO (Ramsay et al., 2016; Bester et al., 2022).
The type and location of the major drug-enzyme interactions have a
significant impact on the potency and selectivity of MAO inhibitors.
Drug design can be done by selectively blocking either the MAO-A or
MAO-B enzymes, or both. This blocking may result in different degrees
of potency by targeting specific regions of the active site and utilising
non-covalent interactions. Two ‘2H-chromene-2-one’ compounds
(compounds 1 and 2) both linked to active coumarin moiety, which
served as molecular probes were used to understand the molecular basis
of human MAOs (hMAOs) selectivity. They inhibited hMAO-A and
hMAO-B with good isoform specificity (hMAO-B) (Mangiatordi et al.,
2017). Sertraline a synthesised salt was linked to a moiety
coumarin-3-carboxylate anion (SerH-CCA), and exerted antidepressant
activity (Escudero et al., 2016). An investigation of three coumarins
(bergapten, umbelliferone and xanthotoxin) revealed prolonged
behavioural effects of nicotine in animal models of depression, as well as
memory, and learning (Budzynska et al., 2016). The authors concluded
that nicotine’s procognitive and antidepressants effects were extended.
As antidepressant and memory-enhancing effects are one of the primary
causes of nicotine dependence, these coumarins may present a novel
approach to the treatment of nicotinism. However, nicotine and cou-
marins administered independently had no effect on the locomotor ac-
tivity of mice 60 min after dosing (Budzynska et al., 2016).

In a mouse brain, a 250 pg/mL methanol extract of Zanthoxylum
schinifolium Siebold & Zucc. stem exhibited strong inhibitory effect
against MAO (Jo et al., 2002). The hydro-ethanol extract of Synedrella
nodiflora (L.) Gaertn, had antidepressant property mediated by
enhanced noradrenergic and serotoninergic processes (Amoateng et al.,
2018). The preliminary qualitative phytochemical screening and
high-performance liquid chromatography (HPLC) of the extract revealed
the presence of coumarins. The brain and liver of pigs have been used to
evaluate MAO inhibitory effects (Schurr and Livne, 1976). Hashish ex-
tracts, a drug from Cannabis sp. was tested on porcine brain and liver
mitochondria and the effect was more significant when compared to the
other tested compound [Al-tetrahydrocannabinol (AL-THC)] (Schurr
and Livne, 1976). They further concluded that the mechanism of
cannabinoid potency was tissue specific as it had no effect on the liver
mitochondria MAO at 19 pg/mg. This observation may have been
influenced by the tested concentration, and not time because the effect
of further exposure duration was investigated.

Two coumarin derivatives (scopoletin and umbelliferone) isolated
from the methanol extract of Biebersteinia multifida DC roots had the
potential to treat anxiety disorders including depression (Mon-
sef-Esfahani et al., 2013). The authors observed a significantly better
response relative to the standard drug diazepam (a commonly used
anxiolytic drug). Thus, the root extract of B. multifida may be an effective
natural treatment for anxiety disorders.

3.1.2. Brain-gut-microbiota and the antidepressant effects of coumarins
and their derivatives

Recently, neuroscience studies on depression using animal and
translational models have been drawn to the brain-gut-microbiota axis
theory. This postulates a link between the gut microbiome and the brain,
which is bidirectional communication between the gut bacteria and the
brain as well as between the microbes and the brain (Moloney et al.,
2014; Dinan and Cryan, 2017; Winter et al., 2018; Tremblay et al.,
2021). Changing the gut microbiota may be a viable treatment for
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mental disorders including depression (Moloney et al., 2014; Chong
et al., 2019). To fully comprehend the mechanisms underpinning the
brain-gut axis and the function it plays in depression, more research
especially from clinical trials is necessary.

In China, meranzin hydrate (an organic coumarin derivative) is a
commonly prescribed antidepressant, and it has been isolated from
Citrus aurantium L. (Nie et al., 2022). Phebalium tuberculosum, Muraya
paniculata and Triphasia trifolia have anti-depressive properties through
alpha 2-adrenoceptors (Xie et al., 2013; Liu et al., 2021). In addition, Xie
et al. (2013) linked this antidepressant property to the ability of mer-
anzin hydrate to rebuild the gastrointestinal through the alpha 2-adre-
noceptor and ghrelin levels. Hence, its involvement in the
brain-gut-microbiota cannot be over-emphasised. Other coumarins and
their derivatives may be inducted in the improvement of the gastroin-
testinal function but are yet to be explicitly evaluated. Hence, it is
imperative that more research in this regard should be given utmost
attention. To buttress on this, Martelli et al. (2009) and Lee and Park
(2000) independently noted that the use of certain antidepressant
negatively affected the gastrointestinal movement and thus resulted in
depression.

3.1.3. Inflammatory pathway: antidepressant effects of coumarins and their
derivatives on chronic inflammation

Neuroinflammation occurs via the modulation of the either mitogen-
activated protein kinase (MAPK) pathways or nuclear factor kappa B
(NF-xB), and these pathways are associated with the development of
depression. The occurrence of these inflammation signalling pathways
activates pro-inflammatory cytokines such as interleukin-6 (IL-6),
interleukin-1p (IL-1p) and tumour necrosis factor-alpha (TNF-a) in
different cell types (Roohi et al., 2021; Troubat et al., 2021). These
pro-inflammatory cytokines can harm neurons and impair their func-
tion. The inflammation of the brain and oxidative stress may contribute
to the development of depression (Dikmen et al., 2004; Troubat et al.,
2021; Behl et al., 2022; Porter and O’Connor, 2022). Hence, an increase
in the body’s antioxidants will avert oxidative stress and inflammation
because antioxidants can aid in defending cells against harm from
reactive oxygen species and free radicals. A comprehension of the
complexity and full understanding of the link among neuro-
inflammation, antioxidants, and depression will contribute to alterna-
tive and adjunctive treatment of depression.

According to the network pharmacology, Areca catechu L. which
contains dihydro-p-coumaric acid (phloretic acid) and other metabolites
may have an impact on signalling pathways connected to inflammation
and as a result, may be useful in the treatment of depression (Yang et al.,
2021). The MAPK pathway has been demonstrated to be inhibited by
umbelliferone (Wang et al., 2019b; Hassanein et al., 2020) and osthole
(Zhou et al., 2019; Singh et al., 2021), which also results in lower syn-
thesis of cytokines that promote inflammation. Hence, these two cou-
marins may be exerting their antidepressant activity via the
inflammatory pathway.

3.1.4. Brain-derived neurotrophic factor (BDNF) and the antidepressant
effects of coumarins and their derivatives

The BDNF is a protein that plays a key role in the growth, develop-
ment, and maintenance of nerve cells (neurons) found in the brain and
peripheral nervous system. The action occurs in forebrain regions,
especially the hippocampus, making BDNF an important factor in the
effectiveness of antidepressants because of its link with depression and
other mood disorders (Wang et al., 2008; Bjorkholm and Monteggia,
2016; Zhang et al., 2022). Serotonergic and dopaminergic neurotrans-
mission is significantly influenced by BDNF through its control of
neuronal development (Studer et al., 1995). Treatment with imperatorin
and scopoletin dramatically elevates the protective factor BDNF in the
brain of rats (Wang et al., 2013) and under in vitro condition using as-
trocytes of rats (Patel et al., 2016), respectively.

Esculetin decreased the depressive-like behaviours in mice while
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Fig. 3. Studies percentage frequency on the different pathways of antidepressant effects of coumarins and their derivatives (n=36).

raising levels of brain-derived neurotrophic factor (BDNF), and as
esculetin decreased the levels of pro-inflammatory cytokines in the
brain, it is indicative that its antidepressant pathway is through its
ability to reduce inflammation (Zhu et al., 2016). This is an indication
that the pathways are not mutually exclusive of one another.

A limited number of research has been conducted on the brain
derived neurotrophic (8%) and inflammatory (3%) pathways of the
antidepressant effects of coumarins and their derivatives (Fig. 3).
Therefore, this area provides opportunities for researchers to explore in
attempt to gain better understanding.

3.1.5. Bio-behavioural studies on the antidepressant effects of coumarins
and their derivatives

The risk of depression may increase by certain environmental factors
such as abuse, and trauma. The first animal model report on the anti-
depressant effects of drugs was by Porsolt et al. (1977b), which was the
forced swimming test (FST). The tail suspension test (TST) was later
introduced by Steru et al. (1985). In animal models especially with the
use of rodents, two types of tests namely FST and TST, are frequently
used to investigate the antidepressant properties of chemicals/drugs
(Porsolt et al., 1977a; Chen et al., 2005; Xie et al., 2013; Wu et al., 2015;
Park et al., 2018; Askar, 2019; Kaur et al., 2019; Wang et al., 2019a;
Hernandez-Vazquez et al., 2022). In addition to FST and TST, other type
of behavioural test are sucrose preference test (SPT) (Wang et al.,
2019a), elevated plus maze (EPM), open field test (OFT) (Mon-
sef-Esfahani et al., 2013; Sulakhiya et al., 2016; Park et al., 2018).

Based on the study by Wang et al. (2021), the most potent antide-
pressant among the tested compounds was 7-(2-(4-(4-fluorobenzyl)
piperazin-1-yl)-2-oxoethoxy)-2H-chromen-2-one. In the FST and TST
test models, the compound increased the level of 5-HT in the mouse
brains. Hence, the authors concluded that it may operate as a mediator
for the antidepressant action of coumarin derivatives. The outcomes of
molecular docking showed that the compound interacted significantly
with the amino acids close to the active site of the homology model
5-HT1A receptor. The traditional Korean remedy Gyejibokryeong-hwan
(GBH) and its possible antidepressant benefits on mice with
reserpine-induced depression was investigated and of the eight marker
compounds found in GBH that were confirmed via HPLC analysis was
coumarin (Park et al., 2018). The findings suggested that patients who
suffer from depression may benefit from GBH treatment.

Two coumarins (auraptene and meranzin) present in immature fruits

of Citrus aurantium L. were identified by Chen et al. (2012). After
treatment with the aqueous extract of C. aurantium L., Wu et al. (2015)
found that the mice utilized for the FST and TST had a significantly
shorter immobility time. The aqueous, hexane, methanol, and
dichloromethane extracts of the aerial parts of Tagetes lucida Cav. were
tested on rats using FST, and only the aqueous extract exhibited anti-
depressant effects via serotonergic system (Gabriela et al., 2012). The
antidepressant activity of auraptenol present in Angelica dahurica
(Hoffm.) Benth. & Hook.f. ex Franch. & Sav. was considerably reduced
by the specific 5-HT1A receptor antagonist WAY100635 (Gu et al.,
2014). The current investigation showed that auraptenol significantly
decreased the immobility time following acute administration in the TST
and FST in mice at systemic dosages of 0.2 and 0.4 mg/kg. Auraptenol
had an insignificant impact on locomotor activity in the third behav-
ioural test due to the selective serotonin 5-HT;, receptor antagonist
WAY100635. Ferula assafoetida L. (Asafoetida) used to treat depression
(Algasoumi et al., 2011; Algasoumi, 2012), the extract contained
coumarin derivatives and other phytometabolites (Algasoumi, 2012).
The antidepressant effect of meranzin hydrate was tested using the FST
model of depression (Xie et al., 2013). The dry root of Angelica dahurica
is listed in the Chinese Pharmacopoeia. It is a rich source of coumarins
and furanocoumarins, among them coumarin, scopoletin, psoralen,
xanthotoxin, bergapten, isoimperatorin imperatorin byakangelicol,
oxypeucedanin and phellopterin, which were present in the methanol
extracts of the dried roots of Angelica dahurica. Nie et al. (2022) inves-
tigated the antidepressant effect of meranzin hydrate by assessing its
effects on a rat model of depression and they developed a competitive
endogenous RNA (ceRNA) network responsive to the meranzin hydrate
therapy. They further gave insights into the molecular mechanisms
involved in treating mental health issues, including the Wnt signalling
pathway, the axon guidance pathway, and the MAPK signalling
pathway, which are all connected to depressive-like behaviour treat-
ment according to KEGG pathways.

3.2. Implications of the antidepressant effect of coumarins and their
derivatives with other diseases

Depression has been linked with other diseases such as Alzheimer’s
disease (Korczyn and Halperin, 2009), diabetes mellitus (Sarwar et al.,
2022) and schizophrenia (Apweiler et al., 2022). Kallitsakis et al. (2017)
utilized coumarin derivatives to create 1,3-dipolar cycloaddition
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reactions with nitrile oxides, for the treatment of Alzheimer’s disease,
these coumarin-based compounds also functioned as AChE and MAO
inhibitors. The novel chemicals created from these coumarins exhibited
antioxidant activity and inhibited MAO-B and AChE. This agrees with
the report of Sloley et al. (2000), which indicated that MAO-B inhibitors
have antioxidant activity.

An amino acid compound (AAC) derivative termed (AAC2), was
synthesised from the AAC peptides produced by Lee et al. (2020a) via the
addition of 7-(diethylamino) coumarin-3-carboxamide side-chain moi-
ety. The authors discovered that it improved glucose regulation in
humans and decreased anxiety-related behaviour in mice. An in vitro
assay on PI3K and AMPK signalling using coumarins was observed to
reduce blood glucose and improve insulin sensitivity by improving
glucose uptake through activation of the PI3K and AMPK (Jang et al.,
2020). Two novel coumarin-based compounds, KIT\C and KIT H were
effective on the GPR55 receptor, which has less adverse effects than
other medications used to treat neurological diseases such as depression,
and schizophrenia. They have been found to alleviate symptoms asso-
ciated with these diseases (Apweiler et al., 2022).

In terms of occurrence and progression, pain and depression often
coexist (Nekovarova et al., 2014). Treatment with osthole improved
cognitive deficits, reduced anxiety and depression-like behaviours in
rats that had undergone ovariectomy (Adu-Nti et al., 2021). In a study
conducted using reserpine-induced pain-depression dyad in mice; two

coumarins; skimmetin (umbelliferone) and osthole were administered
(Singh et al., 2021). Findings from the study revealed that skimmeti-
n/osthole therapy may prevent neurotransmitter dysregulation caused
by inflammation and oxidative stress, thus having an effect on depres-
sion. Reserpine mitigation in fibromyagia (a pain syndrome) treatment
elevated depression and caused reduced motor coordination in mice.
However, the depressive traits reduced when imperatorin a natural
furanocoumarin at 10 mg/kg was administered to mice (Kaur et al.,
2019). Esculetin, a powerful antioxidant produced from coumarin,
decreased anxiety and depressive-like behaviour. Therefore, esculetin
can be used to treat psychiatric conditions linked to inflammation and
oxidative stress (Sulakhiya et al., 2016). Nodakenin, a coumarin deriv-
ative reduces depression-associated memory impairment in mice via
anticholinergic scopolamine (Jameel et al., 2016).

3.3. Toxicity of coumarins

Even though coumarins and their derivatives have several advan-
tages, the Federal Drug Administration (FDA) of USA classify them as
toxic, and as a result, their use as food additive is prohibited (Egan et al.,
1990; Byrden, 1995; Bovell-Benjamin and Roberts, 2016). The inde-
pendent studies of Byrden (1995), Born et al. (2003), and Ratanasavanh
et al. (1996) concur that coumarins are toxic. However, Byrden (1995)
emphasized that toxicity observed in experimental rat models cannot be
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Fig. 5. (A) Annual scientific research publications associated with the antidepressant effects of coumarins and their derivatives from 1996 to 2022. (B) Average
research publications citations associated with the antidepressant effects of coumarins and their derivatives per year; from 1996 to 2022.

accurately extrapolated to human toxicity due to differences in human
and rat metabolism. It is likely that the toxicity is dose-dependent rather
than inherent to coumarins. The use of coumarins and their derivatives
at moderate or effective concentrations may be a long-term solution,
provided the benefits outweigh the drawbacks. Additionally, long-term
consumption may be detrimental to human health (Bovell-Benjamin and
Roberts, 2016). The European Union has set a maximum coumarin
content in food items at 10 mg/kg (Duns, 2013).

3.4. Bibliometric analysis: The who, what, how, and where in relation to
studies on the antidepressant effects of coumarins and their derivatives

3.4.1. Keywords: main themes of publications

The bibliometric analysis of author keywords co-occurrence network
(KCN) that were submitted from the 46 publications’ authors keywords
with at least two times co-occurrence was conducted. In total, 21 of the
183 keywords (authors keywords) passed the threshold for further
analysis. There were six clusters with a total link strength of 42. The
significant keywords in each cluster are as follows: purple: "depression”
“meranzin hydrate”; blue: “coumarins”, “mice”, “antidepressant”;
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yellow: “anxiety” “flavonoids” and “neuroinflammation”; green:
“coumarin”, “monoamine oxidase” “inhibitors”; red: “neurotransmit-
ters”, “oxidative stress”, “MAO-A”; turquoise: “pharmacophore” and
“MAO”. These are among the top keywords that at appeared more than
any other in each cluster (Fig. 4A). In 2014, the research focus was on
MAO and their inhibitors, but “cytokines” and “fibromyalgia” are
gaining grounds in recent depression related research trend (Fig. 4A).
Fibromyalgia may be a new research trend because of the commonality
with depression in terms of pathophysiology and thus both diseases are
mostly treated with the same drugs having dual actions on serotonergic
and noradrenergic systems. To display the frequency of author key-
words, a word cloud was constructed. The statistics showed that
"depression" was the most frequently used keyword, followed by "cou-
marins", "antidepressant” (Fig. 4B). The less frequently used words were
"allosteric inhibitors", “Alzheimer’s disease”, “chalcones”, “betel nut”
and "antifungal". A significant diversity of keyword trends is an indica-
tion that a mosaic pyramid paradigm of research fields can emerge.

3.4.2. Publication trend from 1996 to 2022
The most prominent authors, publications, countries, and journals
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associated with research on the antidepressant effects of coumarins and
their derivatives.

3.4.2.1. Global annual scientific publications and average citations per
year. Between 1996 and 2022, covering more than two decades, the first
rise in scientific published research was recorded in 2007, and the sec-
ond in 2012 (Fig. 5A). However, the post-COVID-19 era - 2021 (Lockee,
2021) the highest number of publications (6) was produced. This
observation is also affirmed by Carneiro et al. (2021). The impact of the
of the pandemic on stress levels, depression, and anxiety in 2020 could
have significantly impacted this spike in publications. There were no
publications in some years. Furthermore, it is evident that coumarins
and their derivatives are yet to be thoroughly explored for their anti-
depressant effects. Henceforth, there may be a positive research
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publication growth. The average citations per year surge for 2012
(Fig. 5B), appears to coincide with the increase in annual production in
the same year (Fig. 5A). However, the post pandemic increase publica-
tion did not tally with citations. This observation may be due to delayed
publication rate.

3.4.2.2. Global prominent authors. The number of publications a
researcher has published and the number of times each work has been
cited are used to determine the H-index. Bhatti R., Kaur A., and Singh L.
have the highest publications of three each (Fig. 6A). However, ac-
cording to the VOSviewer analysis, Carotti A, Vilar S, and Wang F had
only two publications each but had the highest number of citations, 36,
41, and 41, respectively. This is suggestive that visibility of publications
is important for citations. Moreso, Fig. 6B shows that some of the recent
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publications are from Bhatti R, and Apweiler M as indicated on the year
scale based on the colour codes.

3.4.2.3. Global core journals: journal name. The most frequently cited
journal is Molecules, an open-access publication, which reveals that the
frequency of citations (Fig. 7A) is impacted by the journal’s accessibility.
The subscription-only journal Annals of Oncology received the fewest
citations (Fig. 7A). Although citation analysis does not assess the level of
scientific quality, it demonstrates the significance of the publication(s)
(White-Gibson et al., 2019). The journal ‘Molecules’ (impact factor =
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4.927, 2022) had the highest publication of 12, followed by Behaviour
Brain Research (IF=3.352, 2022). The bibliographic coupling with
source (journal) was conducted using the defined set: a minimum
number of documents from a journal was set at one with a zero number
of citations because of the recent 2022 publications. Based on VOS-
viewer analysis, Molecules and The Current Journal of Molecular
Neuroscience, Experimental Brain Research and Bioorganic Chemistry
are the trending journals (Fig. 7B).

3.4.2.4. Bibliometric participation among countries. The publications on
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Table 4
World collaboration frequency on the antidepressant effects of coumarins and
their derivatives from 1996 to 2022.

the antidepressant effect of coumarins and their derivatives originated
from all continents, with exception of Australia and Antarctica (Fig. 8A).
Considering that depression is a global disease (WHO, 2022), it may be
misleading to conclude that Australia and Antarctica are not affected.
The zero records on publications may be a result of a lack of docu-
mentation or perhaps a low prevalence frequency of the subject matter.
The latter is reasonable for Australia as studies on the continent’s
depression rate recorded a low occurence (Stanton et al., 2020) and only
10% of the habitants were reported to have depression-like symptoms
(ABS, 2017-2018). Comparatively speaking, countries in North America
and Europe collaborate more than any other continents (Fig. 8B and

The highest frequency (2) of collaboration was between USA and
Italy; USA and Spain; as well as Italy and Spain. China also has a
collaboration frequency of one with USA, Switzerland, Hong Kong, and

Country 1 Country 2 Frequency
China Hong Kong 1
China Switzerland 1
China United States of America 1
Germany Spain 1
Germany Switzerland 1
Ghana United Kingdom 1
Italy France 1
Italy Greece 1 Table 4)
Italy Spain 2 §
USA Italy 2
USA Spain 2
USA United Kingdom 1
CHINA
USA
INDIA
NETHERLANDS @

ITALY

KOREA

UNITED KINGDOM

IRAN

MEXICO

SPAIN

GERMANY

SWITZERLAND

ARGENTINA

GREECE

SAUDI ARABIA

GHANA

SOUTH AFRICA

IRAQ

|

50

&

100
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Fig. 9. Most cited countries from publications on the antidepressant effects of coumarins and their derivatives.
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Fig. 10. (A) Thematic evolution map and (B) structure and patterns based on the co-occurrence of publications terms used in the antidepressant activities of

coumarins and their derivatives articles.

India (Table 4). There is a very low collaboration frequency with any
African country. In Africa, there are several reports on the antidepres-
sant potentials of some indigenous medicinal plants with diverse phy-
tochemicals including coumarins (Stafford et al., 2008; Manganyi et al.,
2021; Bonokwane et al., 2022).

China (87) has the highest number of publications, while France,
Iraq and Saudi Arabia had the least (1) (Table 4). China, India, the
United States of America, and South Korea, are the top publishing na-
tions (Table 4) with an average frequency above 20. China may be
topping the publication list because several Chinese traditional medicine
have been reported to exert antidepressant effects.

The most cited countries were China, USA, India, Netherlands, Italy,
Korea, United Kingdom, Iran, Mexico, and Poland (Fig. 9). This order
does not correlate with the top publishing countries (Table 4), it may be
deduced that other factors such as availability of journals, source of
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information may have influenced this disparity. It is also possible that
other Asian or a non-English speaking country could have also topped
the chat but for the inclusion criteria that focused on publications
written in English (Fig. 1).

3.4.2.5. Research thematic evolution. In the first thematic evolutionary
trend map (1996-2017), there were no basic and niche themes
(Fig. 10A). This could imply that in the early period of this timeline, the
themes were not well-established. However, in the second map covering
(2018-2022) (Fig. 10A), they were basic and niche themes, and the
second thematic map clearly places ‘article’, ‘controlled study’ and
‘nonhuman’ in the basic theme’s quadrant. Even though this is an
indication of the importance of the themes, the research output is not
substantial. The second thematic map (Fig. 10B), ‘monoamine oxidase
inhibitor(s)’ and ‘structure-activity relationship’ are in the niche
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themes, which implies that these are strongly developed themes, but
with marginal importance for the field. Thus, both themes are peripheral
topics. The motor or driving themes are the current research field pat-
terns and well developed; and include ‘depression’, ‘animal experiment’,
‘animal model’ and ‘human’. Although, there were some borderline
themes ‘chemistry’, oxidative stress’ which may eventually evolve
completely to the motor themes. Likewise, ‘article’ evolved from motor
to basic themes (Fig. 10A). Indeed, metabolomics in this field of study is
an emerging theme, while certain procedures e.g., psychoanalytic the-
ory to biological approaches are declining due to advancement in
research.

4. Conclusion

Plant-derived coumarins could be used to develop potent antide-
pressant drugs. Coumarins and their derivatives are potential treatments
for depression by targeting different pathways which are not mutually
exclusive. However, the inflammatory (cytokines modulation), neuro-
trophic pathway (via BDNF activation), neuroinflammation (brain-gut-
microbiome colony restoration) are not completely understood. Among
the 31 reported coumarins and their derivatives, scopoletin, psoralen, 7-
hydroxycoumarin, meranzin hydrate, osthole, esculetin/umbelliferone
are among the most studied coumarins with antidepressant effects.
Meranzin hydrate is presently the only coumarin derivative that is
implicated in brain-gut-microbiota antidepressant pathway. Plant-based
food/diet and lifestyle are two key factors that could help in enhancing
the production of neurotransmitters. Despite the promising antidepres-
sant effects of some coumarins and their derivatives, the effectiveness
and safety of several more are yet to be fully investigated. In addition,
there is a need for more colloborations among researchers in the
different continents to fully understand the mechanisms, potential side
effects and eventually identify the appropriate coumarin(s) to investi-
gate in human clinical trials.
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