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Abstract

Introduction: Depression and anxiety are highly prevalent disorders with a substantial
impact on quality of life. Limitations related to the efficacy and tolerability of conventional
pharmacological treatments have stimulated increasing interest in complementary thera-
peutic approaches, including phytotherapy. This review aims to provide an integrative
analysis of some plant species present in the spontaneous flora of Romania, correlating
their traditional use with the phytochemical, pharmacological, preclinical, and clinical
data available globally. The approach aims to highlight the therapeutic relevance of these
species in both regional and international contexts. Relevant sections: This narrative
review integrates available data on seven species commonly used in traditional medicine:
Matricaria chamomilla L., Galium odoratum L., Melissa officinalis L., Leonurus cardiaca L., Hy-
pericum perforatum L., Tilia spp., and Crataegus monogyna Jacq. This review examines their
geographical distribution, taxonomic classification, phytochemical composition, proposed
mechanisms of action, and available preclinical and clinical evidence, as well as safety
considerations and products currently available on the Romanian pharmaceutical sales.
Discussion: Current evidence suggests that Hypericum perforatum L. and Melissa officinalis L.
are supported by relatively robust clinical data regarding their efficacy in reducing anxiety
and depressive symptoms. For the remaining species, evidence is derived mainly from pre-
clinical studies or traditional use. The proposed mechanisms of action include modulation
of neurotransmitter activity, antioxidant and anti-inflammatory effects, and regulation of
the hypothalamic—pituitary—adrenal (HPA) axis. Conclusions: Phytotherapy represents a
promising approach in the management of anxiety and depressive disorders, particularly as
a complementary therapeutic option. However, the strength of evidence varies considerably
among the analyzed species, and clinical data remain limited for several of them. Future
directions: From a future perspective, advancing the clinical relevance of the analyzed
plant species requires a more coherent integration of existing pharmacological, preclinical,
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and emerging clinical data. Particular attention should be given to species for which the
current evidence remains predominantly experimental, by promoting research strategies
that facilitate the translation of mechanistic findings into clinically meaningful outcomes.

Keywords: depression; anxiety; phytotherapy; medicinal plants; antioxidant activity;
phytochemicals

1. Introduction

Depression and anxiety disorders represent major global public health concerns,
characterized by high prevalence and a profound impact on psychosocial functioning
and quality of life. According to data from the World Health Organization, depression
affects more than 280 million individuals worldwide, while anxiety disorders account for
approximately 260 million cases, highlighting the magnitude and clinical relevance of these
conditions [1].

Although global data indicate a high prevalence of anxiety and depression, available
epidemiological estimates for Romania suggest lower values. Thus, in 2019, the rate
of mental disorders was approximately 11,423 cases per 100,000 inhabitants, of which
3368 were attributed to depressive disorders and 3711 to anxiety disorders. These values
are comparable to the average recorded in Central Europe, but remain lower than those
reported globally and significantly lower than those in Western Europe [2]. More recent
studies, conducted on specific populations, however, indicate considerably higher values,
such as one study reporting that 34.0% of Romanian students at the Faculty of Medicine in
Galati presented significant clinical depressive symptoms, with a higher frequency among
females [3]. These results suggest the existence of important differences between data
reported at the population level and those observed in specific groups, possibly influenced
by socio-demographic and contextual factors.

Although conventional pharmacological treatment—primarily based on antidepres-
sants and anxiolytics such as selective serotonin reuptake inhibitors (SSRls), serotonin—
norepinephrine reuptake inhibitors (SNRIs), tricyclic antidepressants (TCAs), and monoamine
oxidase inhibitors (MAOIs)—is widely used, it is frequently associated with significant ad-
verse effects and challenges related to tolerability and treatment adherence. Commonly re-
ported side effects include gastrointestinal disturbances, tachycardia, dry mouth, orthostatic
hypotension, urinary retention, visual disturbances, insomnia, and discontinuation-related
symptoms [4,5].

These limitations have contributed to growing interest in alternative or complementary
therapeutic approaches, including phytotherapy. Herbal medicine is widely employed as a
complementary or alternative strategy for managing depressive and anxiety symptoms, as
numerous plant-based preparations—available as dietary supplements or over-the-counter
(OTC) medicinal products—are perceived to have a more favorable safety profile and to
cause fewer adverse effects compared with conventional pharmacotherapy [4,6]. This trend
is further supported by World Health Organization reports indicating that over 80% of the
population in developing countries, particularly in rural areas, relies on natural products
as a primary source of healthcare [5,7].

The use of medicinal plants in the management of anxiety—depressive symptoms is
widespread both internationally and in Romania, where numerous wild-growing species
have traditionally been employed for this purpose. However, despite this diversity, only a
limited number of species have been sufficiently investigated and supported by pharmaco-
logical or clinical evidence regarding their anxiolytic and antidepressant effects. Although
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herbal preparations are often perceived as safer than synthetic drugs, the level of scientific
evidence supporting their efficacy and safety remains variable. Preclinical studies have
demonstrated antidepressant and anxiolytic activities for many plant species, mediated
through mechanisms such as modulation of neurotransmitter pathways, anti-inflammatory
effects, regulation of the hypothalamic—pituitary-adrenal (HPA) axis, and enhancement of
neuroplasticity. However, clinical data remain insufficient across different species, reflecting
differences in study design, extract standardization, and experimental models [8,9].

In Romania, plant species commonly used in the phytotherapeutic management of
anxiety and depression include chamomile (Matricaria chamomilla L.), sweet woodruff (Gal-
ium odoratum (L.) Scop.), lemon balm (Melissa officinalis L.), motherwort (Leonurus cardiaca
L.), St. John's wort (Hypericum perforatum L.), linden (Tilia spp.), and hawthorn (Crataegus
monogyna Jacq.). These species are recognized for their rich content of bioactive compounds,
including flavonoids, phenolic acids, naphthodianthrones, phloroglucinols, and proantho-
cyanidins; alkaloids such as leonurine [10], iridoids [11], and sesquiterpenes [12]; and other
constituents with potential neuroprotective, anxiolytic, and antidepressant properties [6].

Romania’s biodiversity, characterized by a rich and relatively well-preserved sponta-
neous flora at the European level, which includes numerous native species that develop
in relatively little-altered natural habitats, represents an important resource for the identi-
fication and investigation of bioactive compounds with potential application in modern
phytotherapy. This floristic diversity provides a favorable framework for the systematic
exploration of traditionally used medicinal plants and for their evaluation in light of current
scientific evidence.

This review aims to provide an integrative analysis of plant species present in Roma-
nia’s spontaneous flora, correlating their traditional use with phytochemical, pharmacolog-
ical, preclinical, and clinical data available globally. The approach aims to highlight the
therapeutic relevance of these species in both regional and international contexts.

Although the analyzed plant species are widely distributed and used globally, this re-
view focuses on their presence in the spontaneous flora of Romania and on their traditional
use in this specific ethnopharmacological context. The aim is not to limit the relevance of
these species to the regional level but to provide a geographically anchored perspective,
integrated with the scientific evidence available internationally.

From a pharmacological point of view, these plants are of particular interest due to
their effects on the central nervous system, as they are traditionally used and scientifically
validated for their anxiolytic and antidepressant properties. Thus, Hypericum perforatum L.
contains active compounds such as hypericin and hyperforin, involved in the modulation of
neurotransmitters (especially serotonin), conferring a clinically proven antidepressant effect.
The other species, such as Melissa officinalis L. and Tilia spp., exhibit sedative and anxiolytic
effects, while Crataegus monogyna Jacq., Leonurus cardiaca L., and Matricaria chamomilla L.
contribute through calming, cardiotonic, and adaptogenic actions. The mechanisms of
action include, mainly, interactions with neurotransmitter systems (GABA, serotonin),
antioxidant and anti-inflammatory effects, and the regulation of the stress response through
the hypothalamic—pituitary—adrenocortical axis [13,14].

A relevant aspect is the use of these plants in phytotherapeutic combinations, in
which the individual effects can mutually potentiate through synergistic mechanisms.
Such phytocomplexes are considered advantageous due to their multitarget action and
relatively favorable safety profiles compared to synthetic drug therapies. Regarding the
origin of plant raw material, Romania has significant phytogeographic potential, offering
optimal conditions for harvesting these species from spontaneous flora or from controlled
cultures. However, in the context of pharmaceutical research and development, numerous
plant-based products are patented at the international level, with patents mainly targeting
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extraction methods, standardization of active compounds, and pharmaceutical formula-
tions. It is important to emphasize that patenting does not refer to the plant as a biological
entity but to technological processes and finished products. Therefore, medicinal plants
harvested in Romania can represent a valuable source of raw material, provided that the
criteria of quality, botanical authentication, and absence of contaminants are met. However,
for clinically validated therapeutic use, it is essential to integrate them into standardized
products, obtained according to pharmaceutical norms and supported by scientific studies.
In conclusion, the convergence between common pedoclimatic conditions, phytochemical
composition, and scientific validation supports the use of these plant species as phytothera-
peutic agents with anxiolytic and antidepressant effects, both in the traditional context and
in that of modern medicine.

The novelty of this study lies in the integration of regional ethnobotanical data with
modern pharmacological evidence and in the comparative analysis of selected species in
the context of Romanian biodiversity, geographical distribution, and phytotherapeutic
relevance. This approach allows for a more nuanced assessment of therapeutic potential
and contributes to a better contextualization of the role of phytotherapy in contemporary
strategies for the management of anxiety and depression disorders.

2. Materials and Methods

The present study constitutes a narrative review conducted using a classical, non-
systematic approach to the analysis of the scientific literature concerning the use of medic-
inal plants from the Romanian wild flora in the management of anxiety and depression.
The bibliographic search was performed using PubMed, Google Scholar, and Google
Patents databases.

The search strategy included combinations of the following terms: “depression,”
“anxiety,
“mechanism of action,” “Matricaria chamomilla L.,” “Galium odoratum (L.) Scop.,” “Melissa

” i ” i i "o ”

medicinal plants,” “phytochemical composition,” “adverse reactions,” “toxicity,

officinalis L.,” “Leonurus cardiaca L.,” “Hypericum perforatum L.,” “Tilia platyphyllos Scop.,”
“Tilia tomentosa Moench,” “Tilia cordata Mill.,” and “Crataegus monogyna Jacq.”

Both review articles and original research papers available in full-text format were
included, the majority of which were published within the past 15-20 years. However,
selected earlier studies considered relevant to the topic were also analyzed. The review
encompassed both preclinical and clinical studies, with particular emphasis on efficacy,
mechanisms of action, and safety profile.

3. Thematic Analysis of the Literature
3.1. Neurobiological and Clinical Foundations

Depression and anxiety disorders are among the most prevalent psychiatric conditions
worldwide, characterized by a multifactorial etiology involving genetic, neurobiological,
inflammatory, and psychosocial factors. From a clinical perspective, depressive disorder is
defined as a complex affective condition marked by persistent depressed mood and/or loss
of interest or pleasure (anhedonia), frequently accompanied by fatigue, sleep disturbances,
appetite changes, impaired concentration, suicidal ideation, and feelings of worthlessness.

According to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5-TR), these symptoms must persist for at least two weeks and result in clinically
significant distress or impairment in personal, social, or occupational functioning in order
for the diagnosis to be established [15]. Epidemiological studies estimate the lifetime
prevalence of depressive disorders to range between 13% and 20%, with a higher incidence
reported in women compared to men [5].
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For several decades, the monoaminergic hypothesis has represented the dominant
explanatory model of depression, proposing that deficiencies in serotonin, dopamine, and
norepinephrine underlie affective symptomatology. Accordingly, serotonergic deficits
have been correlated with depressed mood and irritability, dopaminergic hypofunction
with anhedonia and reduced motivation, and noradrenergic dysfunction with fatigue and
impaired concentration [16]. This framework provided the theoretical foundation for the
development of selective serotonin reuptake inhibitors and other classes of antidepressants.

However, contemporary research has increasingly highlighted the limitations of this
model. The delayed therapeutic onset of antidepressants, the substantial proportion of
non-responders, and the lack of a direct correlation between plasma monoamine levels and
clinical severity suggest that monoaminergic dysfunction alone is insufficient to account
for the complexity of depressive disorders. Consequently, the monoamine hypothesis is
currently regarded as partially valid but inadequate as a standalone explanatory model [17].

In recent years, research has focused on the imbalance between excitatory neuro-
transmission, mainly mediated by glutamate, and inhibitory neurotransmission, mediated
by y-aminobutyric acid (GABA), as a central mechanism in the pathogenesis of anxiety
and depressive disorders. This imbalance affects the functioning of neural circuits in-
volved in emotional and cognitive regulation, contributing to the appearance of affective
symptoms [18]. However, it remains debatable whether these changes represent primary
etiological factors or secondary consequences of chronic stress and hypothalamic—pituitary—
adrenocortical (HPA) axis dysfunction.

The glutamatergic system is the main excitatory neurotransmitter system in the brain
and is essential for cognitive processing. In depressed patients, neurochemical assessments
have identified elevated basal glutamate levels in serum or plasma [19]. Glutamatergic
hyperactivity, particularly through N-methyl-D-aspartate receptors (NMDARs), has been
associated with neuronal excitotoxicity and synaptic dysfunction implicated in depression.
In this context, various pharmacological agents, such as ketamine, have demonstrated rapid
antidepressant effects. However, the clinical use of ketamine is limited by adverse effects
and potential for abuse, highlighting the need to identify safer therapeutic alternatives [20].

Ketamine’s antidepressant effects are thought to be mediated by direct and indi-
rect NMDAR inhibition, disinhibition of gamma-aminobutyric acid (GABA)-mediated
interneurons, and conversion to the metabolite hydroxynorketamine (HNK). Together,
these processes increase presynaptic glutamate release, with the net effect of increasing
glutamatergic flux at the x-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid receptor
(AMPAR) relative to the NMDAR [21].

On the other hand, the GABAergic system represents the main inhibitory mechanism
of neuronal activity and is essential in maintaining the excitatory—inhibitory balance in
the brain. Approximately one third of the synapses in the central nervous system involve
GABAergic interneurons, which constitute 20-30% of neocortical neurons. These neurons
express two major classes of receptors: GABA_A and GABA_B. GABA_A receptors are
ionotropic, functioning as ligand-gated chloride channels and are predominantly located
postsynaptically, where they mediate rapid synaptic inhibition. They are major pharmaco-
logical targets for numerous psychotropic agents, including benzodiazepines, barbiturates,
and ethanol [22].

Structurally, GABA_A receptors are organized as pentameric complexes composed
of various combinations of subunits (e.g., «, 3 and v), arranged around a central pore
permeable to chloride ions. In contrast, GABA_B receptors are metabotropic, coupled to
Gi/o proteins, and are formed by a heterodimer consisting of the GABA_B1 and GABA_B2
subunits. They are located mainly at the presynaptic level, where they act as autoreceptors
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and modulate GABA release, but can also be found postsynaptically, contributing to the
regulation of neuronal excitability [23].

GABAergic neurons contribute to the termination of the stress response by inhibiting
the activity of the hypothalamic—pituitary—adrenocortical (HPA) axis. Dysfunction of this
regulatory mechanism is associated with the negative effects of chronic stress exposure.
For example, chronic stress causes a decrease in the expression of the K-CI cotransporter
(KCC2), which reduces the efficiency of inhibitory GABAergic transmission on neurons
involved in the activation of the HPA axis [24].

In addition, genetic alterations of GABA_A receptors support the direct involvement
of this system in affective disorders. Heterozygous deletion of the y2 subunit causes
decreased GABA_A receptor functionality and leads to hyperactivation of the HPA axis,
being associated with anxiety-like and depressive-like behaviors [25]. Similar results have
been reported in a2 subunit knockout mice [26].

Thus, these genetic models highlight the critical role of GABA_A receptors in emo-
tional regulation and represent useful tools for investigating the mechanisms involved in
anxiety and depression, as well as for developing new therapeutic strategies.

Hyperactivity of the HPA axis, characterized by chronically elevated cortisol secretion,
represents another frequently reported central mechanism in both depression and anxiety.
Prolonged exposure to elevated cortisol levels has been associated with hippocampal
volume reduction and impaired prefrontal cortex function [27]. However, clinical studies
indicate considerable interindividual variability in HPA axis dysregulation among patients.

In this context, the Dexamethasone Suppression Test (DST) was proposed as one of the
earliest biological biomarkers in psychiatry, with initial studies reporting high specificity
for melancholic depression. The initial enthusiasm reflected the hope of identifying an ob-
jective endocrine marker for diagnostic purposes. However, subsequent replication studies
yielded inconsistent results and revealed considerable interindividual variability, limiting
its clinical applicability and raising questions regarding the universality of hypothalamic—
pituitary—adrenal (HPA) axis dysfunction in depression [28]. More recent research suggests
that such variability may reflect the existence of distinct biological subtypes. For instance,
studies employing the Trier Social Stress Test (TSST) have demonstrated divergent cortisol
reactivity patterns depending on symptom profiles. In adolescents with major depressive
disorder, reduced anticipatory cortisol reactivity has been observed compared to low-risk
groups, and symptom dimensions appear to be differentially associated with endocrine
response dynamics; affective symptoms correlate with heightened reactivity and rapid
recovery, whereas neurovegetative symptoms are associated with hyporeactivity and de-
layed recovery [29]. These findings highlight a conceptual tension within the literature:
while some studies support HPA axis hyperactivity as a central mechanism, others indi-
cate hyporeactivity or subtype-dependent patterns. Thus, HPA axis dysfunction appears
relevant for specific depressive phenotypes but does not constitute a universal biomarker.
This biological variability limits the utility of endocrine markers as standalone diagnostic
tools and supports the need for a dimensional and biologically informed framework in
conceptualizing depression.

A growing body of evidence also implicates low-grade systemic inflammation in the
pathogenesis of affective disorders. Elevated levels of proinflammatory cytokines, such as
interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-«), may influence tryptophan
metabolism and reduce serotonin synthesis, promoting the accumulation of potentially
neurotoxic metabolites along the kynurenine pathway. Concurrently, decreased levels of
brain-derived neurotrophic factor (BDNF) have been associated with impaired neuroplastic-
ity and increased vulnerability to stress [30]. Nevertheless, the causal relationship between
inflammation and depression remains controversial, as it is unclear whether inflammation
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represents a primary etiological driver or a secondary consequence of chronic stress and
associated behavioral alterations.

Closely related to depression, both clinically and neurobiochemically, anxiety disorders
constitute another major group of psychiatric conditions with high population-level preva-
lence. Anxiety is characterized by a state of psychological and physiological hyperarousal,
associated with persistent anticipation of negative events and heightened vigilance. From
this perspective, anxiety may be conceptualized as a disorder of excessive stress-response
regulation. Anxiety disorders—including generalized anxiety disorder, panic disorder,
social anxiety disorder, and specific phobias—are among the most common psychiatric
diagnoses worldwide [31].

From a neurobiochemical standpoint, anxiety is associated with dysfunction within
neural circuits involved in fear and threat processing. Central to this is amygdala hyper-
activity, a key structure in detecting and responding to threatening stimuli, accompanied
by altered hippocampal and prefrontal cortex function—regions implicated in contextual
regulation and top—down inhibition of emotional responses [32]. Imbalance among these
structures contributes to the persistence of exaggerated anxiety reactions and impaired
emotional control.

At the neurochemical level, anxiety has been linked to reduced GABAergic neuro-
transmission, resulting in diminished inhibitory tone and increased neuronal excitability.
In parallel, serotonergic and noradrenergic systems play significant roles in the expression
of anxiety symptoms, being indirectly involved in both vegetative manifestations—such
as palpitations and sweating—and cognitive components, including excessive worry and
catastrophic anticipation [33,34].

Similar to depression, anxiety disorders are frequently associated with hyperactivity
of the hypothalamic-pituitary—adrenal (HPA) axis. Persistently elevated cortisol levels
contribute to sustained tension, agitation, and hyperarousal, thereby facilitating symptom
chronicity [35].

Clinically, anxiety disorders encompass a broad spectrum of manifestations, which
may be grouped into somatic symptoms (palpitations, tremor, dyspnea), cognitive symp-
toms (intrusive thoughts, excessive worry, impaired concentration), and behavioral mani-
festations, such as avoidance of perceived threatening situations or dependency behaviors
toward supportive individuals [36].

A central behavioral mechanism in anxiety disorders—particularly in specific phobias—
is persistent avoidance of stimuli perceived as threatening. In these conditions, fear is linked
to a specific object or situation, and symptom maintenance is commonly explained through
classical conditioning processes, whereby a negative experience becomes associated with a
particular stimulus. This association is subsequently reinforced by avoidance behaviors,
which temporarily reduce anxiety but prevent fear extinction [37].

From a neurobiological perspective, phobias are correlated with amygdala hyper-
activity and diminished prefrontal regulatory control over emotional responses, thereby
facilitating disproportionate anxiety reactions [8,32,38]. A relevant example of a specific
phobia is odontophobia (fear of dental treatment), a common condition with an estimated
prevalence of 10-20% in the general population. Odontophobia often originates from
prior experiences perceived as traumatic and the anticipation of pain in individuals with
heightened anxiety vulnerability. The clinical consequences are significant, as avoidance of
dental care leads to worsening oral pathology, amplification of anxiety, and progressive
deterioration of oral health, with potential systemic repercussions [39].

Overall, contemporary research converges on the view that neither depression nor
anxiety can be explained by a single neurobiological mechanism. Rather, these disorders
reflect complex interactions among neuroendocrine, inflammatory, and synaptic systems,
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whose clinical expression varies across individuals. The absence of a robust universal
biomarker does not represent a failure of biological research but rather underscores the
necessity of a multimodal and biologically stratified approach. In this context, therapeutic
interventions with multi-target mechanisms—including those derived from phytochem-
ical sources—may be of theoretical interest; however, their validation requires rigorous
standardization and systematic clinical confirmation.

The brain is affected by degenerative changes with age; thus, the biological aging
phase is around the age of 65-70. Even in the case of the normal aging process, the activity
of neurotransmitters (dopamine, serotonin, acetylcholine, noradrenaline, GABA, glutamate,
etc.) is reduced; these are chemicals that ensure the transmission of nerve impulses between
neurons. The etiopathogenic mechanism of phytocompounds (active plant compounds) in
the treatment of depression and anxiety aims to regulate the neurochemical, hormonal, and
inflammatory imbalances involved in these disorders. Phytocompounds act similarly to
allopathic drugs, but often through multiple mechanisms and with fewer side effects. The
etiopathogenesis of anxiety and depressive disorders is multifactorial, involving complex in-
teractions between genetic, neurobiological, psychological, and environmental factors [40].
In generalized anxiety disorder, genetic vulnerability is supported by familial aggregation
and increased concordance in monozygotic twins. Neurobiologically, hyperactivity of alert
systems, including the amygdala and frontal cortex, is evident, along with dysfunction of
neurotransmitters such as GABA and serotonin. Psychologically, intolerance of uncertainty
and negative reinforcement mechanisms maintain symptomatology, and environmental
factors modulate clinical expression [41].

Panic disorder has a significant genetic component and is associated with hypersen-
sitivity to internal stimuli (e.g., CO;) and dysfunction of the serotonergic, GABAergic,
and noradrenergic systems. The cognitive-behavioral model explains panic attacks by
the catastrophic interpretation of somatic sensations, generating a vicious circle of anx-
iety. Psychiatric and somatic comorbidities frequently occur. Specific phobias develop
through direct conditioning, observational learning, or informational transmission, while
obsessive—compulsive disorder involves genetic, immunological, and neurochemical fac-
tors, with a central role of serotonin and the involvement of dopamine in repetitive behav-
iors. Hypochondriasis is explained by psychodynamic, cognitive, and learning models.
In depression, the monoaminergic hypothesis highlights imbalances of noradrenaline,
serotonin, and dopamine, complemented by GABAergic dysfunctions, alterations in the
hypothalamic—pituitary—adrenal axis, and decreased neurotrophic factors (BDNF). Neu-
roimaging reveals cerebral hypometabolism, especially in the dorsolateral prefrontal cortex,
and right temporal hyperactivity. Structurally, ventriculomegaly and subcortical changes
are observed [42]. These disorders reflect integrated disorders of emotional and cognitive
circuits, determined by the convergence of biological and psychosocial factors. In this
context, the main etiopathogenic mechanisms addressed by phytocompounds consist of
the following:

e  Regulation of neurotransmitter systems: for example, phytocompounds in St. John's
wort modulate the level of neurotransmitters responsible for mood, such as serotonin
(5-HT), noradrenaline (NA), and dopamine, by inhibiting their reuptake or inhibiting
monoamine oxidase (MAO), thus increasing their availability in the synaptic cleft [43].

e  Action on the GABAergic system: for example, quercetin can act on GABA (gamma-
aminobutyric acid) receptors, the main inhibitory neurotransmitter in the brain, having
a calming, sedative, and anxiety-reducing effect [44].

e HPA axis reduction: certain adaptogenic phytocompounds can help regulate cor-
tisol levels (the stress hormone), reducing HPA axis hyperactivity, which is often
dysfunctional in depression and chronic anxiety [45].
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e Neuroprotective and anti-inflammatory effects: Bioactive compounds with antioxi-
dant properties can reduce chronic inflammation and oxidative stress in the brain,
factors that contribute to neurodegeneration and the appearance of depressive symp-
toms [46]—for example, chemazulene from chamomile [47]. Thus, phytocompounds
act synergistically to restore neurochemical balance and reduce physiological stress,
directly targeting the etiopathogenic mechanisms of anxiety and depression [48].

From this perspective, traditionally used medicinal plants may represent relevant
examples of multimodal interventions, given the complexity of their phytochemical com-
position and their capacity to act simultaneously on multiple biological pathways. Recent
research confirms that several traditionally employed species, such as St. John’s wort,
hawthorn, and lemon balm, exhibit therapeutic properties supported by modern phyto-
chemical and pharmacognostic investigations. The consolidation of these data provides
not only a scientific framework for validating traditional uses but also a model for the
systematic documentation of indigenous knowledge applicable to other regions.

3.2. Plants with Potential Anxiolytic and Antidepressant Effects
3.2.1. Study Region

Romania is among the European Union countries characterized by high biogeograph-
ical diversity, resulting from the overlap of several distinct natural regions, including
alpine, continental, Pannonian, Pontic, and steppe zones. This variety of geographical
units, together with the characteristics of a temperate continental climate, creates favorable
conditions for the development of a flora rich and diverse in composition. According
to data reported in the scientific literature, the spontaneous flora of Romania comprises
approximately 3829 vascular taxa and 979 non-vascular taxa, reflecting a high level of plant
biodiversity [49,50].

Beyond this overall diversity, Romania’s flora is characterized by a significant pres-
ence of medicinal and aromatic plants traditionally used in folk medicine and currently
integrated into modern phytotherapeutic practice. Phytobotanical assessments indicate the
existence of over 750 plant species with medicinal properties within the country, underscor-
ing the considerable potential of native vegetal resources for therapeutic applications and
the development of phytopharmaceutical products [50].

This narrative review focuses on seven species frequently employed in Romanian
traditional medicine for manifestations associated with anxiety and depression: chamomile
(Matricaria chamomilla L.), sweet woodruff (Galium odoratum (L.) Scop.), lemon balm (Melissa
officinalis L.), motherwort (Leonurus cardiaca L.), St. John's wort (Hypericum perforatum
L.), linden (Tilia spp.), and hawthorn (Crataegus monogyna Jacq.). Their selection was
based on the frequency of traditional use, presence in the spontaneous flora of Romania,
and availability of relevant phytochemical and pharmacological data supporting activity
on the central nervous system. However, the level of scientific evidence supporting the
anxiolytic and antidepressant effects varies considerably among species. While some,
such as Matricaria chamomilla L., Melissa officinalis L., and Hypericum perforatum L., are
supported by clinical studies [51-53], others, including Leonurus cardiaca L., Hypericum
perforatum L., Tilia tomentosa Moench., and Crataegus monogyna Jacq., rely primarily on
preclinical evidence [54-56], whereas Galium odoratum (L.) Scop [57] is mainly supported
by traditional use.

Many of the plant species identified in the Romanian wild flora are also common
throughout temperate regions of Europe [58]. In the context of the expanding “Green
Medicine” trend, this study provides data that may support the development of phytother-
apeutic products in accordance with European safety standards [59].
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The geographical distribution of medicinal plant species is the result of a complex
interaction between ecological, environmental, and historical factors, including climatic
conditions (temperature and precipitation), altitude, soil type, and habitat, as well as biotic
interactions and anthropogenic influences. In Romania, the diversity of ecosystems—from
plains to mountainous and submontane regions—generates heterogeneous environmental
conditions that shape the occurrence and abundance of species, as is well documented in
biogeographical and species distribution modeling studies [60,61].

Romania is located in Southeastern Europe and has a temperate continental climate,
characterized by relatively cold winters and warm summers. According to the Koppen-—
Geiger climate classification, the country is characterized by a humid continental climate
with warm summers and a cold semi-arid climate [62]. Climate variability is influenced
by the interaction of several regional atmospheric circulation centers (Mediterranean,
Scandinavian-Baltic and Eastern European), which contributes to the variation in ecological
conditions at the national level [63]. In this context, recent climate changes, characterized
by an increase in the frequency of thermal extremes, a reduction in snow cover, and changes
in precipitation patterns, may influence the distribution and dynamics of plant species, as
well as the functioning of ecosystems [64].

In this review, the species analyzed have a relatively wide distribution at the national
level, being identified in multiple counties, especially in plains, hills, and submontane areas
(Figure 1, Table S1 and Figure S1—Supplementary Material). However, the analysis of the
distribution map highlights an uneven distribution, with a higher density of occurrences
in the central regions of Romania, especially in the Transylvanian Colline Depression,
as well as along the Subcarpathian chain. These regions are characterized by moderate
climatic conditions (average annual temperature values ranging between 9 and 10 °C in
the submontane areas and 6 and 9 °C in the hilly areas) and by favorable soils, such as
Umbrisols, Spodosols, Cambisols, and Clay Visols. Plain regions are generally associated
with low altitudes, higher temperatures (annual average values over 11 °C), and fertile soils,
which is why they are subject to a higher degree of anthropization due to the intensification
of agricultural activities and the transformation of natural habitats. This can lead to a
reduction in the diversity and frequency of species in these areas. On the other hand, hilly
and submontane areas represent transition regions that offer habitats conducive to the
development of spontaneous flora, being characterized by moderate climatic conditions,
which explains the higher frequency of records in these areas. In mountainous regions,
temperatures are much lower (annual average values 0—4 °C), and the amount of precipita-
tion is higher (annual average values 700-1200 mm), which can limit the development of a
large number of species in these areas; this environment is specific to plants adapted to low
temperatures, a short growing season, and increased abiotic stress [65].

The Carpathian Mountains play a key role in shaping species distribution, acting
both as a geographical barrier and as a factor of ecological diversification, which can
lead to population fragmentation and regional differences in their distribution. Also, the
coexistence of several species in certain regions suggests the presence of favorable ecological
niches and may reflect areas with a tradition of medicinal plant use.

These spatial variations are particularly relevant, because environmental factors influ-
ence the biosynthesis of secondary metabolites, potentially generating regional differences
in the phytochemical composition and, implicitly, the biological activity and therapeutic
efficacy of plants [66].

The medicinal plants Matricaria chamomilla L., Galium odoratum L., Melissa officinalis L.,
Leonurus cardiaca L., Hypericum perforatum L., Tilia spp., and Crataegus monogyna Jacq. fall
within a common pedoclimatic area, specific to the temperate European zones, including
the territory of Romania. These plant species develop in relatively similar soil conditions
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(chernozems and brown-acid soils), temperatures, and humidity regimes, factors that di-
rectly influence the biosynthesis of secondary metabolites and, implicitly, the phytochemical
profile of the plants. The specialized literature highlights the fact that pedoclimatic parame-
ters determine quantitative and qualitative variations in the bioactive compounds, such as
flavonoids, phenolic acids, and volatile oils, responsible for the biological activity [13].
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Figure 1. Geographical distribution of selected medicinal plant species in Romania (by counties)
(figure created with MapChart version 5.9.0).

The distribution was estimated based on georeferenced occurrence data available in
the Global Biodiversity Information Facility (GBIF) database. Only records containing valid
geographic coordinates (hasCoordinate = TRUE), filtered for the territory of Romania, were
selected. The data were processed using the WGS84 geodetic system and aggregated at the
administrative level (county), to allow for the representation of the regional distribution of
the analyzed species.

This approach allows for an objective estimate of distribution based on available obser-
vational data and is frequently used in biogeographic and ecological studies. Compared to
other more complex geospatial or predictive modeling methods, it was preferred because
GBIF is the largest data portal from which information on biodiversity, biogeographic (map-
ping), and taxonomic data can be collected from around the world, including Romania.
The GBIF portal collects georeferenced data using custom web-scraping scripts in a batch
process [67].

Cartographic representation was performed using an administrative map of Romania
generated through the MapChart platform, with individual species differentiated by distinct
graphical symbols. The resulting map was subsequently refined and supplemented with
conventional cartographic elements using Microsoft PowerPoint 2024.
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Knowledge of regional distribution allows for the identification of optimal areas for
harvesting plants with high phytochemical potential, contributing to the standardization
of raw materials and the development of effective phytotherapeutic products under sus-
tainable exploitation conditions. Differences in distribution may also reflect intra-specific
genetic variations, which may indirectly influence the biosynthesis of bioactive compounds.

The global distribution and extensive use of these species underline their therapeutic
importance at the international level, while their inclusion in the Romanian flora provides
a relevant framework for regional ethnopharmacological interpretation.

3.2.2. Taxonomy and Botanical Description

The taxonomic characterization of the analyzed species holds not only descriptive but
also pharmacognostic relevance, as affiliation with distinct botanical families (Asteraceae,
Lamiaceae, Hypericaceae, Tiliaceae/Malvaceae, Rosaceae, Rubiaceae) correlates with differ-
ent phytochemical profiles and, consequently, with distinct pharmacological mechanisms
of action on the central nervous system. The literature indicates that both interspecific and
intraspecific variability may significantly influence chemical composition.

A taxonomic classification of the plant species investigated as potential natural reme-
dies for the management of anxiety and depression is presented in Table 1.

Table 1. Taxonomic classification of some plants from the spontaneous flora of Romania used in
depression and anxiety.

Plant Species Popular Name Genus Subfamily Family Order Subclass Ref.
Matricaria chamomilla L. Chamomile Matricaria Asteroideae Asteraceae Asterales
Galium odoratum (L.) Scop. Sweet woodruff Asperula Rubioideae Rubiaceae Gentianales Asteridae

Melissa officinalis,

Melissa officinalis L. Melissa Nepetoideae Lamiaceae Lamiales
Lemon balm
Leonurus cardiaca L. Motherwort Leonurus Lamioideae Lamiaceae Lamiales
Hypericum perforatum L. St. John’s Wort Hypericum Hypericoideae Hypericaceae Theales [68]
Tilia platyphyllos Scop. Large-leaved linden Tilia Tilioideae Tiliaceae Malvales Dileniid
Tilia tomentosa Mnch. Silver linden Tilia Tilioideae Tiliaceae Malvales rieniidae
Tilia cordata Mill. Brimstone linden Tilia Tilioideae Tiliaceae Malvales
Crataegus monogyna Jacq. Hawthorn Crataegus Maloidae Rosaceae Rosales Rosidae

The plant species analyzed in the present study belong to distinct taxonomic groups
within the angiosperms, characterized by considerable morphological and phytochemical
diversity. Morphological diversity is reflected in variations in stem type, leaf structure,
inflorescence organization, and fruit characteristics, aspects summarized in Table 2. These
botanical features are essential for the accurate identification of plant raw materials and for
preventing taxonomic misidentification or adulteration.

Beyond descriptive relevance, taxonomic and morphological differences can indirectly
influence the chemical composition, quantity, and type of secondary metabolites, which can
generate variations in the phytochemical profile and, implicitly, in the biological activity,
which explains the lack of consistency of the results reported in the latter.
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Table 2. Botanical characteristics relevant for the identification and authentication of the

analyzed species.

Species Characteristics Refs.

Stem Erect and branched, up to 80 cm

Long and narrow, bi or tripinnate sected, with narrow lines,
Leaves .
alternately arranged in number of 16-40

Grouped in pedunculated inflorescences that present
heterogamous, conical anthodes located at the end, and, on the

outside, they are surrounded by an envelope made up of

two rows of ovate and green leaflets, with white and [68,69]

Flowers membranous edges
The female, marginal flowers are white and concentrically
arranged in the early phase of flowering
The tubulous, hermaphroditic, central flowers are
golden-yellow in color

Matricaria chamomilla L.

. Slightly curved, yellowish-brown achene, with between 3 and
Fruit o T .
5 whitish longitudinal veins

Green, glossy, lanceolate or elliptical, glabrous
The lower ones are arranged in false swirls of five to seven
Leaves . . . .
leaves, while the upper leaves are arranged in swirls of eight,
narrowing at the base [70-73]

Stem Creeping

Small (4-7 mm), white, stellate, grouped in delicate
Flowers .
inflorescences, called cymes

Galium odoratum (L.) Scop.

Stem Erect, branched, and has a tetragonal cross-section, being
generally glabrous

Arranged in pairs, it has an oval petiole and limb
The edge of the leaf is crenate-toothed, with a cordate base and
Leaves a wedge-shaped upper part
Melissa officinalis L. The surface of the blade is rough and deeply ribbed, [74,75]
subglabrous, sometimes showing glandular trichomes and ’
punctiform glands on the abaxial side

It has two stamens and four lobed ovaries that form between 1
Flowers and 4 nuts and are grouped in inflorescences consisting of small
buds, with 4 to 12 flowers, white or pale pink in color, which
bloom during the summer

Bilabiate and light pink in color, grouped in large, elongated,

Flowers terminally located inflorescences
[76,77]

Leonurus cardiaca L. Stem Aerial growth from rhizomes

Leaves Lobes covered with bristles

Shortly petiolate, with a maximum length of 1 mm and of the
Leaves same color on both sides, sessile and opposite
Have an elongated, oval, or elliptical shape

[68,78,

5 yellow petals on the surface of which numerous black glands :
79

are present and are arranged in branched tops
Flowers  Five short, whole, and imbricate sepals, upper ovary, capsicular
with three styles, and many stamens arranged in bundles
of three

Hypericum perforatum L.
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Table 2. Cont.

Species Characteristics Refs.
Large (6-12 cm), covered by whitish bristles on both sides, more
Leaves .
visible on the back
. Hermaphrodites arranged in hanging crowns, and the bractis  [68,78,
Tilia platyphyllos Scop. Flowers shorter than the inflorescence 79]
Fruits Globular, up to 10 mm, with a pointed tip and five obvious ribs
Flowering In June
5-10 cm, with a dark green face and a gray back, covered with
Leaves . : . .
starry bristles, which give the leaf a silvery appearance
- Hermaphrodites, 5-10 each, arranged in drooping CILs, shorter  [48 78,
Tilia tomentosa Mnch. Flowers than the hairy bract 79]
Fruits Oval, tomentose, 5-7 mm, smooth or slightly ribbed
Flowering In July
Small (3-6 cm), with tufts of rusty bristles at the armpit of
Leaves .
the ribs
Numerous (3-16), hermaphroditic, arranged in
. ) Flowers . . [68,78,
Tilia cordata Mill. horizontal ridges 79]

Small, globular, and glabrous, with a smooth or weakly

Fruits edged surface
Flowering At the beginning of summer, in the months of June-July
Bark Grayish-brown, smooth, with superficial longitudinal cracks

Simple, thombic-ovate, with straight or toothed edges, with
Leaves deep lobes, dark green on the upper part and light green on
the underside

White or pink in color and arranged in erect corymbs, the petals
Crataegus monogyna Jacq. are round, longer than the sepals and contain a single ovary,  [4g g0]
Flowers  and each stamina is composed of 5-25 anthers. The flower buds
are protected by a greenish calyx and consist of 5 sepals, and the
corolla consists of 5 petals

An oblong pseudodrupe bearing 1-5 pyrenes resembling those
Fruits of plums; the fruits are ovoid, bright red, and fleshy, appearing
in late summer to autumn

3.2.3. Secondary Metabolites Identified in the Studied Plants

Medicinal plants have long been used in the management of depression and anxiety,
with their therapeutic effects attributed to diverse pharmacognostic groups of bioactive com-
pounds that act on multiple neurobiological targets. Species such as Matricaria chamomilla L.,
Melissa officinalis L., Hypericum perforatum L., Leonurus cardiaca L., Tilia spp., Crataegus monog-
yna Jacq., and Galium odoratum L. contain phytochemicals that modulate neurotransmission,
neuroinflammation, and neuroendocrine responses.

Flavonoids represent one of the most important classes of active compounds in these
plants. For example, apigenin from Matricaria chamomilla L. binds to benzodiazepine
sites on GABA_A receptors, producing anxiolytic and mild sedative effects. Similarly,
flavonoids from Tilia spp. and Crataegus monogyna contribute to central nervous system
(CNS) depression and antioxidant activity. These compounds also reduce neuroinflam-
mation and oxidative stress, which are increasingly recognized as contributing factors in
mood disorders [81,82].
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Phenolic acids, particularly rosmarinic acid in Melissa officinalis L., play a key role in
anxiolytic activity. This compound inhibits GABA transaminase, leading to increased GABA
levels in the brain. Additionally, Melissa officinalis L. extracts have been shown to modulate
serotonergic pathways and enhance brain-derived neurotrophic factor (BDNF) expression,
supporting neuroplasticity and resilience to stress [83]. Among the most extensively
studied herbal antidepressants, Hypericum perforatum L. contains hyperforin and hypericin,
which inhibit the reuptake of serotonin, dopamine, and noradrenaline. This mechanism
resembles that of conventional antidepressants. Furthermore, Hypericum extracts modulate
GABAergic and glutamatergic neurotransmission and may inhibit monoamine oxidase
(MAO), thereby enhancing monoamine availability. Clinical evidence supports its efficacy
in mild-to-moderate depression [81,84].

Alkaloids and iridoids present in Leonurus cardiaca L. contribute to its sedative and
cardiotonic effects. Leonurine, a major alkaloid, is associated with modulation of autonomic
function and reduction in somatic symptoms of anxiety, such as palpitations. Similarly,
Crataegus monogyna, rich in oligomeric procyanidins and flavonoids, exerts cardioprotec-
tive and vasodilatory effects, indirectly alleviating anxiety by stabilizing cardiovascular
function [81].

Coumarins, found in Galium odoratum L., exhibit mild CNS depressant activity and
contribute to the plant’s traditional use as a sedative [70]. Essential oils present in Matri-
caria chamomilla L. and Melissa officinalis L. further enhance anxiolytic effects through the
modulation of CNS excitability. Overall, these medicinal plants exert therapeutic effects
through a combination of mechanisms, including enhancement of GABAergic transmission,
inhibition of monoamine reuptake, reduction in oxidative stress, and modulation of the
hypothalamic—pituitary-adrenal (HPA) axis. This multi-target activity supports their use
as complementary treatments in anxiety and depressive disorders.

The chemical composition of the analyzed species, summarized in Table 3, is complex
and predominantly characterized by biologically active secondary metabolites, including
flavonoids, volatile oils, phenolic acids, sesquiterpene lactones, iridoids, and tannins. These
compounds are recognized for their capacity to modulate central nervous system activity,
contributing to the sedative, anxiolytic, and antidepressant effects attributed to these
plant species.

Despite the promising results, the mechanisms of action of plant-derived compounds
remain incompletely understood, and most evidence is derived from preclinical studies.
Therefore, the proposed mechanisms should be interpreted with caution.
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Table 3. Secondary metabolites and their mechanisms of action relevant to depression and anxiety identified in the studied plants.

Commonly Secondary

Plant Species Used Parts Metabolites

Chemical Nature Mechanism of Action Refs.

Stigmasterol

In vivo studies have shown that at doses of 0.5-3.0 mg/kg it can

Sterols positively modulate GABA receptors.

[6,85-87]

a-bisabolol

After intraperitoneal administration, at doses of 0.5, 1, 2, 5 and 10
mg/kg, in mice, it may exhibit CNS depressant activity, due to
interactions with GABAA at receptor subtypes that mediate the effects
of benzodiazepines.

Sesqviterpenes [6,85,86,88]

farnesol

In the Murine model, performed on rats, farnesol exhibited anxiolytic,

i il . . . .
Sesqviterpenes anti-nociceptive, and depressive effects.

[6,85,86,89]

geraniol

In mice exposed to CUMS, after 3 weeks of treatment, the following was
Monoterpenic observed: reduction in neuroinflammation, particularly by decreasing
alcohols IL-1p levels, inhibiting the NF-«B pathway, and regulating the
NLRP3 inflammasome.

[6,85,86,90]

borneol
Matricaria chamomilla L. flower

In depressed rats, GRg1/GO-PEG-BO improved stress-induced
anhedonia, despair, and anxiety and completely alleviated [6,85,86,91]
depressive symptoms.

Monoterpenic
alcohols

chemazulene

Molecular docking simulations suggest that it may interact with targets
involved in inflammation, apoptosis, and energy metabolism. Binding
affinity for IL-6, IFN-y and caspase-3 indicates a potential
Azulene anti-inflammatory and neuroprotective effect, while interaction with [6,47,85,86]
GLUT1, HK1, and LDHA suggests a possible involvement in the
regulation of cerebral energy metabolism, which is frequently impaired
in mood disorders.

esculetin

It ameliorated LPS-induced neuroinflammation by reducing brain
Coumarins levels of IL-1f3, IL-6, and TNF-«, as well as oxidative stress and plasma  [6,85,86,92]
corticosterone levels, in mice.

scopoletin

It exerts anxiolytic and antidepressant effects by reducing
neuroinflammation, mediated by inhibition of the NF-«B pathway and
activation of Sirtl, leading to a decrease in proinflammatory cytokines

and an improvement in pathological behaviors.

Coumarins [6,85,86,93]
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Table 3. Cont.

Commonly

Plant Species Used Parts

Secondary
Metabolites

Chemical Nature

Mechanism of Action

Refs.

Matricaria chamomilla L. flower

umbelliferone

Coumarins

It has demonstrated effects on the serotoninergic system by increasing
5-HT levels and reducing its degradation, evidenced by a decrease in
the 5-HIAA /5-HT ratio.

[6,85,86,94]

chlorogenic
acid

Phenolic acids

By reducing neuroinflammation and oxidative stress, as well as by
inhibiting the NLRP3 inflammasome, it exhibits antidepressant effects.
These effects are mediated by activation of the PI3K/Akt/Nrf2 pathway,

which contributes to increasing the cellular antioxidant response.

[6,85,86,95]

caffeic acid

Phenolic acids

Through epigenetic mechanisms, regulating DNA methylation, and the
expression of genes involved in neuronal function, such as BDNF and
COMT, it can exert antidepressant effects in mice. These effects are
mediated by modifying the activity of enzymes (DNA
methyltransferases and Ten-eleven translocation enzymes) and
adjusting the 5-methylcytosine /5-hydroxymethylcytosine ratio at the
level of promoter regions, contributing to the normalization of
gene expression.

[6,85,86,96]

apigenin

Flavonoids

It exerts antidepressant effects (induced by LPS) on mice, by inhibiting
neuroinflammation, mediated by suppressing NF-«B activation and
reducing iNOS and COX-2 expression, leading to a decrease in
proinflammatory cytokines.

[6,85,86,97]

luteolin

Flavonoids

By reducing neuroinflammation, improving synaptic plasticity
(evidenced by increased synapsin), and increasing serotonin and
noradrenaline levels, it exerts antidepressant effects in mice exhibiting
noise-induced depression.

[6,85,86,98]

quercetin

Flavonoids

By inhibiting neuronal apoptosis and activating the ERK/Nrf2 pathway,
it contributes to increasing antioxidant mechanisms and improving
neuronal function in mice with CUMS-induced depression.

[6,85,86,99]

rutin

Flavonoids

It increased levels of serotonin, norepinephrine, and dopamine in
cortical and hippocampal regions in rats with reserpine-induced
depression. In another study, it effectively rescued CUMS-induced
behavioral deficits by reducing depression, anxiety, and improving
cognition and locomotor and muscle coordination abilities in mice.

[6,85,86,
100,101]
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Table 3. Cont.

Commonly

Plant Species Used Parts

Secondary

Metabolites

Chemical Nature

Mechanism of Action

Refs.

Matricaria chamomilla L. flower

kaempferol

Flavonoids

It exerts significant antidepressant effects, mediated by reducing
oxidative stress and neuroinflammation, as well as by activating the
AKT/ 3-catenin signaling pathway.

[6,85,86,
102]

naringenin

Flavonoids

It produced behavioral modification in BALB/c mice with
neuroinflammation induced by olfactory bulbectomy—oxidative stress.
It also restored the levels of corticosterone in serum and antioxidant
enzymes (Catalase, SOD, GSH), nitrite, and MDA in the cerebral cortex
and hippocampus, demonstrating its anti-stress and antioxidant
properties. It significantly reduced the elevated levels of
proinflammatory cytokines (IL-1f3, IL-6, TNF-a and NF-«f3, increased
neurotrophic growth factor, as well as BDNEF, and reversed the altered
levels of tryptophan, serotonin, 5-hydroxyindole, acetic acid, and
kynurenine in the hippocampus and cortex.

[6,85,86,
103]

aerial part of
the plant

coumarin

Coumarin

Following forced swimming and tail suspension tests performed on
mice, it was observed that this compound exhibits
antidepressant effects.

[75,104—
108]

Galium odoratum (L.) Scop.
aerial part of
the plant and
rhizome

asperuloside

Iridoids

In the tests, it was observed that induced depression in rats was
improved, as evidenced by an increase in the number of entries into the
central zone, a decrease in immobility time, and an increase in
swimming time, sucrose preference, and body weight. It also activated
the Wnt3«/glycogen synthase kinase 33 (GSK-3f3)/3-catenin signaling
pathway in vivo.

[109]

monotropein

Iridoids

Significantly improves LPS-induced depression-like symptoms in mice,
possibly by inhibiting the cGAS/STING signaling pathway.

[110]

aucubin

Iridoids

Ameliorates depression by promoting intranuclear expression of the
glucocorticoid receptor (GR) and inhibiting nuclear factor kappa B
(NF-«B)-mediated inflammatory activation, thereby reducing cellular
pyroptosis, in mice with CUMS-induced depression.

[111]
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Commonly

Plant Species Used Parts

Secondary

Metabolites

Chemical Nature

Mechanism of Action

Refs.

aerial part of
the plant and
rhizome

p-coumaric
acid

Phenolic acids

It improved LPS-induced despair-related behavioral symptoms in the
FST, TST, and SST. It also prevented the increase in inflammatory
cytokines in the hippocampus (COX-2 and TNF-«) and the reduction
in BDNE.

[94]

ferulic acid

Phenolic acids

It improved CUMS-induced depressive behaviors in the sucrose
preference test and forced swim test. It increased BDNF, PSD95, and
synapsin I levels in the prefrontal cortex and hippocampus.
Neurochemical tests suggested that ferulic acid increased levels of
monoamine neurotransmitters in the hippocampus and frontal cortex of
mice. Increased levels of serotonin and norepinephrine were also
observed in the hypothalamus after higher doses of ferulic acid
treatment. Further study suggested that monoamine oxidase A
(MAO-A) activity was inhibited in the frontal cortex and hippocampus
upon treatment with 40 and 80 mg/kg ferulic acid, while MAO-B
activity did not change significantly.

[112,113]

Galium odoratum (L.) Scop.
leaf

quercitrin

Flavonoids

Levels of brain monoamines (5-HT and dopamine) and their
metabolites (5-hydroxy-3-indoleacetic acid, 3,4-dihydroxyphenylacetic

acid, and homovanillic acid) were decreased after quercitrin treatment.

These data suggest that the anxiolytic effects of quercitrin may be
mediated by the 5-HT1A receptor.

[114]

naringin

Flavonoids

In mice with CORT-induced depression, naringin treatment promoted
neuronal differentiation and maturation of NSPCs for hippocampal
neurogenesis. The forced swim test, tail suspension test, and open-field
test confirmed the antidepressant and anxiolytic effects of naringin.
Co-treatment with temozolomide, a neurogenic inhibitor, abolished
these antidepressant and anxiolytic effects. Meanwhile, naringin
treatment increased the phosphorylation of cAMP response element
binding protein (CREB) but had no effect on the expression of
brain-derived neurotrophic factor and TrkB phosphorylation in the
hippocampus of CORT-induced depressed mice. Co-treatment with the
CREB inhibitor 666-15, instead of the TrkB inhibitor Cyc-B, abolished
the neurogenesis-promoting and antidepressant effects of naringin.

[115]
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Table 3. Cont.

Commonly

Plant Species Used Parts

Secondary
Metabolites

Chemical Nature

Mechanism of Action

Refs.

hesperidin

Flavonoids

It ameliorated depressive behaviors in CUMS rats. In addition, it
decreased IL-1§3, IL-6, TNF-&, NLRP3, caspase-1, and ASC levels in PFC
and microglia.

[116]

Galium odoratum (L.) Scop.

cynaroside

Flavonoids

In vivo studies have shown that it can improve states of anxiety,
despair, and anhedonia in CUMS mice and that it can reduce microglial
activation in the hippocampus. This may suggest that cynaroside, by
inhibiting the polarization of microglial cells into the M1 phenotype
and reducing the levels of inflammation and ferroptosis, exhibits an
antidepressant effect.

[117]

essential oil
obtained from
leaves

citronellal

Monoterpenes

Behavioral analyses (open-field, hole-cross, swing, and light-dark tests)
showed that it can significantly and dose-dependently reduce
locomotor activity, that it can potentiate the anxiolytic effects induced
by diazepam, and that it can counteract the effects of flumazenil,
suggesting GABAergic modulation, with binding affinities (4.7 and
—4.0 kcal/mol) to the &2 and «3 subunits of GABAA.

[118-120]

caryophyllene

Sesqviterpenes

In adult mice, it induced improvement in all the parameters evaluated
in the plus maze test. It could also significantly increase the time spent
in the center of the arena in the open-field test, without modifying
general motor activity; it could reduce the number of buried balls and
the time spent digging in the MBT, suggesting an anti-compulsive effect.

[121]

Melissa officinalis L.

aerial part of
the plant

rosmarinic
acid

Phenolic acids

By significantly reducing immobility time in the TST in mice, by
downregulating Mkp-1, and by upregulating BDNEF, Th, and Pc in the
limbic system, it may exhibit antidepressant effects. Furthermore, in the
mouse brain, this compound significantly reduced serum corticosterone
levels and increased dopamine levels in the limbic system.

[122]

protocatechuic
acid

Phenolic acids

It significantly attenuated behavioral and neurobiochemical changes in
olfactory bulbectomized rats, such that its activity was similar to that of
an antidepressant, being mediated largely by modulation of
neurotransmitters and endocrine and immunological systems, especially
through improvements in BDNE, 5-HT, DA, and NE and reduction in
MDA, IL-6, and TNF-« in the hippocampus and cerebral cortex.

[123]
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Microglial activation, increased levels of TNF-«, and IDO1 mRNA
. expression were attenuated by ursolic and oleanolic acid administration.
S Pentacyclic ps . .
ursolic acid triterpenic acid In addition, the decreased levels of synaptophysin expression were [124]
. p increased by both acids, whereas the decreased level of PSD-95 was
Melissa officinalis L. ae:}{lal plarttof upregulated by oleanolic acid administration.
e plan
P Female mice with maternal separation-induced depression exhibited
oleanolic acid Pentacyclic stronger depression-like behaviors than males, and oleanolic acid [124]
triterpenic acid improved several depression-like behaviors, while ursolic acid only
improved anxiety-like behaviors in mice.

leaves, flower, rutin Flavonoids - [125]

stem caffeic acid Phenolic acid - [125]

ferulic acid Phenolic acids - [125]

chlorqgemc Phenolic acids - [77,126]
acid
The antidepressant activity may be attributed to its modulatory effect
Leonurus cardiaca L. L L on nor-adrenaline, dopamine, and 5-hydroxytryptamine, as
aerial part of chicoric acid Phenolic acids demonstrated by their quantification in chronically stressed mice [77,126,127]
the plant treated with chicoric acid.
Molecular docking analyses suggest that stachydrine significantly
attenuated LPS-induced upregulation of NF-«B and NLRP3, indicating

stachydrine Betaine alkaloid suppression of inflammasome-mediated neuroinflammatory pathways. [77,126,128]

These results suggest that stachydrine exerts neuroprotective and
antidepressant effects by modulating inflammatory signaling.

https://doi.org/10.3390/biomedicines14051019


https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019

22 0f 72

Table 3. Cont.

Commonly

Plant Species Used Parts

Secondary
Metabolites

Chemical Nature

Mechanism of Action

Refs.

aerial part of
the plant

Leonurus cardiaca L.

verbascoside

Phenylethanoid
glycosides

It can modulate monoamine neurotransmitter levels, inhibit
hypothalamic—pituitary—adrenal (HPA) axis hyperfunction, and
promote neuroprotection. It also promotes dopamine (DA) biosynthesis
through the expression of tyrosine hydroxylase mRNA and protein,
upregulates the expression of 5-hydroxytryptamine receptor 1B,
prominent protein, microtubule-associated protein 2 (MAP2), heme
oxygenase-1 (HO-1), SQSTM1, recombinant autophagy-associated
protein 5 (ATGS), and Beclin-1, and downregulates the expression of
caspase-3 and a-synuclein, thereby exerting antidepressant effects.

[77,126,129]

leonurine

Alkaloid

It effectively restored the levels of 5-hydroxytryptamine, noradrenaline
and dopamine in the hippocampus and prefrontal cortex of chronic
mild stress mice, accompanied by the amelioration of hippocampal

neuronal damage. It significantly inhibited the production of
proinflammatory cytokines interleukin-1f3, interleukin-6, and TNF-«
and suppressed the nuclear factor kappa B signaling pathway.

[10,77,126]

caryophyllene

Sesqviterpenes

[77,126]

leaf

x-pinene

Monoterpenes

It significantly improved behavioral outcomes, reduced corticosterone
levels, decreased MDA levels, and increased GPx activity in stressed
rats, with effects comparable to imipramine. These findings suggest

that alpha-pinene may improve behavioral performance through
antioxidant mechanisms and by modulating HPA axis activity, as
evidenced by decreased corticosterone levels.

[77,126,130]

linalool

Monoterpenes

The mechanisms through which linalool improves memory loss and
behavioral alterations in sleep-deprived mice appeared to be through
an increase in serotonin levels. Linalool significantly ameliorated the
spatial and learning memory deficits and stress activity observed in
sleep-deprived animals. Moreover, linalool led to serotonin release and
cortisol level reduction. Our findings suggest that linalool has beneficial
effects on the memory loss and behavioral alterations induced by
REM-sleep deprivation through the regulation of serotonin levels.

[77,126,131]
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Leonurus cardiaca L. leaf

limonene Monoterpenes

Limonene also reduces serum and brain nitrite levels and reduces the
expression of IL-18 and TNF-« in the hippocampus. The genome-wide
m6A assay and MeRIP-qPCR results revealed that the m6A
modifications of Akt3, Ntrk2, Braf, and Kidins220 mRNA were
significantly altered in the hippocampi of UCMS mice after stress
stimulation and were reversed by hypericin treatment.

[77,126,132]

Pentacyclic

ursolic acid : .
triterpenic acid

[126]

leaf and stem

hypericin Naphthodianthrones

Molecular pharmacology experiments showed that hypericin treatment
upregulated the expression of m6A-modifying enzymes METTL3 and
WTAP in the hippocampi of UCMS mice.

[79,133~
135]

pseudohypericin Naphthodianthrones

CREF appears to be a major factor in the regulation of
hypothalamic—pituitary—adrenal activity through the activation of CRF1
receptors. Following a study conducted on recombinant Chinese
ovarian cells stimulated with CRF, the effect of certain constituents
present in St. John’s wort on cAMP formation was measured, and it was
observed that, of all the constituents, only pseudohypericin selectively
antagonized CRF (KB 0.76 uM).

[79,134—
136]

Hypericum perforatum L.

leaf, stem,
flower

hyperforin Phlorogluninols

A randomized, double-blind, placebo-controlled study conducted on
147 patients with mild-to-moderate depression (according to DSM-1V)
evaluated the efficacy of two extracts of hypericum perforatum

differing in hyperforin content (0.5% vs. 5%), administered for 42 days.

Efficacy was assessed by the HAMD-17, D-S and CGI scales. The results
showed a significantly greater reduction in HAMD score in the group
treated with the extract containing 5% hyperforin (—10.3 £ 4.6)
compared to placebo (p = 0.004), while the extract with 0.5% hyperforin
had a similar effect to placebo.

[137]

kaempferol Flavonoids

[79,134,135]

luteolin Flavonoids

[79,134,135]
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It specifically reduced immobility time in mice exposed to chronic
myricetin Flavonoids stress, improved hlppocamp.al glutathione peroxidase (GSH—PX) [138]
activities, reduced plasma corticosterone levels, and normalized low
BDNF levels in stressed mice.
quercetin Flavonoids - [79,134,135]
rutin Flavonoids - [79,134,135]
quercitrin Flavonoids - [79,134,135]
p-cumaric acid Phenolic acids - [79,134,135]
caffeic acid Phenolic acids - [79,134,135]
ferulic acid Phenolic acids - [79,134,135]
It demonstrated significant antidepressant effects in chronic stress
models in mice, evidenced by reduced immobility time and
. leaf, stem, amelioration of anhedonia. The antidepressant effect was shown to be
Hypericum perforatum L. flower multifactorial and involved inhibition of monoamine oxidase A
C . (MAO-A), which increased the availability of monoamines (e.g.,
gentisic acid Phenolic acids serotonin, dopamine); an antioxidant effect manifested by decreasing [139]
oxidative stress (decreasing malondialdehyde and increasing catalase
and GSH concentration); an anti-inflammatory effect manifested by
reducing TNF-« and nitrites; and modulation of the HPA axis by
decreasing corticosterone levels.
Inhibits the production of pro-inflammatory mediators and ROS in
LPS-induced BV2 cells. Mechanistic studies demonstrated that shikimic
e N acid suppresses neuroinflammation by activating the AKT /Nrf2
shikimic acid Phenolic acids pathway and inhibiting the NF-kB pathway. Further in vivo studies [140]
confirmed that shikimic acid ameliorates the neurological damage and
behavioral deficits caused by LPS injection in mice.
chlorogenic Phenolic acids - [79,134,135]
acid
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In a study that targeted a murine model of CRS in mice, the effect of
isovalerianic exogenously added sodium isovalerate on mice with CRS was
) leaf, stem, acid Carboxylicic acids investigated. After feeding the mice with sodium isovalerate, an [141]
Hypericum perforatum L. flower improvement in depressive behavior and an increase in 5-HT secretion
in the brain and hypothalamus were observed.
x-pinene Monoterpenes - [79,134,135]
p- : i
caryophyllene Sesqviterpenes [142]
ferulic acid Phenolic acids - [142]
In an experimental model of LPS-induced stress in rats, this compound
improved anxious and depressive behaviors. The mechanism of action
is mainly related to its antioxidant activity, manifested by the increase
s S in antioxidant enzymes (SOD and GPx) and the reduction in lipid
vanillic acid Phenolic acids peroxidation (MDA), which leads to the reduction in oxidative stress in [143]
the brain. Thus, vanillic acid exerts a neuroprotective effect and
contributes to the restoration of the redox balance involved in the
pathogenesis of depressive and anxiety disorders.
Tilia tomentosa Mnch. flower myricetin Flavonoids - [142]
rutin Flavonoids - [142]
The main active compound of Hypericum perforatum demonstrated
antidepressant effects in models of chronic stress, significantly
improving depressive behaviors. The mechanism of action is mainly
associated with anti-inflammatory effects, by inhibiting the NLRP1
hyperoside Flavonoids inflammasome, as well as modulating the CXCL1/CXCR2/BDNF [144]
signaling pathway, which contributes to reducing neuroinflammation
and stimulating neuroplasticity. In addition, the involvement of targets
such as TNF-«, IL-2, and TLR4 suggests complex regulation of the
immune response responsible for the antidepressant effect.
kaempferol Flavonoids - [142]
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It demonstrated antidepressant and anxiolytic effects in a stress model
induced by chronic corticosterone administration, improving
depressive and anxious behaviors. The mechanism of action is mainly
associated with the modulation of the central noradrenergic system,
Tilia tomentosa Mnch. flower catechin Flavonoids evidenced by the reduction in TH expression in the locus coeruleus, [145]
suggesting a regulation of noradrenaline synthesis. In addition, it
contributed to the normalization of stress-induced HPA axis disorders,
indicating an integrated effect on the neuroendocrine response and
neurotransmission involved in depression and anxiety.
quercetin Flavonoids - [146-148]
rutin Flavonoids - [146-148]
hyperoside Flavonoids - [146-148]
quercitrin Flavonoids - [146-148]
kaempferol Flavonoids - [146-148]
Tilia platyphyllos Scop., Tilia a It has antidepressant effects demonstrated in a chronic stress model,
cordata Mill. ower where it improved depressive behaviors and reduced microglial
activation at the hippocampal level. The mechanism of action is
centered on the activation of the SIRT1 pathway, which determines the
astragalin Flavonoids inhibition of NF-kB signaling and, consequently, the deactivation of the [149]

NLRP3 inflammasome (with the reduction in caspase-1, IL-1f3, and
gasdermin D). Through these effects, astragalin reduces
neuroinflammation and pyroptosis processes, contributing to its

antidepressant effect.
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It demonstrated significant antidepressant effects in behavioral models
(FST, TST), with a dose-dependent response. Although the exact
mechanism is not fully elucidated in this study, the data suggest that its
effect is associated with the modulation of central neurotransmission,
Flavonoids most likely thr(?ugh interaction with monqaminergic systems [150]
(serotoninergic and/or noradrenergic), similar to classical
antidepressants. In addition, the observed sedative effect indicates
possible action on the central nervous system through GABAergic
mechanisms or by reducing neuronal excitability, contributing to the
overall antidepressant effect.
Sesqviterpenes

tiliroside

farnesol
. o linalool
Tilia platyphyllos Scop., Tilia

cordata Mill. flower

geraniol

- [146-148]
Monoterpenes - [146-148]
Monoterpenes -

[146-148]
It demonstrated antidepressant effects in experimental models of
LPS-induced depression, significantly reducing depressive-like
behaviors. The mechanism of action is mainly associated with the
modulation of the endocannabinoid and dopaminergic systems,
through interaction with CB1 and CB2 receptors, as well as with
Monoterpenes gopa.minergi.c D2 receptors, an aspect supporte(.i }aoth by mplecular [151]
ocking studies and by blocking effects by specific antagonists. The
absence of involvement of the adrenergic and adenosinergic systems
suggests selective action on these pathways. Overall, terpineol exerts
antidepressant effects by regulating dopaminergic neurotransmission
and endocannabinoid signaling, contributing to the improvement of the
stress response and depressive symptoms.

terpineol
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Tilia platyphyllos Scop., Tilia
cordata Mill.

flower

citral

Monoterpenes

Citral formulated in nanophytosomes demonstrated antidepressant
effects in a chronic stress model, improving depressive behaviors and
associated neurobiological changes. The mechanism of action is
complex and mainly involves reducing neuroinflammation (by
decreasing TNF-« and IL-6), combating oxidative stress (by increasing
antioxidant capacity) and restoring neuroplasticity by increasing BDNF
expression. In addition, citral contributes to the normalization of the
stress response by decreasing cortisol levels, indicating a possible
modulation of the HPA axis.

[152]

citronellal

Monoterpenes

[146-148]

eugenol

Monoterpenes

It is a bioactive compound with antidepressant and neuroprotective
effects, acting through multiple mechanisms in the central nervous
system. The mechanism of action involves the inhibition of MAO-A,
which leads to increased levels of monoamines (serotonin and
dopamine), as well as the stimulation of BDNF expression, contributing
to the improvement of neuroplasticity. In addition, eugenol exerts
antioxidant and anti-inflammatory effects and protects neurons by
reducing excessive Ca®* influx induced by B-amyloid peptides, thus
preventing neuronal death. These integrated actions support its
antidepressant and neuroprotective effects.

[153]

limonene

Monoterpenes

[146-148]

a-pinene

Monoterpenes

[146-148]

fraxetin

Coumarins

It demonstrated antidepressant and anxiolytic effects in a chronic stress
model, improving altered affective and cognitive behaviors. The
mechanism of action mainly involves modulation of the HPA axis, by
reducing elevated corticosterone levels, as well as restoring monoaminergic
neurotransmission, evidenced by increased serotonin in the cortex,
hippocampus, and striatum, increased noradrenaline in the striatum, and
normalization of dopamine in the frontal cortex. These effects suggest that
fraxetin acts by regulating the stress response and rebalancing the
neurotransmitter systems involved in depression and anxiety.

[154]
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esculetin Coumarins - [146-148]
caffeic acid Phenolic acids - [146-148]
Tilia platyphyllos S.cop., Tilia flower chlorqgenlc Phenolic acids - [146-148]
cordata Mill. acid
preowmnaric Phenolic acids - [146-148]
acid
chlorogenic S [148,155,
acid Phenolic acids - 156]
This compound demonstrated neuroprotective and antidepressant
effects in LPS-induced neuroinflammation models, ameliorating altered
affective and cognitive behaviors. The mechanism of action is mainly
associated with anti-inflammatory and antioxidant effects, by inhibiting
S S proinflammatory mediators and oxidative stress at the hippocampal
quinic acid Phenolic acids level. Specifically, quinic acid acts by modulating the MAPK/ERK [157]
signaling pathway, reducing astrocyte activation and nitrite release,
) which leads to a decrease in neuroinflammation. Thus, its effect is the
Crataegus monogyna Jacq. fruits, leaves, result of regulating glial cell activation and neuronal protection under
flowers conditions of inflammatory stress.
ferulic acid Phenolic acids - [148,155,
156]
S S [148,155,
caffeic acid phenolic acids 156]
. . Pentacyclic [148,155,
oleanolic acid triterpenic acids i 156]
ursolic acid Pentacyclic } [148,155,
triterpenic acids 156]
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Crataegus monogyna Jacq.

Commonly Secondary
Used Parts Metabolites
crataegolic
acid

Pentacyclic
triterpenic acids

It demonstrated neuroprotective effects in paraquat-induced oxidative
stress models. The mechanism of action mainly involves the inhibition
of neuronal apoptosis, by reducing ROS formation, decreasing
caspase-3 activity, and preventing Ca?* overload. In addition,
crataegolic acid modulates apoptotic proteins, by increasing the
expression of Bcl-2 (antiapoptotic) and decreasing Bax (proapoptotic).
Thus, its effect is the result of an antioxidant and antiapoptotic action,
which contributes to neuronal protection.

[158]

betulinic acid

fruits, leaves,
flowers

Pentacyclic
triterpenic acids

It exhibits neuroprotective effects by improving motor and cognitive
dysfunctions. The mechanism of action is mainly attributed to
antioxidant activity, by reducing lipid peroxidation ({ MDA) and
increasing antioxidant enzymes (1 SOD, T GPx), which limits neuronal
oxidative stress. In addition, betulinic acid contributes to increasing
neuroplasticity by stimulating BDNF and exerts an anti-inflammatory
effect (J IL-10), supporting neuronal protection. Thus, its action is based
on neutralizing free radicals, reducing inflammation and supporting
neuronal function.

[159]

[3-sitosterol

Sterols

Both intraperitoneal and oral administration to mice have been shown
to have anxiolytic effects. By injection into mice, 3-sitosterol can reduce
the effects of restraint stress, contextual fear memory, and c-Fos
activation in the prefrontal cortex and dentate gyrus.

[160]

catechin

Flavonoids

[148,155,
156]

(—)-epicatechin

Flavonoids

It exhibited antidepressant effects in a chronic stress model by reducing
anhedonia and anxious behaviors. The mechanism of action is mainly
associated with the modulation of KAT aminotransferase, an enzyme
involved in the metabolism of the kynurenine pathway. Through this

action, epicatechin contributes to the regulation of tryptophan
metabolism and the neuroactive balance between neurotoxic and
neuroprotective metabolites, promoting resilience to stress. Thus, its
antidepressant effect is linked to the optimization of the kynurenine
pathway and neurochemical homeostasis.

[161]
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. . [148,155,
rutin Flavonoids - 156]
1 . [148,155,
hesperidin Flavonoids - 156]
. . [148,155,
astragalin Flavonoids - 156]
This compound demonstrated antidepressant effects in the LPS-induced
neuroinflammation model, reducing depressive behaviors in mice. The
mechanism of action is mainly associated with anti-inflammatory
- . effects, by inhibiting the NF-«B pathway, which leads to a decrease in
procyanidin Flavonoids the expression of proinflammatory cytokines and the enzymes iNOS [162]
and COX-2 in the hippocampus, prefrontal cortex, and amygdala.
Crataegus monogyna Jacq. fruits, leaves, Through these actions, proanthocyanidin reduces neuroinflammation
flowers and contributes to the improvement of depressive symptoms.
. . [148,155,
hyperoside Flavonoids - 156]
In behavioral models, by reducing immobility time in mice, it may
exhibit antidepressant effects. The mechanism of action is mainly
associated with the modulation of monoaminergic systems, by
increasing the level of catecholamines at the synaptic level. The effect
vitexin Flavonoids involves interactions with dopaminergic receptors (D1, D2, D3) and «2 [163]

adrenergic and serotonergic 5-HT1A, an aspect supported by the
blocking of the effect in the presence of specific antagonists. Thus,
vitexin acts by potentiating dopaminergic, noradrenergic, and
serotonergic neurotransmission, contributing to its
antidepressant effect.

https://doi.org/10.3390/biomedicines14051019


https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019

320f72

Table 3. Cont.

Plant Species

Commonly
Used Parts

Secondary
Metabolites

Chemical Nature

Mechanism of Action

Refs.

Crataegus monogyna Jacq.

fruits, leaves,
flowers

orientin

Flavonoids

It demonstrated antidepressant effects in a chronic stress model,
improving depressive behaviors and associated dysfunctions in mice.
The mechanism of action mainly involves reduction in oxidative stress
by restoring redox balance at the cerebral level, associated with the

increase in monoaminergic neurotransmission (serotonin and
noradrenaline in the hippocampus and prefrontal cortex). In addition,

[164]

orientin stimulates neuroplasticity by increasing the expression of
BDNF and synaptic proteins (synaptophysin and PSD-95). Thus, the
antidepressant effect is the result of an integrated antioxidant,
neuromodulatory. and neurotrophic action.

apigenin

Flavonoids

[148,155,
156]

eriodictyol

Flavonoids

According to studies, it has antidepressant effects and improves
cognitive deficits in models of chronic stress and neuroinflammation in
rats. The mechanism of action is mainly associated with the modulation

of the TRPV1 receptor, highlighted by the synergistic effect with the

antagonist capsazepine, suggesting a functional inhibition of this

[165]

pathway involved in the stress response. In addition, its
anti-inflammatory and antioxidant properties contribute to the
reduction in neuroinflammation and oxidative stress, supporting

neuronal protection.

kaempferol

Flavonoids

[148,155,
156]

Legend: chronic unpredictable mild stress—CUMS; FST—forced swim test; TST—tail suspension test; SST—sucrose splash test; GRgl—Ginsenoside Rgl; GO-PEG-BO—novel-brain-
targeted drug delivery system based on borneol-modified PEGylated graphene oxide; LPS—lipopolysaccharide; TRPV1—transient receptor potential vanilloid 1; KAT—kynurenine
aminotransferase; ROS—reactive oxygen species; MAO-A—monoamine oxidase A; tyrosine hydroxylase—TH; CRS—chronic restraint stress; CRF—corticotropin releasing factor;

BDNF—Brain-Derived Neurotrophic Factor.
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4. Selected Plant Species

A schematic overview of the multitarget mechanisms of action of selected medicinal
plants in the modulation of depression and anxiety is shown in Figure 2.
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Crataegus monogyna Jacq.  Hypericum perforatum L.

Figure 2. Mechanistic overview of medicinal plants in depression and anxiety. Created in BioRender.
Daniela, F. (2026), https:/ /BioRender.com/5x4mxg5 (accessed on 24 April 2026).

The figure illustrates the central role of depression and anxiety pathophysiology and
highlights the main molecular pathways influenced by each species. Hypericum perfora-
tum L. primarily acts through inhibition of monoamine reuptake and TRPC6 activation
with neurotrophic effects; Melissa officinalis L. enhances GABAergic neurotransmission via
GABA-transaminase inhibition; Tilia cordata Mill. and Matricaria chamomilla L. exert anxi-
olytic effects mainly through positive modulation of GABAA_A receptors; Leonurus cardiaca
L. modulates the hypothalamic-pituitary—adrenal (HPA) axis and promotes neurotrophic
pathways; Galium odoratum (L.) Scop. acts through a multimodal mechanism involving
HPA axis regulation, GABAergic enhancement, and monoamine oxidase inhibition; and
Crataegus monogyna Jacq. contributes through antioxidant, cardioprotective, and autonomic
nervous system modulation, supporting stress reduction and improved sleep.

4.1. Matricaria chamomilla L.
4.1.1. General Description and Distribution

Matricaria chamomilla L., a medicinal plant belonging to the Asteraceae family, is often
referred to as the “star of medicinal plants” [166]. The species is also recognized under the
scientific synonyms Matricaria recutita L. and Chamomilla recutita (L.) Rauschert, and repre-
sents one of the oldest and most widely used plants for therapeutic purposes. Commonly
known as chamomile, it is also referred to as German chamomile, Roman chamomile, Hun-
garian chamomile, or English chamomile [167]. It is important to note that true chamomile
is frequently confused with certain species of the genus Anthemis, particularly Anthemis
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cotula L., a toxic plant distinguished by its unpleasant odor [69]. Matricaria chamomilla L.
is an annual herbaceous species, widely distributed in the spontaneous flora of Romania,
traditionally used for its calming, anti-inflammatory, and anxiolytic properties [68].

4.1.2. Level of Scientific Evidence

The mechanisms of action of Matricaria chamomilla L. are supported by preclinical and
clinical data indicating anxiolytic effects and benefits in stress-related disorders [86].

4.1.3. Phytochemical Composition

The plant contains, as can be seen in Table 3, a series of important bioactive compounds,
such as flavonoids, phenolic acids, coumarins, azulenes, sesquiterpenes, and monoterpenes
that contribute to its pharmacological activity [167].

4.1.4. Mechanisms of Action

The precise mechanism underlying chamomile’s anxiolytic effects has not yet been
fully elucidated. However, most studies suggest that among its flavonoid constituents,
apigenin exerts sedative and anxiolytic effects through the modulation of y-aminobutyric
acid (GABA) receptors [168]. The plant also exhibits anti-inflammatory and antioxidant
effects, helping to reduce oxidative stress involved in neuropsychiatric disorders.

4.1.5. Preclinical Data

Experimental studies have demonstrated the anxiolytic, sedative, and anti-inflammatory
effects of Matricaria chamomilla L. extracts, supporting the traditional use of the plant [86].

In a preclinical study, Ionita et al. evaluated the anxiolytic and antidepressant effects of
a hydroalcoholic chamomile extract in scopolamine-induced rat models using the elevated
plus maze and forced swim tests. The findings suggested anxiolytic and antidepressant
activity, potentially mediated through stimulation of the cholinergic system [169]. Moreover,
a therapeutic formulation based on Matricaria chamomilla L. (CH12) was administered in
bovines to reduce stress, inhibit cortisol production, and promote relaxation [170].

4.1.6. Clinical Data

Clinical studies indicate benefits in reducing symptoms associated with stress and
anxiety, as well as in improving some functional disorders. Thus, Amsterdam J.D. et al.
conducted a randomized, double-blind, placebo-controlled trial at the University of Penn-
sylvania involving 179 subjects aged > 18 years with a primary diagnosis of generalized
anxiety disorder (GAD), with or without comorbid depression. Of these, 100 participants
had GAD without depression, while 79 presented comorbid depressive symptoms. After
eight weeks of treatment, depressive severity was assessed using the Hamilton Rating Scale
for Depression (HRSD) and the Beck Depression Inventory (BDI). The results indicated that
orally administered chamomile extract demonstrated significant anxiolytic effects and, in
patients with GAD and comorbid depression, led to a significant reduction in depressive
symptoms [171].

Additional evidence suggests that chamomile tea may alleviate anxiety symptoms
in postmenopausal women [172] and may also reduce menstrual pain in women with
dysmenorrhea [173].

4.1.7. Safety, Toxicity, and Uses

Matricaria chamomilla L. is considered a safe species, frequently used in phytotherapeu-
tic products [174].

According to studies, chamomile may interact with other herbs or various medica-
tions, resulting in adverse reactions. Theoretically, a combination of medications that
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affect platelet aggregation may interfere with the clotting effect, thus increasing the risk of
bleeding. In addition, high doses of chamomile pose a teratogenic risk, affect the menstrual
cycle, and cause vomiting. Although this herb has antiallergic activity, several studies
have reported allergic reactions such as contact dermatitis and hypersensitivity, especially
in people allergic to pollen or composites. There is a possibility of reducing follicular
function and development, leading to premature birth in pregnant women when using
chamomile [85]. Although no side effects were reported in several articles, and most symp-
toms did not require specialized medical intervention, some studies conducted on pregnant
women have shown that consuming chamomile during pregnancy can lead to dangerous
outcomes, both for the mother and the newborn. [168]. Some studies suggest that regular
consumption during pregnancy may be associated with adverse perinatal outcomes, includ-
ing small-for-gestational-age (SGA) neonates and reduced birth length [175]. Chamomile
has been described as possessing oxytocic and uterine-stimulating properties, which may
theoretically increase the risk of spontaneous abortion or preterm birth and has also been
reported as a potential trigger of severe anaphylaxis, which can give rise to immediate type
I'reactions [176,177]. Allergenic proteins present in chamomile extracts may cross-react with
other Compositae species [178,179]. Potential drug interactions have also been suggested
as side effects of chamomile use; for example, coumarin derivatives in chamomile may
interfere with the blood clotting process, with aspirin, anti-inflammatory drugs, and antide-
pressants. [168]. Regarding toxicity, very few studies have been conducted. Thus, Kalantari
H. et al., using the micronucleus test in peripheral blood reticulocytes, observed that among
the products tested, the chamomile-based one presented unclear results, suggesting a
possible genotoxic risk but requiring further investigation. [174].

4.2. Galium odoratum (L.) Scop.
4.2.1. General Description and Distribution

Galium odoratum (L.) Scop. is a perennial herbaceous species, found mainly in forest
areas in Romania, traditionally used for its sedative and calming properties.

Galium odoratum (L.) Scop. belongs to the botanical genus Galium, commonly known
in Romania as “dragaica” or “sanziene,” which comprises over 38 species. Among the
most recognized species are Galium aparine L. (cleavers), Galium verum L. (lady’s bedstraw),
Galium odoratum (L.) Scop. (sweet woodruff), Galium mollugo L., Galium purpureum DC.,
Galium rubioides L., and Galium schultesii Vest [71].

Galium odoratum (L.) Scop., formerly known as Asperula odorata (L.), is a perennial
herbaceous plant native to Europe and Western Asia, widely distributed in moist, shaded
forests across regions of Russia, Africa, China, Japan, Europe, and Romania [71,107].

The leaves and flowers give a sweet, hay-like scent, particularly pronounced when
freshly cut. Coumarin is the principal compound responsible for this sweet, characteristic
scent [70,71] and is formed during the drying process from melilotoside [71-73].

4.2.2. Level of Scientific Evidence

Galium odoratum is supported primarily by phytochemical and preclinical studies,
with limited evidence of clinical effects [73,107].

4.2.3. Phytochemical Composition

The plant contains bioactive compounds such as coumarins, flavonoids, and phenolic
acids (Table 3), which contribute to the biological activity [71].
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4.2.4. Mechanisms of Action

Sedative and anxiolytic effects are associated with the presence of coumarins and
phenolic compounds, which can influence the central nervous system and the stress re-
sponse [107].

The mechanisms of action of this medicinal plant, underlying the traditional use
in affective disorders, appear to partially converge with those described for Hypericum
perforatum L. However, unlike H. perforatum L., where monoamine reuptake inhibition
represents a central mechanism, the effects of sweet woodruff on the central nervous
system are predominantly attributed to its sedative, anti-inflammatory, and neuroprotective
properties, suggesting a modulatory rather than direct synaptic antidepressant action.

Available experimental data indicate that iridoids, coumarins, and flavonoids iden-
tified in the plant influence neuroendocrine and inflammatory pathways. Iridoids and
flavonoids have been shown to modulate the hypothalamic—pituitary—adrenal (HPA) axis,
leading to reduced secretion of corticotropin-releasing hormone (CRH) and adrenocorti-
cotropic hormone (ACTH) through attenuation of stress-induced cortisol elevation—an
effect particularly relevant in the context of HPA axis dysregulation observed in depression.
Concurrently, coumarins may exert anxiolytic and antidepressant-like effects via enhance-
ment of GABAergic neurotransmission and inhibition of monoamine oxidase (MAO),
contributing to emotional stabilization and reduced neuronal hyperexcitability [180].

4.2.5. Preclinical Data

Experimental studies have revealed the antioxidant effects and anxiolytic potential
of extracts of Galium odoratum (L.) Scop. [107]. Administration of a dried extract of Galium
odoratum (L.) Scop. in mice significantly reduced locomotor activity in an open-field test,
an effect interpreted as sedative and depressant in the central nervous system, without
impairing motor coordination. This behavioral profile suggests central depressant activity
with potential secondary anxiolytic effects, although direct receptor involvement has not
been conclusively established [11]. Convergent findings have been reported in standardized
anxiety models, including the elevated plus maze and light-dark box tests, where woodruff
extracts increased time spent in non-aversive zones. However, these results should be
interpreted cautiously due to potential confounding effects related to reduced locomotor
activity [181].

Regarding antidepressant activity, more robust pathophysiological evidence derives
from studies on asperuloside, an iridoid glycoside present in Galium odoratum (L.) Scop.
In chronic unpredictable stress-induced depression models in rats, asperuloside reduced
depressive-like behaviors and improved cognitive performance. These effects were asso-
ciated with activation of the Wnt3«/GSK-3(3 / 3-catenin signaling pathway, a molecular
cascade implicated in neuroplasticity and stress adaptation. Experimental inhibition of
[-catenin abolished the antidepressant-like effects of asperuloside, supporting a causal
relationship between this pathway and the observed behavioral outcomes [182].

Additionally, recent research has demonstrated that asperuloside exerts central anti-
inflammatory effects by inhibiting nuclear factor kappa B (NF-«B) activation through
stabilization of its inhibitor IkBx via increased O-GlcNAcylation. This molecular modula-
tion was associated with reduced neuronal apoptosis in the hippocampus, a brain region
critically involved in depression pathophysiology [183]. Furthermore, Razzivina et al. re-
ported that Galium odoratum (L.) Scop. extracts possess antioxidant and immunomodulatory
properties, reflected in reduced macrophage polarization toward the pro-inflammatory
M1 phenotype. These effects were correlated with phenolic compounds such as chloro-
genic acid, flavonoids, and coumarins, which may indirectly contribute to anxiolytic and
antidepressant effects by attenuating oxidative stress and systemic inflammation [72].
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4.2.6. Clinical Data

Clinical data are limited, and further studies are needed to confirm the therapeutic
effects.

4.2.7. Safety, Toxicity and Uses

Galium odoratum (L.) Scop. is traditionally used in phytotherapy, but data on safety
and toxicity are limited, requiring caution in use.

In Bulgaria, Galium odoratum L. is included on the official list of herbaceous plants and
flowers with toxic potential. Reported adverse effects include dizziness, fatigue, headache,
vomiting, abdominal colic, convulsions, respiratory difficulty, and, in severe cases, paralysis.
The toxicity of Galium odoratum (L.) Scop. is primarily attributed to its coumarin content [57].
Historically, coumarin has been classified as a potentially toxic compound. A report
published by the U.S. Food and Drug Administration (FDA) in 1954 indicated that coumarin
induced hepatic tumors in experimental rat models [184]. Based on rodent toxicological
studies, the National Institute for Occupational Safety and Health (NIOSH) categorized
coumarin among chemical agents with carcinogenic potential. Consequently, the FDA
prohibits the intentional addition of coumarin to food products [185] and advises against
its concomitant use with medications affecting circulation or during pregnancy.

Regulatory approaches vary between countries. Although Galium odoratum (L.) Scop.
is listed as a plant with toxic effects in Bulgaria, in Germany it may be used in food products
within controlled limits [57]. Direct experimental data regarding toxicity following human
consumption of Galium odoratum (L.) Scop. remain scarce, and the presumed risk is largely
extrapolated from known coumarin toxicity profiles. The German Federal Institute for
Risk Assessment (BfR) established a tolerable daily intake (TDI) for coumarin of 0.1 mg/kg
body weight/day [186]. The European Food Safety Authority (EFSA) further indicated
that short-term intake up to three times the TDI is unlikely to pose a significant health
risk, provided that exposure does not exceed 1-2 weeks [187]. Based on these data, it has
been estimated that a 70 kg adult may safely consume approximately 7 g of fresh Galium
odoratum (L.) Scop. flowers, assuming typical coumarin concentrations [57].

4.3. Melissa officinalis L.
4.3.1. General Description and Distribution

Melissa officinalis L. is a perennial species, traditionally used for its calming and anxi-
olytic properties, being frequently found in the spontaneous and cultivated flora of Roma-
nia [68].

4.3.2. Level of Scientific Evidence

Melissa officinalis L. is supported by preclinical and clinical data indicating anxiolytic,
sedative effects and benefits on sleep and cognitive function [188,189].

4.3.3. Phytochemical Composition
The phytochemical composition of the plant includes (Table 3) bioactive compounds

such as phenolic acids, flavonoids, pentacyclic triterpenic acids, monoterpenes, and the
sesquiterpenes responsible for the pharmacological activity [190].

4.3.4. Mechanisms of Action

The anxiolytic and sedative effects of lemon balm are correlated with influencing the
central nervous system and reducing oxidative stress [191]. The plant is also associated
with improving cognitive function and reducing stress through mechanisms involving
central neurotransmitters [189,190].
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Pharmacological studies have demonstrated that Melissa officinalis L. extracts inhibit
y-aminobutyric acid transaminase (GABA-T) activity (Figure 3), thereby reducing GABA
degradation and increasing synaptic availability of this inhibitory neurotransmitter. This
mechanism supports the hypothesis that lemon balm exerts anxiolytic and sedative effects
through enhancement of GABAergic tone, functionally resembling the mechanism of action
of certain synthetic anxiolytic agents [192]. Preclinical studies have specifically implicated
rosmarinic acid in the modulation of the GABAergic system. Rosmarinic acid may inhibit
GABA-T (1), leading to increased intracellular GABA concentrations at the presynaptic level
(2). This may indirectly promote GABA accumulation within presynaptic vesicles (3) and
enhance its availability for release into the synaptic cleft (4). Once released, GABA binds to
GABA_R, receptors via passive diffusion, triggering chloride (C1™) channel opening and
neuronal hyperpolarization (5). This cascade ultimately contributes to reduced neuronal
excitability and attenuation of anxiety-related symptoms.
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Figure 3. Possible (preclinical) mechanism of action of rosmarinic acid present in extracts of the
Melissa officinalis L. plant in rat models. Created in BioRender. Daniela, F. (2026), https:/ /BioRender.
com/reds3rl (accessed on 20 April 2026).

A central role in these effects is attributed to rosmarinic acid, the principal phenolic
compound of lemon balm, recognized for its antioxidant and anti-inflammatory activity.
Rosmarinic acid may indirectly contribute to anxiolytic and antidepressant effects through
reduction in neuroinflammation and mitigation of HPA axis dysregulation, a mechanism
also relevant to the action of iridoids in Galium odoratum (L.) Scop. Although lemon balm
has not been associated with direct activation of specific ion channels such as TRPC6 (as
described for hyperforin), its anti-inflammatory and antioxidative properties suggest an
indirect influence on neuroplasticity and neuronal resilience [193].
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4.3.5. Preclinical Data

With regard to antidepressant effects, evidence derives predominantly from preclinical
studies. Animal models of depression have shown that hydroalcoholic extracts of Melissa of-
ficinalis L. reduced depressive-like behaviors in the forced swim test and tail suspension test.
These effects were associated with modulation of monoaminergic systems—particularly
serotonergic and noradrenergic pathways—as well as with attenuation of oxidative stress
in brain tissue [191].

4.3.6. Clinical Data

Clinical studies have reported beneficial effects of Melissa officinalis L. on anxiety
symptoms associated with mild cognitive impairment and Alzheimer’s disease, suggesting
a favorable impact on both cognitive and emotional domains. These effects have been
attributed to additional mechanisms, including cholinergic interactions and antioxidant
properties, further supporting the hypothesis of a multifaceted neuroprotective profile [194].

With regard to sleep disturbances, significant improvements were reported in a double-
blind, placebo-controlled clinical trial involving 80 patients who received 3 g/day of Melissa
officinalis L. capsules for eight weeks. In addition to improved sleep quality, reductions
in anxiety and depressive symptoms were also observed [188]. Similarly, in menopausal
women, administration of 500 mg/day of Melissa officinalis L. for eight weeks in a random-
ized, double-blind, placebo-controlled study resulted in significant improvement in sleep
disturbances [195].

The anxiolytic efficacy of Melissa officinalis L. is supported by several controlled clin-
ical studies. Kennedy D.O. et al. demonstrated that administration of Melissa officinalis
L. extract to healthy volunteers reduced stress-induced anxiety and improved subjec-
tive calmness, alongside favorable changes in cognitive performance, suggesting a direct
central effect [196]. Similar findings were reported in a randomized, double-blind, placebo-
controlled trial in which lemon balm significantly reduced anxiety levels and psychological
tension under experimentally induced acute stress conditions [189].

4.3.7. Safety, Toxicity, and Uses

A clinical study reported adverse reactions, including vomiting, dizziness, respiratory
wheezing, agitation, abdominal pain, and nausea following administration of Melissa of-
ficinalis L. extract at a dose of 60 drops/day. However, statistical analysis did not reveal
significant differences between the treatment and placebo groups regarding the frequency
of these effects. Other adverse reactions described in the literature include appetite stimu-
lation, headache, alterations in electroencephalographic activity at high doses (1200 mg),
reduced alertness at 900 mg, increased intraocular pressure, palpitations, and potential
modulation of thyroid hormone secretion [75]. Topical application has been associated
with local reactions such as erythema, contact dermatitis, burning sensation, paresthesia,
residual hyperpigmentation, and skin irritation. In this context, caution is warranted
when administering Melissa officinalis L. products at high doses or over prolonged periods,
pending more robust chronic toxicity and dose-response data [75].

In vitro toxicological studies provide additional insight. Essential oil of Melissa offici-
nalis L. was found to be safe for human epithelial type 2 (HEp-2) cells at concentrations
below 100 mg/mL but became cytotoxic at higher concentrations, as evidenced by in-
creased trypan blue uptake indicating cell death. Similarly, Mahita et al. demonstrated
a dose-dependent effect of lemon balm essential oil on neuronal cells. Low concentra-
tions (<0.001 mg/mL) exerted modest neuroprotective effects (~10% increase in viability),
whereas higher concentrations (>0.01 mg/mL) induced neurotoxicity (=20% reduction
in viability), potentially associated with GABA 4 receptor inhibition [197]. In vivo studies
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have shown that after oral administration to rats, lemon balm essential oil did not pro-
duce toxicity, if used in doses of 300 and 2000 mg/kg [198], nor in Swiss albino rats at
doses of 2000 mg/kg [199]. Extracts of Melissa officinalis L., including an ethanolic extract
administered in doses of 250 and 500 mg/kg, and an aqueous extract administered at
100 mg/kg, in mice, for 2 weeks, did not produce genotoxic or mutagenic effects [200].
Clinical studies consider Melissa officinalis L. to be safe and well tolerated by the body, both
in cases of oral and topical administration, presenting a minimal risk of side effects or
serious adverse reactions, even in significant doses or in combination with other plants.
Thus, Shakeri A. et al. claims that dried lemon balm powder standardized in rosmarinic
acid was well tolerated by the body after oral administration for 8 weeks, being rapidly
absorbed (CMax in the blood reached after approximately one hour) [75]. Rosmarinic acid
has been detected in serum using coulometric detection coupled with high-performance
liquid chromatography [201]. Nevertheless, some findings raise concerns regarding chronic
toxicity. A study in rats demonstrated that oral administration of hydroalcoholic extract of
Melissa officinalis L. at 600 mg/kg for 30 days induced significant hepatic and renal lesions,
accompanied by unfavorable alterations in serum biochemical parameters [202]. Regarding
essential oil toxicity, the reported LDsg in mice is approximately 2.57 g/kg. However, oral
doses exceeding 1 g/kg or prolonged administration have been associated with adverse
effects on organ structure and function, particularly in the liver and kidneys [203].

4.4. Leonurus cardiaca L.
4.4.1. General Description and Distribution

Leonurus cardiaca L. (motherwort) is a perennial herbaceous species, widespread in the
spontaneous flora of Romania, traditionally recognized for its sedative, hypotensive, and
cardiotonic effects.

4.4.2. Level of Scientific Evidence

Leonurus cardiaca L. is mainly supported by preclinical data and phytochemical studies,
with limited clinical evidence of anxiolytic effects [125,126].

4.4.3. Phytochemical Composition

The plant contains bioactive compounds such as flavonoids, phenolic acids, alkaloids
(leonurines), sesquiterpenes, monoterpenes, and pentacyclic triterpenic acids (Table 3) that
contribute to its pharmacological activity [126].

4.4.4. Mechanisms of Action

The effects of Leonurus cardiaca L. are associated with actions on the central nervous
system, including sedative and anxiolytic effects, as well as modulation of the cardio-
vascular system [204]. Bioactive compounds can also influence the stress response and
neurovegetative balance.

Leonurine is widely regarded as the principal bioactive compound of Leonurus car-
diaca L. and is considered largely responsible for its anxiolytic and antidepressant-like
effects. In vitro studies using PC12 neuronal cells exposed to corticosterone to induce
a depression-like state demonstrated that leonurine exerted a concentration-dependent
protective effect (10, 20, 40, 60, 80, and 100 uM, for 24 h, with maximal pro-survival activity
observed at 60 tM). As can be seen in Figure 4, exposure to corticosterone was associated
with increased SGK1 expression, accompanied by neuronal morphological alterations and
neurite atrophy. Treatment with leonurine (LEO) appeared to increase glucocorticoid re-
ceptor (GR) expression while attenuating SGK1 levels. This regulatory effect was further
associated with the upregulation of neurotrophic factors, including BDNF and NT-3, which
may contribute to improved neuronal viability and enhanced neurite outgrowth. Overall,
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these findings suggest that LEO may modulate glucocorticoid-related signaling pathways
under in vitro conditions [205].

Cell Survival T Neurite Growth

Figure 4. Proposed in vitro mechanism of leonurine (LEO) in corticosterone-exposed neuronal cells.
Created in BioRender. Daniela, F. (2026), https:/ /BioRender.com/uy7b560 (accessed on 20 April
2026). Legend: SGK1—serum and glucocorticoid regulated kinase 1; GR—glucocorticoid receptor;
LEO—Ieonurine; BDNF—Brain-Derived Neurotrophic Factor; NT-3—Neurotrophin-3.

4.4.5. Preclinical Data

Pharmacological investigations suggest that the anxiolytic effects of Leonurus cardiaca L.
may be mediated through modulation of the GABAergic system. Extracts of the plant have
been shown to inhibit the binding of the radioligand [(})H]-SR95 531, which specifically
targets the GABA binding site of the GABA_A receptor. This inhibitory effect increased
in a concentration-dependent manner and was attributed primarily to leonurine, which
demonstrated an ICsp of 15 pug/mL, compared to an ICsy of 21 ug/mL for the crude
extract [126].
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Further receptor-binding studies conducted in rats using Leonurus cardiaca L. and
Leonurus japonicus L. extracts demonstrated direct action at the GABA binding site, with
significantly weaker interaction at the benzodiazepine site, suggesting selective modulation
of the GABAergic system [206].

4.4.6. Clinical Data

Clinical data are limited, but traditional use and presence in phytotherapeutic products
suggest therapeutic potential in anxiety and cardiovascular disorders.

In a clinical study involving 50 patients with stage 1 and 2 arterial hypertension
accompanied by anxiety and sleep disturbances, administration of 1200 mg/day of Leonurus
cardiaca L. essential oil for 28 days resulted in improvement of psycho-emotional status
and reduction in blood pressure values. According to the Clinical Global Impression (CGI)
scale, anxiety and depressive symptoms improved markedly in 32% of patients, moderately
in 48%, and slightly in 8%, while 12% showed no therapeutic response [207].

4.4.7. Safety, Toxicity, and Uses

Leonurus cardiaca L. is frequently used in food supplements and phytotherapeutic
products with sedative and anxiolytic effects, having a favorable safety profile under
correct use conditions.

The use of Leonurus cardiaca L. preparations is generally well tolerated at therapeutic
doses; however, the literature reports several clinically relevant adverse effects. One of
the most important concerns is an increased risk of bleeding, attributed to the plant’s an-
tiplatelet activity. Leonurus cardiaca L. has been associated with “bleeding abnormalities,” a
particularly important consideration in the perioperative setting [208]. Reviews addressing
herb-drug interactions further indicate the potential for potentiation of anticoagulant ther-
apy, especially warfarin, thereby increasing the risk of hemorrhagic complications [126,209].

At the gastrointestinal level, mild digestive disturbances such as diarrhea and gastric
irritation have been reported, particularly with higher doses or concentrated extracts.
Although Leonurus cardiaca L. is not classified as a strong sedative, excessive sedation has
been described when administered concomitantly with benzodiazepines or other central
nervous system depressants, likely due to synergistic effects [210,211]. Cutaneous adverse
reactions, including contact dermatitis and photosensitization, have also been reported,
especially following direct contact with fresh leaves or crude extracts [212].

Wellington E.O. et al. reported that oral administration of aqueous extract of Leonurus
cardiaca L., at doses up to 500 mg/kg, for a period of 21 days, to albino Wistar rats, was not
associated with mortality or with the appearance of histopathological lesions in vital organs.
Moreover, histological examinations revealed the maintenance of structural integrity, as well
as a possible improvement in tissue architecture in the liver, kidney, and heart. However,
statistically significant changes were recorded in some hematological parameters (RBC, Hb,
MCYV, WBC), plasma electrolyte balance, and liver enzyme activity (ALT, AST, ALP). These
variations indicate systemic biological effects induced by the extract, without suggesting,
however, clear manifestations of toxicity under the experimental conditions used [213].

4.5. Hypericum perforatum L.
4.5.1. General Description and Distribution

Hypericum perforatum L. (St. John’s wort) is a perennial, glabrous, erect plant, typically
woody at the base. Its leaves contain numerous translucent secretory glands that appear as
perforations when viewed against light, a characteristic that explains the species epithet
“perforatum” [68,78,79].
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Hypericum perforatum L. is one of the most studied medicinal plants, being widespread
in the spontaneous flora of Romania and traditionally used for its antidepressant and
anxiolytic properties [148].

4.5.2. Level of Scientific Evidence

Hypericum perforatum L. is supported by numerous preclinical and clinical studies,
being one of the best documented species used in the treatment of depression [214,215].

4.5.3. Phytochemical Composition

The plant contains important bioactive compounds from various classes—
naphthodianthrones (hypericin and pseudohypericin), phlorogluninols (hyperforin),
flavonoids, phenolic acids, and other compounds responsible for the pharmacological
effects [134,135]. Although numerous clinical studies have attributed the antidepressant
efficacy of H. perforatum L. primarily to hyperforin content [216], other constituents—
including hypericin, pseudohypericin, flavonoids, and oligomeric procyanidins—may also
contribute directly or indirectly to the pharmacological activity overall [214].

4.5.4. Mechanisms of Action

The antidepressant effects of Hypericum perforatum L. are mainly associated with the
inhibition of monoamine reuptake (serotonin, dopamine, and noradrenaline), a mechanism
that contributes to improving mood [214].

The plant also influences neurotransmitter systems and neuroplasticity processes
involved in the pathogenesis of depression [215]. According to Nathan PJ., the mecha-
nism of action of Hypericum perforatum L. in depression and anxiety involves inhibition
of monoamine reuptake, including serotonin, dopamine, and norepinephrine, as well
as modulation of amino acid neurotransmitters such as GABA and glutamate. Unlike
classical monoamine reuptake inhibitors, St. John’s wort appears to exert this effect in a
non-competitive manner, a mechanism attributed to increased intracellular sodium (Na*)
concentrations. At the receptor level, prolonged administration of Hypericum preparations
has been associated with downregulation of 31-adrenergic receptors and upregulation of
postsynaptic 5-HT1 A and 5-HT); receptors [214].

Recent evidence from Otero M.C. highlights that the molecular mechanisms underly-
ing hyperforin’s antidepressant effects are not yet fully elucidated. Some studies suggest
that hyperforin activates transient receptor potential canonical 6 (TRPC6) channels, which
are expressed in the hippocampus and other cortical regions [215]. Experimental TRPC6
deficiency in mice according to Hamdaoui E.Y. et al., has been shown to induce anxiety-
and depression-like behaviors, accompanied by reduced excitability of CA1 hippocampal
pyramidal neurons [217]. These findings support the hypothesis that hyperforin-mediated
TRPC6 activation may partially replicate brain-derived neurotrophic factor (BDNF)-like
effects, given that BDNF regulates both the function and expression of TRPC6 channels.

Moreover, a specific binding region for hyperforin has been identified within the C-
terminal segment of TRPC6; mutations at this site abolish channel responsiveness to hyper-
forin. Notably, hyperforin does not activate closely related TRPC family members, such as
TRPC3 or TRPC?, indicating a relatively high degree of selectivity for TRPC6 [215,217,218].

A proposed mechanistic model (Figure 5) suggests that hyperforin may indirectly
inhibit monoamine reuptake through TRPC6 activation. Opening of these ion channels
increases intracellular Na* concentration, thereby reducing the sodium gradient across the
synaptic membrane. As monoamine transporters rely on this gradient for neurotransmitter
reuptake, diminished gradient strength impairs their ability to transport monoamines
from the synaptic cleft back into the presynaptic neuron, leading to increased synaptic
availability [219,220].
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Figure 5. Mechanism of action of hyperforin in depression, performed on type Human Embryonic
Kidney 293 (HEK293) and rat pheochromocytoma (PC12) cell lines. Created in BioRender. Daniela, F.
(2026), https:/ /BioRender.com/pzl5gd7 (accessed on 20 April 2026). Legend: TRPC6—Canonical
Transient Receptor Potential 6 Channel.

Clinical evidence supporting efficacy is relatively robust; however, the risk of drug-
herb interactions is significant and well documented. Clinical recommendations should
therefore include explicit warnings regarding cytochrome P450 (CYP) enzyme induction,
particularly CYP3A4, as well as potential effects on oral contraceptives and other critical
medications, including immunosuppressants, anticoagulants, antiretrovirals, and certain
psychotropic agents. Longitudinal studies and comprehensive pharmacovigilance as-
sessments are warranted to further delineate the long-term safety profile and interaction
spectrum of Hypericum perforatum L. in routine clinical use.

4.5.5. Preclinical Data

In an experimental study conducted on mice, the effects of Hypericum perforatum L.
extract were investigated in a model of anxiety and depression induced by chronic corti-
costerone administration over a period of 7 weeks. The results of the study showed that
chronic corticosterone treatment induced anxious/depressive behavior, associated with
decreased proliferation of progenitor cells and reduced dendritic spine density. Adminis-
tration of Hypericum perforatum L. at doses of 30 mg/kg for 3 weeks reversed these effects,
normalizing behavior and preventing the decrease in hippocampal neurogenesis, as well
as the loss of synaptic connectivity.

These effects suggest that the mechanism of action of St. John’s wort is not only
neurochemical but also neurotrophic and neuroplastic, involving the stimulation of neu-
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rogenesis in the hippocampus and the restoration of dendritic structure. Through these
morphological adaptations, Hypericum perforatum L. contributes to increasing neuronal
resilience to chronic stress, explaining its antidepressant and anxiolytic effects observed
experimentally [221].

4.5.6. Clinical Data

In a randomized clinical trial of Hypericum perforatum L. with 80 postmenopausal
women (45-60 years old) equally divided into two groups—a treatment group and a
placebo group—only 70 of them completed the 8-week intervention. The participants
received between 270 and 330 pg of St. John’s wort extract three times a day. The patients’
condition was assessed using the modified Kupperman index for menopausal symptoms
(including hot flashes), applied at regular intervals throughout the study, and the severity of
depression was measured using the Hamilton Depression Rating Scale at baseline and at the
end. The results showed a significant reduction in the frequency and intensity of hot flashes,
the menopause score, and depression in the treatment group; 80% of the participants were
free of depression at the end of treatment, compared to 5.7% in the placebo group [222].

A prospective observational study evaluated the efficacy of a tincture prepared from
the fresh plant of Hypericum perforatum L. in patients with mild-to-moderate depression,
compared with patients included in randomized controlled trials with high-dose dried
extracts. The study included 52 patients, of whom 51 were evaluated (1 dropout) and
42 who completed the full 6-week evaluation. The results showed a reduction in the
HAM-D 17 score by 49-52%, comparable to that reported in randomized clinical trials for
standardized extracts (45-59%), and the percentage of responders was 50-57%. In addition,
the treatment showed very good tolerability, with only 4% adverse reactions, significantly
lower compared to 20-39% in the reference studies [223].

4.5.7. Safety, Toxicity, and Uses

Hypericum perforatum L. is one of the most extensively studied medicinal plants; how-
ever, it is also among the herbal products most frequently associated with adverse reactions
and clinically significant drug interactions [224]. A commonly reported adverse effect
is photosensitization, manifested by erythema, pruritus, and cutaneous reactions upon
exposure to ultraviolet radiation. This effect is primarily attributed to hypericin and has
been consistently described in clinical studies and pharmacological reviews [209,225,226].
Gastrointestinal disturbances such as nausea, abdominal discomfort, constipation, and
diarrhea are also reported. These reactions are generally mild and self-limiting, as observed
in clinical trials evaluating St John’s wort in mild-to-moderate depression [227]. Central-
nervous-system-related adverse effects include dizziness, headache, fatigue, and agitation.
In patients with bipolar disorder, Hypericum perforatum L. has been associated with the
induction of manic or hypomanic episodes, a clinically relevant concern documented in
the psychiatric literature [225]. One of the most important safety considerations relates to
drug-herb interactions. Hypericum perforatum L. is a potent inducer of cytochrome P450
enzymes—particularly CYP3A4—as well as P-glycoprotein (P-gp). This induction can
significantly reduce plasma concentrations and therapeutic efficacy of numerous medica-
tions, including oral contraceptives, anticoagulants, antiretrovirals, immunosuppressants
(e.g., cyclosporine), antiepileptics, and certain chemotherapeutic agents [209,228]. These
interactions are considered clinically significant and may result in therapeutic failure.

Acute toxicity has been evaluated in experimental models using dried extracts from
Hyperici herba and Hyperici flos, derived from both wild and cultivated sources. A
toxicological assessment was conducted according to OECD Guideline TG 423 (Acute Toxic
Class Method). The results indicated a low acute toxicity profile. Extracts of Hyperici
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herba (wild and cultivated) and Hyperici flos from wild sources were classified in toxicity
class 5, with LDs5g values > 5000 mg/kg. The cultivated Hyperici flos extract was also
classified in toxicity class 5, with an LDsg of approximately 2500 mg/kg. Both intragastric
and intraperitoneal administration resulted in very few animal deaths, and microscopic
examination did not reveal pathological alterations in internal organs [229].

Nevertheless, concerns have been raised regarding use during pregnancy and lactation.
Experimental studies in rats exposed to Hypericum perforatum L. extracts during lactation
revealed hepatic lesions (vacuolization, lobular fibrosis, and disorganization of hepatic
arrays) and renal alterations (reduced glomerular size, disappearance of Bowman's space,
and tubular hyaline degeneration) [230].

4.6. Tilia platyphyllos Scop., Tilia tomentosa Mnch., Tilia cordata Mill.
4.6.1. General Description and Distribution

Species of the genus Tilia (Tilia cordata Mill., Tilia platyphyllos Scop., Tilia tomentosa
Mnch.) are widespread in Romania, especially in hilly and forest areas, being traditionally
used for their sedative and calming properties.

Tilia cordata Mill. has long been used in traditional medicine as a non-narcotic sedative
for sleep disturbances and anxiety, largely attributed to the presence of flavonoids such
as tiliroside. According to the European Pharmacopoeia, Tiliae flos (linden flower) is
recognized as a medicinal plant material of therapeutic importance. It is derived from Tilia
platyphyllos Scop., Tilia cordata Mill., and their natural hybrid Tilia x vulgaris [146]. Despite
its longstanding use, reports regarding the chemical composition and bioactivity of Tiliae
flos remain limited [231].

Per the European Pharmacopoeia (8th edition), Tiliae flos consists of a complete in-
florescence with an attached bract. Its defining organoleptic characteristics include an
aromatic odor and a sweet taste due to mucilage content [232]. Notably, the phytochemical
composition of biologically active compounds in Tiliae flos derived from Tilia tomentosa or
other Tilia species may differ significantly from the standardized pharmacopeial material,
potentially influencing therapeutic activity [146]. Silver linden is less well documented
phytochemically, and this is not included in the official “Tiliae flos” monograph. Although
the European Medicines Agency (EMA) in 2011, through the Committee on Herbal Medic-
inal Products (HMPC), considered its inclusion in the European regulatory framework,
insufficient evidence of traditional use across EU member states prevented its incorporation
into the community monograph [233].

4.6.2. Level of Scientific Evidence

Species in the genus Tilia are mainly supported by traditional use and preclinical data,
with limited clinical evidence of anxiolytic effects [233].

4.6.3. Phytochemical Composition

Linden flowers contain flavonoids, phenolic acids, coumarins, monoterpenes, and
sesquiterpenes (Table 3) responsible for the pharmacological effects [232]. Toker et al.
reported that quercetin, kaempferol, tiliroside, and astragalin—identified in Tilia species—
are known to exert sedative and neuroprotective effects and may contribute to anxiolytic
activity through enhancement of GABAergic transmission and reduction in neuronal
excitability [234].

4.6.4. Mechanisms of Action

The sedative and anxiolytic effects of Tilia species are associated with action on the
central nervous system and reduction in neuronal excitability, contributing to the induction
of relaxation and stress relief [233].
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4.6.5. Preclinical Data

Recent preclinical studies support the anxiolytic and sedative potential of species
within the genus Tilia through centrally mediated mechanisms [235]. Allio et al. further
investigated the effects of Tilia tomentosa Moench bud extracts on GABAergic synapses
using voltage-clamp recordings and micro-electrode arrays (MEA) in primary hippocam-
pal neuron cultures. The study demonstrated that direct postsynaptic application of bud
extracts activated a chloride current resembling that induced by GABA, which was pre-
dominantly inhibited by the GABA 4 antagonists bicuculline and picrotoxin. Additionally,
evidence suggested that bud extracts may interact with both GABA receptors and ben-
zodiazepine (BDZ) binding sites. MEA analyses revealed that low extract concentrations
reduced neuronal excitability and increased network synchronization, thereby enhancing
inhibitory transmission in mature hippocampal neurons [236]. An EMA report published
in 2015 indicated that aqueous extracts from Tilia cordata Mill. flowers exhibited in vitro
immunostimulatory effects, as evidenced by stimulation of lymphocyte proliferation at
a concentration of 20 pg/mL. This response was comparable to that induced by specific
ligands of the peripheral benzodiazepine receptor, suggesting a possible modulatory effect
at this receptor site. Additionally, significant central nervous system sedative effects [237]
were observed in mice following inhalation of essential oil obtained from Tilia spp. flowers,
further supporting the plant’s traditional calming use [238]. Turrini et al. conducted a 21-
day in vivo experimental study demonstrating that extracts obtained from the buds of Tilia
tomentosa Moench reduced anxiety-like behavior in C57BL mice. The observed effects were
age- and sex-dependent and were attributed primarily to the plant’s phytochemical profile,
rich in phenolic compounds—particularly flavonoids such as quercetin, isoquercetin, rutin,
kaempferol, and apigenin derivatives—as well as phenolic acids [56].

4.6.6. Clinical Data

Clinical data are limited, with use mainly supported by tradition and phytotherapeutic
monographs [233].

4.6.7. Safety, Toxicity, and Uses

Tilia species are considered safe, being frequently used in phytotherapeutic products
and dietary supplements with sedative and anxiolytic effects. Preparations derived from
Tiliae species (flowers, bracts, and buds—used in gemmotherapy) are generally regarded
as safe; however, the literature reports several potential adverse effects, primarily related to
central nervous system and cardiovascular activity. The most frequently described adverse
effect is mild-to-moderate sedation, manifested by drowsiness and reduced alertness. This
effect is attributed to the presence of flavonoids and other anxiolytic compounds and is
consistently mentioned in pharmacological reviews of the genus Tilia [233,239]. When
co-administered with other sedative agents or central nervous system depressants (e.g.,
benzodiazepines, hypnotics), Tilia preparations may potentiate sedative effects, warranting
caution in combined therapy [239].

At the cardiovascular level, mild decreases in blood pressure and transient palpita-
tions have been reported, particularly in sensitive individuals or following higher doses.
These effects are thought to be related to the vasodilatory and spasmolytic properties
of the plant. Occasional mild allergic reactions, including skin rash and pruritus, have
also been described, especially in individuals with hypersensitivity to plants within the
Malvaceae/Tiliaceae family [239].

With regard to toxicity, most official assessments and phytotherapy reviews consider
Tiliae species to have a favorable safety profile, largely due to the absence of strong evidence
indicating systemic toxicity in healthy individuals [233]. Potential health risks are more
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likely to arise from contamination with heavy metals [240] or from individual allergic
reactions. Ferreira T. et al. demonstrated that oral administration of Tilia platyphyllos
Scop. extract (4.5 mg/10 mL) for 33 days in HPV16 transgenic mice was safe and well
tolerated under the experimental conditions, with no significant toxicological alterations
observed [241]

4.7. Crataegus monogyna Jacq.
4.7.1. General Description and Distribution

Crataegus monogyna Jacq. is a widespread species in the spontaneous flora of Romania,
traditionally used for its cardiotonic and sedative effects. Hawthorn (Crataegus monogyna
Jacq.) is widely recognized for its beneficial effects on human health, particularly within
the cardiovascular system, and represents a rich source of bioflavonoids with pronounced
antioxidant activity. Although Crataegus monogyna Jacq. is traditionally regarded as one
of the most valuable herbal remedies for cardiovascular disorders, emerging evidence
suggests that it may also have therapeutic potential in anxiety-related conditions [80].

4.7.2. Level of Scientific Evidence

Crataegus monogyna Jacq. is supported by phytochemical and pharmacological studies,
as well as some clinical data on effects on the cardiovascular system and anxiety [156,242].

4.7.3. Phytochemical Composition

The plant contains (according to Table 3) numerous flavonoids, phenolic acids, penta-
cyclic terpenic acids, and sterols that contribute to its pharmacological effects [156].

4.7.4. Mechanisms of Action

The pharmacological effects of Crataegus monogyna Jacq. are associated with anti-
oxidant, cardioprotective actions and modulation of the autonomic nervous system, con-
tributing to reduction in stress and anxiety [242].

4.7.5. Preclinical Data

Preclinical studies have shown that extracts obtained from the pulp and seeds of
Crataegus monogyna Jacq., administered to mice at doses ranging from 1 to 1000 mg/kg,
produced significant, dose-dependent reductions in locomotor activity and exploratory
behavior in activity cage tests. These findings suggest potential utility in the management of
stress, nervousness, and sleep disturbances [243]. In another experimental study, hawthorn
extract reduced anxiety-like behavior induced in dark-light box paradigms at doses of
100 and 200 mg/kg [243]. Another species, Crataegus laevigata (Poir.) DC. (syn. Crataegus
oxyacantha), has also been investigated for its anxiolytic potential, particularly in fixed
combinations with Eschscholzia californica Cham. [80].

4.7.6. Clinical Data

Clinical evidence remains limited but suggestive. In a double-blind, placebo-controlled
study, Abbasi et al. demonstrated that fruit extract of Crataegus monogyna Jacq. could be
used as adjunctive therapy for blood pressure control and sleep quality improvement
in patients with hypertension and concomitant sleep disturbances. After eight weeks of
treatment, the intervention group showed significant reductions in systolic and diastolic
blood pressure compared to placebo. Furthermore, Pittsburgh Sleep Quality Index scores
revealed a significant decrease in sleep disturbance severity in the hawthorn-treated group
(p = 0.001) [244]. In a randomized, placebo-controlled clinical trial involving 264 patients
with mild-to-moderate anxiety (DSM-III-R criteria), Hanus et al. reported that the fixed
combination of these two plant extracts resulted in a statistically significant clinical im-
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provement compared with placebo. Reductions in total Hamilton Anxiety Rating Scale
scores and subjective anxiety assessments were significant, supporting a genuine anxiolytic
effect beyond placebo [242].

4.7.7. Safety, Toxicity, and Uses

When administered at therapeutic doses, hawthorn preparations are generally associ-
ated with mild adverse effects. Reported reactions include sweating, headache, mild skin
eruptions, palpitations, drowsiness, agitation, and minor gastrointestinal disturbances [245].
In a large observational study including 5577 patients receiving standardized hawthorn ex-
tracts at doses ranging from 160 to 1800 mg for periods between 3 and 24 weeks, 166 patients
reported adverse effects of mild-to-moderate intensity. The most frequently documented
events were dizziness (1 = 5), gastrointestinal disturbances (n = 24), headache (n = 9), mi-
graine (1 = 8), and palpitations (1 = 11) [246]. The reported median lethal dose (LDs() values
indicate that the hydroalcoholic extract obtained from hawthorn leaves and fruits has an
oral toxicity of 18.5 mL/kg in mice and 33.8 mL/kg in rats. Also, for the fractions with
high flavonoid content administered intravenously, the LDsy was estimated to be 1.56 g/kg
in mice. Regarding the proanthocyanidin fraction, LDs values of 130 mg/kg were deter-
mined for intraperitoneal administration and 300 mg/kg for subcutaneous administration
in mice [156]. When combined with medications used in cardiovascular conditions, it can
potentiate or diminish the effects of treatments used in hypertension, angina pectoris, heart
failure, and heart rhythm disorders. It can also interact with beta-blockers and cardiac
glycosides due to the cardiotonic and hypotensive properties that this plant possesses [156].

Several limitations should be considered when interpreting the available evidence.
Although such issues are common in medicinal plant research, they manifest differently
depending on the species. For instance, while Hypericum perforatum L. is supported by
well-documented clinical data, other species such as Galium odoratum (L.) Scop. and
Leonurus cardiaca L. rely predominantly on preclinical evidence. In addition, variability
in phytochemical composition, extraction methods, and plant material may influence the
reproducibility of results, particularly for species such as Crataegus monogyna Jacq. and Tilia
spp- Therefore, future research should focus on standardized extracts and well-designed
clinical trials targeting specific plant species rather than general assumptions.

The available adverse reactions and toxicity data are summarized in Table 4, separating
central and peripheral toxicities. This presentation highlights that the safety profile differs
significantly between the species analyzed, ranging from predominantly mild and poorly
documented adverse reactions to more well-documented drug interactions and systemic
toxic effects.

Table 4. Central and peripheral/systemic toxicity profiles of selected medicinal plants used in anxiety
and depression.

Plant Central Toxicity Peripheral/Systemic Toxicity Toxicity Observations Refs.
Increased risk of bleeding through
interference with coagulation;
potential teratogenicity; disruption
. Vomiting, immediate of the menstrual cycle; reduction Toxicity is insufficiently
Matricaria 2 . . . - . . -
chamomilla L hypersensitivity reactions, in follicular function and investigated; possible [85,174-179]
’ severe anaphylaxis. development; risk of premature genotoxic risk.

birth; possible oxytocic and
abortifacient effect; contact
dermatitis and allergic reactions.

Galium odoratum
(L.) Scop.

Dizziness, fatigue, headaches,
seizures, paralysis.

Human toxicity is poorly
documented; the risk is [57,75,184—
mostly correlated with 186,197-203,247]
coumarin content.

Vomiting, colic, respiratory
difficulties; potentially hepatotoxic
and possibly carcinogenic.
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Table 4. Cont.
Plant Central Toxicity Peripheral/Systemic Toxicity Toxicity Observations Refs.
Vomiting, wheezing, abdominal

pain, nausea, appetite stimulation,

mc.rea?ed m'traocular pressure, Generally considered safe
- - palpitations, influence on thyroid

Dizziness, agitation, headache, h ion: with ical and well tolerated, but

. L decreased alertness, EEG ormone secretion; with topica high doses and prolonged

Melissa officinalis L. ’ use: erythema, contact dermatitis,

changes at high doses,
dose-dependent neurotoxicity

burning sensation, paresthesia,
residual hyperpigmentation,
irritation; with high
doses/prolonged administration:
liver and kidney damage.

administration can induce
liver, kidney, and
neuronal toxicity.

Leonurus cardiaca L.

Excessive sedation when
combined with benzodiazepines
or other CNS depressants.

Increased risk of bleeding due to
antiplatelet effect;
uterotonic/emmenagogue activity
with risk of uterine bleeding,
diarrhea and gastric irritation;
contact dermatitis
and photosensitivity.

Well tolerated at
therapeutic doses; low
oral toxicity in
animal studies.

[126,204,208-213]

Hypericum
perforatum L.

Dizziness, headache, fatigue,
agitation, may induce manic
episodes in susceptible patients.

Photosensitivity, erythema,
pruritus, skin reactions to UV;
nausea, abdominal discomfort,

constipation, diarrhea; liver and
kidney damage.

One of the best-studied
plants regarding adverse
reactions and drug
interactions; low acute
toxicity profile.

[209,224-228,230]

Tilia platyphyllos
Scop., Tilia tomentosa
Mnch.,

Tilia cordata Mill.

Mild-to-moderate sedation,
drowsiness, decreased alertness,
possible sedative potentiation
when combined with
CNS depressants.

Mild drops in blood pressure,
transient palpitations; mild allergic
reactions, skin rash, itching.

Generally considered safe;
solid evidence of systemic

toxicity in healthy [233,239-241,248]

individuals is lacking.

Crataegus monogyna
Jacq.

Drowsiness, agitation, headache,
dizziness, migraine.

Sweating, rash, palpitations, mild
gastrointestinal upset.

In therapeutic doses, it
generally produces mild
side effects; caution is
required in patients
undergoing
cardiovascular treatment.

[156,245,246]

The pharmacokinetics and drug—plant interactions for the studied plants are briefly
presented in Table 5.

The drug-herb interactions reported vary considerably depending on the species,
from well-documented mechanisms to only theoretical effects. Hypericum perforatum L. has
the highest potential for interaction, acting as a major enzyme inducer (CYP450 and P-gp),
which can reduce the efficacy of essential drugs (e.g., cyclosporine, digoxin, oral contracep-
tives) and increase the risk of serotonin syndrome in combination with SSRIs. In contrast,
for Matricaria chamomilla L. and Melissa officinalis L., interactions are less documented,
being considered additive effects accompanied by sedation or possible interference with
anticoagulants, requiring clinical caution. For Leonurus cardiaca L., Tilia spp., and Crataegus
monogyna Jaq., interactions are predominantly pharmacodynamic (antihypertensives or
digoxin), but the level of evidence is limited, and recommendations are based mainly on
caution. In the case of Galium odoratum L., the lack of clinical data makes interactions only
theoretical, being mainly associated with the presence of coumarins. Overall, these results
highlight the need for a differentiated risk assessment, from strict avoidance of associations
(in the case of St. John’s wort) to monitoring or caution in use for the other species.
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Table 5. Pharmacokinetic profile, herb—drug interactions, and clinical implications of selected medici-

nal plants used in anxiety and depression.

Pharmacokinetics

Plant (Available Data) Drug-Plant Interactions Clinical Implications Reference
Stong nducrCypsag, Rl plma cneaons ol Clnially nar
Hypericum perforatum L. CYP2C9, CYP2C19, yeosp , ugoxtm, . ons; req [249]
CYP2B6 and P-gp contraceptives, antiretrovirals; risk of avoidance or
serotonin syndrome with SSRIs close monitoring
Limited data; possible Isolated cases of interaction with Weak evidence; caution
Matricaria chamomilla L. CYP3A4 inhibition warfarin; possible additive with anticoagulants [250]
(in vitro) sedative effect and sedatives

‘ - Insufficient data; possible Possible additive effect with sedatives Interactlons.not clinically

Melissa officinalis L. effect on the and CNS depressants confirmed; [251]
GABAergic system P caution recommended
. Possible additive effect with sedatives, - .
. Pharmacokinetic . . . Insufficient evidence;
Leonurus cardiaca L. antihypertensives; possible effect . . [252]
data absent . clinical caution
on coagulation
Tilia cordata Mill./T. No relevant No interactions reported; possible Safe traditional use; [233]
platyphyllos Scop. pharmacokinetic data additive sedative effect caution with sedatives -

e .. Possible GABAergic effect — Lack of clinical data; use

Tilia tomentosa Moench Very limited data theoretical interactions with sedatives with caution [56]
Limited data; does not Possible pharmacodynamic Recommended

Crataegus monogyna Jacq. significantly alter interactions with monitoring in [253]

digoxin pharmacokinetics digoxin, antihypertensives cardiovascular therapies
Galium odoratum (L.) Scop. Missing data No clinical evidence; contains Insuff1c1§nt ev1d<?nce; [254]

theoretical caution

coumarin — theoretical potential

5. Pharmaceutical Products, Patents, OTC Preparations, and Widely
Available Dietary Supplements Containing the Selected Plant Species

In recent years, growing interest in the use of medicinal plants for the management of

depression and anxiety has been reflected not only in the expanding scientific literature but
also in the increasing number of patents focused on the development of functional products,
nutraceuticals, dietary supplements, and herbal medicinal products. A detailed analysis of
these patents provides valuable insight into current innovation trends, preferred extract
combinations, proposed therapeutic applications, and formulation strategies, thereby
illustrating the transition from basic research to practical and commercial implementation.

Taking these considerations into account, Table 6 presents selected patents based on
the medicinal plants discussed in this review, either used individually or combined with
other botanical extracts or bioactive compounds.

The selection of patents was made based on their relevance for the targeted indications,
namely the reduction in symptoms associated with anxiety, stress, insomnia, and cognitive
disorders. Different types of formulations and products, registered in various geographical
regions (United States, China, South Korea, Russia, and Europe), were included to reflect
the diversity and global interest in the valorization of these species.
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Table 6. Patents on selected herbs used in the treatment of depression and anxiety.
Plant Species The Manufactured In Combination w ith Othe.r Plant Extracts Country Year Patent Number Medicinal Uses Ref.
Product or Active Ingredients
. . treatment of insomnia, sleep disorders, circadian -
Dietary supplement lemon balm, passio flower 2019 US10369182B2 thythm disorders, anxiety and stress management [255]
Dietary supplement ashwggandha root, hops flower, 2019 US10517322B1 supporting sleep and relax.atlon, reducing stress [256]
passionflower, lemon balm leaf and anxiety
Matricaria chamomilla L. - . . us
passionflower, lemon balm, jujube, catnip,
Persian silk tree, hemerocallis fulva var. sleep promoter. anxiolvtic, regulates
Dietary supplement sempervirens, st. john’s wort, bacopa 2020 US2020/0138783 Al PP ! yue reg [257]
T — sleep-wake cycle
monnieri, luobuma, reishi mushroom, kava,
ashwagandha, skullcap
Non.—alcoholhlc panax ginseng, linden, citrus, crataegus, EU 199 EP0501591B1 calming, soothl.ng, tonic and gentle [258]
functional drink oats, lavender energizing effect
hops cone extract, lavender flower extract, supporting sleep, inducing nervous relaxation,
Dietary supplement Passionflower extract, skullcap; deodorized us 2011 USO07914826B2 PP g sieep, 1 ) . ! [259]
. . reducing minor pain
Melissa officinalis L. valerian root and willow bark extract
supporting cognitive function, improving memory,
vitamins, minerals, amino acids, enzvmes increasing concentration, supporting learning,
Food supplement T s Cnzymes, us 2013 US2013 0034530A1 maintaining mental clarity, emotional and [260]
probiotics, plant extracts . e .
behavioral stability, supporting nervous
system health
Food composition Mentha arvensis L. KR 2020 KR102506064B1 prevention and treatment of cognitive dysfunctions [261]
reduction in nervous tension, states of increased
Both a medicine and a nervous excitability, neuroses, insomnia, states of
biologically active single RU 2015 RU2589507C1 restlessness and irritability, functional disorders of [262]
food supplement the nervous system, cardiovascular manifestations
of nervous origin
sedative and anxiolytic, reducing nervousness and
Leonurus cardiaca L. Drug valerian and hawthorn RU 2015 RU2563190C2 irritability, improving sleep, improving functional =, ;)
disorders of the central nervous system, supporting
functional cardiovascular disorders
prophylaxis and treatment of psycho-emotional
disorders, anxiety, restlessness, irritability, panic
Drug valerian, hawthorn, mint, peppermint RU 2020 RU2737701C1 attacks, insomnia, functional disorders of the [264]

essential oil

nervous system, hyperthyroidism accompanied by
tachycardia, states of increased nervous excitement
and palpitations
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Table 6. Cont.
Plant Species The Manufactured In Combination g ith Othe.r Plant Extracts Country Year Patent Number Medicinal Uses Ref.
Product or Active Ingredients
reducing mental stress, calming the nervous
Food supplement chlorella (powder), splruhna, Humulus KR 2024 KR102651346B1 system, improving §leep (fglhng asleep faster + [265]
lupulus L., Matricaria chamomilla L. sleeping longer), increasing melatonin and
serotonin levels, decreasing cortisol levels
hyperforin (standardized extract,
Pharmaceutical hypericin-free), kavapyrone (from Piper mild—-moderate depression, recurrent depression,
Hypericum perforatum L. I, methysticum G.Forst.), linalool and linalyl EU 2018 EP3111930B1 persistent affective disorders, bipolar disorders [266]
composition PP, .
acetate (from Lavandula angustifolia Mill.), (as adjuvant)
S-adenosyl-L-methionine
Food supplement 5—methyltetrahyfi rofolic acid, vitamin B12, us 2006 US7014865B1 Preventing and treating mild-moderate depression [267]
betaine anhydrous
Food supplement ashwagandha, pass1onﬂower, US 2015 US2015 0320814A1 reducmg anxiety, rehev1r.1g depress1on,. improving [268]
skullcap, chamomile sleep, inducing relaxation and reducing stress
Nelumbo nucifera Gaertn., Lonicera japonica
Thunb., Lavandula angustifolia Mill.,
F%Sgrunggls JZZ‘E Kznjh];o;i’ sLlll'ngz lzg)fr?l;) Insomnia, difficulty falling asleep, shallow /restless
Medicinal floral tea T PIILS JUjitb var. Spros & CN 2015 CN104886311A sleep, nervous agitation, mental stress, emotional [269]
Hu ex H.E.Chow, Albizia julibrissin Durazz., tension. mental fatieue
Lycium barbarum L., Bambusa vulgaris Schrad. ! &
ex J.C.Wendl., Cinnamomum cassia (L.) ].Presl,
Glycyrrhiza uralensis Fisch.
Tilia platyphyllos Scop., Food supplement . S o ) induces relaxation, facilitating falling asleep,
Tilia tomentosa Minch., (syrup) Melissa officinalis L., Matricaria recutita L. FR 2017 FR3040628A1 improving sleep quality (children and adults) [270]
Tilia cordata Mill. - -
stress reduction, calming the nervous system,
Herbal tea Mentha x piperita, Leonurus cardiaca L., reducing nervous excitability, difficulty falling
® Calendula officinalis L., Humulus lupulus L., RU 2011 RU2435453C1 asleep, restless sleep, mild insomnia, supporting [271]
(ORIGITEA®) . . ; L L
Coriandrum sativum L., Avena sativa L. the functioning of organs and systems, eliminating
toxins, improving general condition
) S . . improving sleep quality, facilitating falling asleep,
Food supplement (jelly) Valeriana officinalis L., Citrus x aurantium L., - 2025 WQO2025137727A1 reducing stress, calming the nervous system, [272]

Passiflora incarnata L.

reducing agitation before bedtime
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Table 6. Cont.

Plant Species

The Manufactured
Product

In Combination with Other Plant Extracts
or Active Ingredients

Country

Year

Patent Number

Medicinal Uses

Ref.

Crataegus monogyna Jacq.

Food supplement

Polygonatum sibiricum F.Delaroche, Lycium
barbarum L., Lilium spp., Rubus chingii Hu,
Coix lacryma-jobi L., Dioscorea opposita L.,
Platycodon grandiflorus (Jacq.) A.DC., Ziziphus
jujuba var. spinosa (Bunge) Hu ex H.E.Chow,
Citrus reticulata Blanco, Morus alba L., Lonicera
japonica Thunb., Taraxacum mongolicum
Hand.-Mazz., Nelumbo nucifera Gaertn.,
Cassia obtusifolia L., Cinnamomum cassia Nees
ex Blume, Zingiber officinale Roscoe

CN

2018

CN108926702A

reduces chronic fatigue and stress, improves sleep

quality and mental state, supports digestion,
increases immunity, combats irritability
and anxiety

[273]

Drug

Bupleurum chinense French., Citrus x
aurantium L., Aucklandia lappa DC., Citrus
reticulata Blanco, Pinellia ternata (Thunb.)

Makino, Taraxacum mongolicum Hand.-Mazz.,
Areca catechu L., Paederia foetida L., Codonopsis
pilosula (Franch.) Nannf., Corydalis yanhusuo
(Y.H.Chou & Chun C.Hsu) W.T.Wang ex
Z.Y.Su & C.Y.Wu

CN

2025

CN120078853A

Treating depression

[274]
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Although this review focuses on species from the spontaneous flora of Romania, many
of these plants are widely distributed in other regions of the world due to similar pedo-
climatic conditions. Currently, there are not enough patents developed at the national
level strictly focused on the use of these species for anxiety and depression. Therefore,
we reviewed some examples of relevant international patents to highlight the practical
applicability of these species and the way in which they are currently studied and used.
It is important to emphasize that the existence of a patent does not automatically im-
ply clinical validation of efficacy. However, patent activity clearly reflects the growing
commercial and scientific interest in harnessing the therapeutic potential of medicinal
plants and highlights emerging formulation strategies in phytotherapeutic approaches to
neuropsychiatric disorders.

As shown in Table 6, no patents were identified involving Galium odoratum (L.) Scop.
for anxiolytic or antidepressant indications. However, a detailed patent analysis revealed
its inclusion in various electronic aerosol-generating devices intended for the controlled
inhalation of nicotine or other substances. In these patents, sweet woodruff is mentioned
as a potential aromatic botanical ingredient, alongside numerous other plant species [275],
primarily to enhance the flavor and aroma of tobacco substitutes [276]. Additionally, in oral
formulations containing psychoactive mushroom-derived compounds, Galium odoratum
(L.) Scop. is incorporated to modify sensory perception, improve taste and aroma, and
increase treatment compliance [277].

With regard to Melissa officinalis L., a Chinese patent describes its inclusion as a
pharmacologically active component in tablet formulations intended for the prevention and
treatment of diseases associated with angiogenesis and matrix metalloproteinase (MMP)
activity, with potential applications in obesity, cancer, and chronic inflammation [278]. In
South Korea, in 2022, extracts obtained from lemon balm leaves, together with rosmarinic
acid, were included as active ingredients in cosmetic patents. These components are
reported to increase the expression of the sodium-hydrogen exchanger 1 (NHE1), a factor
involved in the regulation of skin pH, thereby contributing to the maintenance of a mildly
acidic cutaneous environment [279]. Furthermore, ongoing research increasingly explores
the relationship between phytotherapy and the gut-brain axis, an area of growing global
interest, offering potential non-pharmacological strategies for conditions such as chronic
stress, anxiety, and depression.

Given the continuously growing interest in complementary therapies, particularly in
the management of anxiety and depression, phytotherapeutic preparations and dietary
supplements play an important role in current clinical practice. A wide range of plant-based
products is available on the Romanian market, commonly used as adjuvant therapies in
mild-to-moderate affective disorders.

In this context, Table 7 presents the main phytotherapeutic preparations and some over-
the-counter (OTC) products sold in pharmacies in Romania, highlighting the composition,
mode of administration, and declared therapeutic activity. The inclusion of these data
aims to correlate the scientific information presented in the review with existing practical
applications, providing an image of the current level of valorization of these species at the
national level.
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Table 7. Herbal preparations available as OTC or dietary supplements used in depression and anxiety, available on the Romanian market.

Trade Name

Manufacturer and Product
Code/Marketing
Authorization Holder

Product Type

Active Substances

Mode of Administration

Therapeutic Activity

Bellflower, ginseng

Pro Natura [6420488003418]

Food supplement

St. John's wort aerial parts powder, white
ginseng root powder

2-3 capsules/day

anxiolytic, sedative

Bellflower

Bronson [716563111984]

Food supplement

Bellflower extract

1 capsule x 2/day

improving mood and increasing
energy levels

Bellflower

Hypericum [6422572000808]

Food supplement

100% natural St. John's wort extract

adults: 1-2 capsules x 3/day
children < 8 years: 3 capsules/day

anxiolytic, mild antidepressant

Distonoplant Forte N171

Fares [5941141014752]

Food supplement

Galium odoratum (L.) Scop., Rhodiola rosea L.,
Withaniae somniferae radix, Convolvulus
prostrates Forssk., Passiflorae herba, Lippiae
citriodorae aetheroleum, Aurantii amari
folii aetheroleum

1-2 capsules x 2 times/day

Anxiolytic antidepressant

Emocalm

Dacia Plant [6421930322743]

Food supplement

Melissa officinalis L., Hypericum perforatum L.,
Lavandula augustifolia Mill., Valeriana
officinalis L.

adults and young people over 15 years:
1 drops x 3-5/day
children between 5 and 15 years:
1 drops x 3/day

optimal relaxation, supporting mental
and physical relaxation, supporting calm
in case of irritability, maintaining
emotional balance

St. John's wort
and magnesium

DVR Pharm [6426070646384]

Food supplement

Hypericum perforatum L.,
marine magnesium, natural extract from
seawater with 55% pure magnesium

1-2 capsules x 2/day

sleep disorders (difficulty falling asleep,
frequent nighttime awakenings, restless
sleep) anxiety, anxiety—depressive
syndrome panic attacks

Emocalm with EPA
from algae

Dacia Plant [6421930323627]

Food supplement

Algae extract (Omega 3 + EPA + DHA),
Crataegus monogyna Jacq,, Leonurus cardiaca
L., Capsella bursa-pastoris Medik, Terminalia

arjuna (Roxb. exDC.) Wight & Arn.,
Lavandula angustifolia Mill essential oil

adolescents over 12 years: 1 tablet/day
adults: 1 tablet x 2/day

nervous tension, restlessness, irritability,
fluctuating emotional states,
prolonged stress

Emocalm with valerian

Dacia Plant [6421930300284]

Food supplement

Lemon balm, St. John’s wort,
lavender, valerian,
orange essential oil

adults and young people over 15 years:
1 tablet/day
children between 5 and 15 years:
1/2 tablet per day

harmonization of psycho-emotional state,
support of optimal calm and relaxation

Standardized St. John's

General Nutrition

Standardized St. John’s wort extract

calming, antidepressant and relaxing on

wort extract 300 mg oigig;i;;lg; 4 Food supplement (0.3% hypericin) 1 capsule x 3/day the nervous system
Griffonia simplicifolia (Vahl ex DC.) Baill., R
ginseng root, St. John’s wort, passionflower,  children 10-16 years: 1 capsule x 2/day adaPtogen, nerve tonic, stlmulates
ANTISTRES Fares Food supplement marjoram, lavender essential oil, Lippiae children over 16 years and adults: attention and concentration, induces a
5941141006429 ! ¢ ’ state of calm and relaxation, improves

citriodorae aetheroleum, Melissae aetheroleum,
Citri bergami aetheroleum

1 capsule x 3/day

sleep quality
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Table 7. Cont.

Trade Name

Manufacturer and Product
Code/Marketing
Authorization Holder

Product Type

Active Substances

Mode of Administration

Therapeutic Activity

adjuvant in depression, anxiety,

Motherwort Favisan [6421830005739] Food supplement Leonurus cardiaca L. 1 capsule x 3/day tachycardia, cramps, dysmenorrhea,
menopause, epilepsy, hypertension
nervousness, stress, hot flashes, calming
Motherwort with Favisan Food supplement Leonurus cardiaca L., hawthorn, Viscum 1 capsule x 3/da suffocation in asthma, in all conditions in
mistletoe and 6421830002493 PP album L. P y which the organs are driven by
an excitation
. . Zdrovit Magnesium, hawthorn extract, Leonurus calming, relaxing, maintaining
Maxi Mag Cardio 5906204017750 Food supplement cardiaca extract and B6 vitamin 1 tablet/day mental health
Leonurus cardiaca L., Marine magnesium
Q Tensio with hawthorn Kotvs naturally extracted from seawater, Crataegus antistress, sedative, anxiolytic,
and motherwort 642 6831(})700738 Food supplement oxyacantha Walter, Olea europaea L., Arctium 1 capsule x 3/day maintaining blood pressure within
lappa L., Equisetum arvense L, Valeriana optimal parameters
officinalis L.
Lind Pro Natura Food \ ¢ Fl ¢ Tilia cordata Mill 1 le x 3/d sedative, antispasmodic, reducing anxiety
inden 6420488008451 ood supplemen ower from I i capsule ay and stress
Remotiv EWOPHARMA, SPOL. S.RO. OTC Hyperici herba adults over 18 years: 1 tablet x 2/day mild depressive disorders

W70048001
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As highlighted in Table 7, the analyzed products are classified either as dietary supple-
ments or over-the-counter (OTC) medicines and are generally considered safe, as they tend
to produce fewer adverse effects compared with conventional pharmacotherapy, particu-
larly tricyclic antidepressants (TCAs), which are associated with anticholinergic symptoms,
sexual dysfunction, insomnia, and withdrawal-related complications [4]. The presented
data indicate that most preparations contain plant extracts with anxiolytic and sedative
potential, such as Hypericum perforatum L., Melissa officinalis L., and Leonurus cardiaca L.
These extracts are frequently combined with minerals (especially magnesium), omega-3
fatty acids, or other compounds with adaptogenic potential to support stress resilience and
emotional balance.

However, classification as a dietary supplement entails a regulatory framework distinct
from that applied to OTC medicinal products, particularly regarding requirements for stan-
dardization, demonstration of clinical efficacy, and rigorous evaluation of the risk-benefit
profile. In contrast, products classified as OTC medicines—such as certain Hypericum perfo-
ratum L.-based preparations—are subject to stricter quality control criteria, extract standard-
ization, and documentation of traditional or clinical use in mild-to-moderate depression.

It is important to emphasize that the existence of a patent or a commercially available
product does not automatically equate to proven clinical efficacy or long-term safety.
Independent quality assessments and post-marketing surveillance studies are warranted to
verify compliance with declared specifications and to further characterize the safety profile
for consumers.

6. Study Limitations

The present work is a narrative review and, as such, presents methodological limita-
tions inherent to this type of analysis. The study selection did not follow a standardized
systematic protocol (e.g., PRISMA), which may introduce selection bias and the potential
omission of relevant studies. Furthermore, a formal risk-of-bias assessment (e.g., RoB
tools for clinical or preclinical studies) was not performed; therefore, it was not possible
to stratify the strength of the conclusions according to the methodological quality of the
included studies.

The synthesized data vary in terms of study design (in vitro experiments, animal
models, small-scale clinical trials), plant material characteristics (species, plant part used,
extraction methods), and investigated endpoints. This variability limits the direct com-
parability of results and precludes the formulation of quantitative conclusions or the
performance of a meta-analysis.

For most of the analyzed species, evidence regarding anxiolytic and antidepressant
effects derives predominantly from preclinical studies, whereas clinical trials remain limited,
often characterized by small sample sizes and short follow-up periods. Additionally,
pharmacokinetic and pharmacodynamic data, as well as longitudinal safety evaluations,
were not systematically included.

A major limitation is the variability in phytochemical composition, particularly in
species such as Crataegus monogyna Jacq. and Tilia spp., where differences in extraction
methods and plant parts may influence biological activity.

There is also the possibility of publication bias and language bias. Information regard-
ing commercial products and patents reflects the status available at the time of manuscript
preparation and may change over time.

While the analysis incorporates species occurring in the Romanian spontaneous
flora and considers products available on the national market, these plants are widely
distributed and utilized across multiple regions. Therefore, the conclusions should be
interpreted within a broader international context, taking into account variations in regu-
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latory frameworks, market availability, and patterns of use rather than being viewed as
strictly region-specific.

7. Future Perspectives

Future research should focus on the development of standardized protocols for the
preparation and characterization of plant extracts, taking into account phytochemical vari-
ability determined by species, subspecies, geographical origin, plant part, and processing
methods. Such standardization is essential to ensure the reproducibility of findings and to
facilitate comparisons between preclinical and clinical studies.

Regarding mechanisms of action, future investigations should aim to further elucidate
the molecular targets involved in anxiety and depressive disorders, including the GABAer-
gic system, monoaminergic neurotransmission, the hypothalamic—pituitary—adrenal (HPA)
axis, neuroinflammatory processes, and neuroplasticity-related mechanisms. Integrated
experimental approaches combining pharmacological, molecular, and behavioral method-
ologies may help clarify the relationship between phytochemical composition and observed
biological effects.

From a future perspective, advancing the clinical relevance of the analyzed plant
species requires a more coherent integration of existing pharmacological, preclinical, and
emerging clinical data. Particular attention should be given to species for which the
current evidence remains predominantly experimental, by promoting research strategies
that facilitate the translation of mechanistic findings into clinically meaningful outcomes.

In addition, exploring their role as adjunctive therapies alongside conventional treat-
ments represents a promising direction, especially in the context of multifactorial disorders
such as anxiety and depression. Such approaches may contribute to optimizing therapeutic
responses, improving tolerability, and supporting the gradual integration of phytotherapy
into evidence-informed clinical practice.

8. Conclusions

The present review highlights that medicinal plants from the spontaneous flora of
Romania analyzed in this study exhibit variable potential in the management of anxiety
and depressive symptoms. Among them, Hypericum perforatum L. and Melissa officinalis L.
are supported by the most consistent clinical evidence, whereas for other species—such as
Galium odoratum (L.) Scop., Leonurus cardiaca L., Tilia spp., and Crataegus monogyna Jacq.—
the anxiolytic and antidepressant effects are primarily supported by preclinical data and
traditional use.

Comparative analysis of their mechanisms of action suggests that the therapeutic
effects of these plants are mediated through a combination of biological pathways, in-
cluding modulation of GABAergic and monoaminergic neurotransmission, attenuation
of neuroinflammation, regulation of the hypothalamic—pituitary—adrenal (HPA) axis, and
support of neuroplasticity-related processes. The diversity of these mechanisms under-
scores the need for a differentiated and cautious approach in the use of phytotherapy for
anxiety—depressive disorders.

This work emphasizes the contextual interpretation of phytochemical and phar-
macological data by integrating evidence derived from globally studied species with
their documented occurrence, traditional use, and current availability on the Romanian
market. Rather than reiterating widely acknowledged limitations in medicinal plant re-
search, the present review highlights how these species—although not geographically
restricted to Romania—are embedded in the local ethnopharmacological framework and
commercial landscape.
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In this context, the analysis focuses on bridging global scientific evidence with region-
specific factors, including patterns of use, market presence, and ecological distribution
within Romania. This approach aims to provide a more coherent perspective that connects
internationally generated data with its practical relevance at the national level, thereby
supporting a more informed evaluation of their therapeutic potential.

By aligning international research data with region-specific patterns of use and avail-
ability, this study provides a context-oriented perspective that may support future research
directions, phytotherapeutic applications, and product development in both European and
broader international settings.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390 /biomedicines14051019/s1, Table S1: Data on the location of areas
and geographical coordinates. Figure S1: Distribution of plants according to Romania’s landforms.

Author Contributions: Conceptualization, O.-D.E,, C.-S.I,, G.C., M.G,, and L.G.V.; Methodology,
EM. and G.I.P.C; Software, O.-D.F,, I.L.D., and D.A.; Validation, C.-S.I. and E.M.; Formal analysis,
C.N. and D.A.; Data curation, G.E.D. and O.-D.F.; Writing—original draft preparation, O.-D.F.,, EM.,
R.A.C,, CN,, and G.IPC,; writing—review and editing, G.E.D., LL.D., RA.C.,, CN,, and C.-S.I1;
Visualization, G.C., M.G., and L.G.V,; Supervision, L.G.V. and C.-S.I. All authors have read and agreed
to the published version of the manuscript.

Funding: The APC was funded by the University of Oradea.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Charlson, E; van Ommeren, M.; Flaxman, A.; Cornett, J.; Whiteford, H.; Saxena, S. New WHO prevalence estimates of mental
disorders in conflict settings: A systematic review and meta-analysis. Lancet 2019, 394, 240-248. [CrossRef]

2. Bratucu, G.; Tudor, ALM,; Litra, A.V.; Nichifor, E.; Chitu, I.B.; Bratucu, T.O. Designing the Well-Being of Romanians by Achieving
Mental Health with Digital Methods and Public Health Promotion. Int. J. Environ. Res. Public Health 2022, 19, 7878. [CrossRef]

3.  Simionescu, M.; Mahmoud, A.B.; Strielkowski, W.; Jula, N.M. Investigating stress, anxiety, and coping strategies among higher
education students in extreme contexts: Insights from Romania during the COVID-19 pandemic. BMC Public Health 2024,
24, 3497. [CrossRef]

4. Dobrek, L.; Glowacka, K. Depression and Its Phytopharmacotherapy-A Narrative Review. Int. J. Mol. Sci. 2023, 24, 4772.
[CrossRef]

5. Puruhita, R.; Wahyuni, A.S.; Suhendi, A. A Literature Review: The Potential of Natural Ingredients As Antidepressants. Med.
Sains |. Ilm. Kefarmasian 2023, 8, 1589-1604. [CrossRef]

6. Zeinhom, A.A.; Dinica, RM.; Lupoae, M.; Balanescu, F.; Nistor, A.; Busuioc, A.; Botezatu, A.; Furdui, B.; Dumitru, C. A Recent
Review on Ethnomedicinal, Phytochemical, and Pharmacological Activities of Major Astraceae Family Plants in the Macin
Mountain National Park, Romania. Sci. Study Res. 2025, 26, 257-274. [CrossRef]

7. Ekor, M. The growing use of herbal medicines: Issues relating to adverse reactions and challenges in monitoring safety. Front.
Pharmacol. 2014, 4, 177. [CrossRef] [PubMed]

8. Etkin, A.; Wager, T.D. Functional Neuroimaging of Anxiety: A Meta-Analysis of Emotional Processing in PTSD, Social Anxiety
Disorder, and Specific Phobia. Am. J. Psychiatry 2007, 164, 1476-1488. [CrossRef]

9.  Estela-Zape, ].L.; Sanclemente-Cardoza, V.; Norefia-Buitrén, L.D.; Ordofiez-Mora, L.T. Utilization of Medicinal Plants in Mental
Disorders: Neuroplasticity and Neuroprotection in Biomodels. Brain Sci. 2025, 15, 366. [CrossRef] [PubMed]

10. Jia, M,; Li, C.; Zheng, Y.; Ding, X.; Chen, M.; Ding, J.; Du, R.; Lu, M.; Hu, G. Leonurine Exerts Antidepressant-Like Effects in the
Chronic Mild Stress-Induced Depression Model in Mice by Inhibiting Neuroinflammation. Int. . Neuropsychopharmacol. 2017,
20, 886-895. [CrossRef]

11. Nemati, M.A.H.; Vatani, K.; Abbasy, Z.; Jahromi, M.H.; Davoodi, P. Anti-depressant Activity of Hydroalcoholic Extract of

Aspendula odorata L. in Mice. Galen Med. ]. 2021, 10, 2206. [CrossRef]

https:/ /doi.org/10.3390/biomedicines14051019


https://www.mdpi.com/article/10.3390/biomedicines14051019/s1
https://www.mdpi.com/article/10.3390/biomedicines14051019/s1
https://doi.org/10.1016/S0140-6736(19)30934-1
https://doi.org/10.3390/ijerph19137868
https://doi.org/10.1186/s12889-024-20949-0
https://doi.org/10.3390/ijms24054772
https://doi.org/10.37874/ms.v8i4.843
https://doi.org/10.29081/ChIBA.2025.641
https://doi.org/10.3389/fphar.2013.00177
https://www.ncbi.nlm.nih.gov/pubmed/24454289
https://doi.org/10.1176/appi.ajp.2007.07030504
https://doi.org/10.3390/brainsci15040366
https://www.ncbi.nlm.nih.gov/pubmed/40309824
https://doi.org/10.1093/ijnp/pyx062
https://doi.org/10.31661/gmj.v10i0.2206
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 61 of 72

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

Figas, A.; Tomaszewska-Sowa, M.; Siwik-Ziomek, A.; Kobierski, M. Phytoaccumulation of Heavy Metals in Flowers of Tilia
cordata Mill. and Soil on Background Enzymatic Activity. Forests 2025, 16, 991. [CrossRef]

Kenda, M.; Kotevar Glavac, N.; Nagy, M.; Sollner Dolenc, M. Medicinal Plants Used for Anxiety, Depression, or Stress Treatment:
An Update. Molecules 2022, 27, 6021. [CrossRef]

Yeung, K.S.; Hernandez, M.; Mao, J.J.; Haviland, I.; Gubil, ]. Herbal medicine for depression and anxiety: A systematic review
with assessment of potential psycho-oncologic relevance. Phytother. Res. 2018, 32, 865-891. [CrossRef]

Spandler, H.; Anderson, J.; Sapey, B. Madness, Distress and the Politics of Disablement; Bristol University Press: Bristol, UK, 2015;
pp. 293-332. [CrossRef]

Belmaker, R.H.; Agam, G. Major depressive disorder. N. Engl. ]. Med. 2008, 358, 55-68. [CrossRef]

Boku, S.; Nakagawa, S.; Toda, H.; Hishimoto, A. Neural basis of major depressive disorder: Beyond monoamine hypothesis.
Psychiatry Clin. Neurosci. 2018, 72, 3-12. [CrossRef] [PubMed]

Valluru, L.; Diao, Y.; Hachmeister, E.J.; Liu, D. Mn (III) tetrakis (4-benzoic acid) porphyrin protects against neuronal and glial
oxidative stress and death after spinal cord injury. CNS Neurol. Disord. Drug Targets 2012, 11, 774-790. [CrossRef]

Pehrson, A.L.; Sanchez, C. Serotonergic modulation of glutamate neurotransmission as a strategy for treating depression and
cognitive dysfunction. CNS Spectr. 2014, 19, 121-133. [CrossRef] [PubMed]

Riggs, L.M.; Gould, T.D. Ketamine and the Future of Rapid-Acting Antidepressants. Annu. Rev. Clin. Psychol. 2021, 17, 207-231.
[CrossRef] [PubMed]

Kadriu, B.; Musazzi, L.; Henter, I.D.; Graves, M.; Popoli, M.; Zarate, C.A., Jr. Glutamatergic Neurotransmission: Pathway to
Developing Novel Rapid-Acting Antidepressant Treatments. Int. J. Neuropsychopharmacol. 2018, 22, 119-135. [CrossRef]

Fogaca, M.V,; Duman, R.S. Cortical GABAergic Dysfunction in Stress and Depression: New Insights for Therapeutic Interventions.
Front. Cell. Neurosci. 2019, 13, 87. [CrossRef]

Engin, E.; Benham, R.S.; Rudolph, U. An Emerging Circuit Pharmacology of GABA Receptors. Trends Pharmacol. Sci. 2018,
39, 710-732. [CrossRef]

Hewitt, S.A.; Wamsteeker, ].I; Kurz, E.U.; Bains, ]J.S. Altered chloride homeostasis removes synaptic inhibitory constraint of the
stress axis. Nat. Neurosci. 2009, 12, 438-443. [CrossRef] [PubMed]

Smith, K.S.; Rudolph, U. Anxiety and depression: Mouse genetics and pharmacological approaches to the role of GABAA receptor
subtypes. Neuropharmacology 2012, 62, 54—62. [CrossRef] [PubMed]

Vollenweider, I.; Smith, K.S.; Keist, R.; Rudolph, U. Antidepressant-like properties of x2-containing GABAA receptors. Behav.
Brain Res. 2011, 217, 77-80. [CrossRef]

Pariante, C.M.; Lightman, S.L. The HPA axis in major depression: Classical theories and new developments. Trends Neurosci. 2008,
31, 464-468. [CrossRef]

Schumacher, M.M.; Santambrogio, J. Cortisol and the Dexamethasone Suppression Test as a Biomarker for Melancholic Depression:
A Narrative Review. ]. Pers. Med. 2023, 13, 837. [CrossRef] [PubMed]

Morris, M.C.; Kouros, C.D.; Mielock, A.S.; Rao, U. Depressive symptom composites associated with cortisol stress reactivity in
adolescents. J. Affect. Disord. 2017, 210, 181-188. [CrossRef]

Miller, A.H.; Raison, C.L. The role of inflammation in depression: From evolutionary imperative to modern treatment target. Nat.
Rev. Immunol. 2016, 16, 22-34. [CrossRef] [PubMed]

Kessler, R.C,; Berglund, P; Demler, O,; Jin, R.; Merikangas, K.R.; Walters, E.E. Lifetime Prevalence and Age-of-Onset Distributions
of DSM-1IV Disorders in the National Comorbidity Survey Replication. Arch. Gen. Psychiatry 2005, 62, 593-602. [CrossRef]

Shin, L.M.; Liberzon, I. The Neurocircuitry of Fear, Stress, and Anxiety Disorders. Neuropsychopharmacology 2010, 35, 169-191.
[CrossRef]

Luscher, B.; Shen, Q.; Sahir, N. The GABAergic deficit hypothesis of major depressive disorder. Mol. Psychiatry 2011, 16, 383-406.
[CrossRef]

Ressler, K.J.; Nemeroff, C.B. Role of norepinephrine in the pathophysiology and treatment of mood disorders. Biol. Psychiatry
1999, 46, 1219-1233. [CrossRef]

Herman, J.P.; McKlveen, ].M.; Ghosal, S.; Kopp, B.; Wulsin, A.; Makinson, R.; Scheimann, J.; Myers, B. Regulation of the
Hypothalamic-Pituitary-Adrenocortical Stress Response. Compr. Physiol. 2016, 6, 603-621. [CrossRef]

Craske, M.G,; Stein, M.B.; Eley, T.C.; Milad, M.R.; Holmes, A.; Rapee, R.M.; Wittchen, H.U. Anxiety disorders. Nat. Rev. Dis.
Primers 2017, 3, 17024. [CrossRef]

Mineka, S.; Oehlberg, K. The relevance of recent developments in classical conditioning to understanding the etiology and
maintenance of anxiety disorders. Acta Psychol. 2008, 127, 567-580. [CrossRef]

Le Doux, J.E. Emotion Circuits in the Brain. Annu. Rev. Neurosci. 2000, 23, 155-184. [CrossRef] [PubMed]

Klingberg, G.; Broberg, A.G. Dental fear/anxiety and dental behaviour management problems in children and adolescents:
A review of prevalence and concomitant psychological factors. Int. ]. Paediatr. Dent. 2007, 17, 391-406. [CrossRef] [PubMed]
Romosan, I.; Spiru, L. Tratat de Geriatrie; Editura Academiei Ana Aslan International: Bucuresti, Romania, 2004.

https://doi.org/10.3390 /biomedicines14051019


https://doi.org/10.3390/f16060991
https://doi.org/10.3390/molecules27186021
https://doi.org/10.1002/ptr.6033
https://doi.org/10.46692/9781447314592.023
https://doi.org/10.1056/NEJMra073096
https://doi.org/10.1111/pcn.12604
https://www.ncbi.nlm.nih.gov/pubmed/28926161
https://doi.org/10.2174/187152712803581056
https://doi.org/10.1017/S1092852913000540
https://www.ncbi.nlm.nih.gov/pubmed/23903233
https://doi.org/10.1146/annurev-clinpsy-072120-014126
https://www.ncbi.nlm.nih.gov/pubmed/33561364
https://doi.org/10.1093/ijnp/pyy094
https://doi.org/10.3389/fncel.2019.00087
https://doi.org/10.1016/j.tips.2018.04.003
https://doi.org/10.1038/nn.2274
https://www.ncbi.nlm.nih.gov/pubmed/19252497
https://doi.org/10.1016/j.neuropharm.2011.07.026
https://www.ncbi.nlm.nih.gov/pubmed/21810433
https://doi.org/10.1016/j.bbr.2010.10.009
https://doi.org/10.1016/j.tins.2008.06.006
https://doi.org/10.3390/jpm13050837
https://www.ncbi.nlm.nih.gov/pubmed/37241007
https://doi.org/10.1016/j.jad.2016.12.023
https://doi.org/10.1038/nri.2015.5
https://www.ncbi.nlm.nih.gov/pubmed/26711676
https://doi.org/10.1001/archpsyc.62.6.593
https://doi.org/10.1038/npp.2009.83
https://doi.org/10.1038/mp.2010.120
https://doi.org/10.1016/S0006-3223(99)00127-4
https://doi.org/10.1002/j.2040-4603.2016.tb00694.x
https://doi.org/10.1038/nrdp.2017.24
https://doi.org/10.1016/j.actpsy.2007.11.007
https://doi.org/10.1146/annurev.neuro.23.1.155
https://www.ncbi.nlm.nih.gov/pubmed/10845062
https://doi.org/10.1111/j.1365-263X.2007.00872.x
https://www.ncbi.nlm.nih.gov/pubmed/17935593
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 62 of 72

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Spiru, L.; Romosan, I. Medicina Longevititii—TRATAT DE GERIATRIE; Editura Ana Aslan International, Academy of Aging:
Bucuresti, Romania, 2022.

Brocklehurst, J.C.; Tallis, R.; Fillit, H. Textbook of Geriatric Medicine and Gerontology; Churchill Livingstone: Madrid, Spain, 2003.
Benson, S.; Downey, L.A.; Stough, C.; Wetherell, M.; Zangara, A.; Scholey, A. An Acute, Double-Blind, Placebo-Controlled
Cross-over Study of 320mg and 640 mg Doses of Bacopa monnieri (CDRI 08) on Multitasking Stress Reactivity and Mood.
Phytother. Res. 2014, 28, 551-559. [CrossRef] [PubMed]

Fan, H.-R.; Du, W.-F,; Zhu, T.; Wu, Y.-J.; Liu, Y.-M.; Wang, Q.; Wang, Q.; Gu, X,; Shan, X.; Deng, S.; et al. Quercetin Reduces
Cortical GABAergic Transmission and Alleviates MK-801-Induced Hyperactivity. eBioMedicine 2018, 34, 201-213. [CrossRef]
Salve, J.; Pate, S.; Debnath, K.; Langade, D.; Langade, D.G. Adaptogenic and anxiolytic effects of ashwagandha root extract in
healthy adults: A double-blind, randomized, placebo-controlled clinical study. Cureus 2019, 11, e6466. [CrossRef]

Rajan, K.E.; Preethi, J.; Singh, H.K. Molecular and Functional Characterization of Bacopa monniera: A Retrospective Review. Evid.
Based Complement. Altern. Med. 2015, 2015, 945217. [CrossRef]

Dalui, S.; Pal, S.; Goswami, A.; Sinha, A.; Karar, S.; Saha, A.; Modak, P; Sil, M.; Ratnaparkhi, P.; Goswami, A.; et al. Chamomile
Modulates Glucose Metabolism and Neuro-inflammation to Alleviate Stress-Induced Depression in Mice. Mol. Neurobiol. 2025,
63, 264. [CrossRef] [PubMed]

Andrade, C.; Aswath, A.; Chaturvedi, S.K; Srinivasa, M.; Raguram, R. A double-blind, placebo-controlled evaluation of the
anxiolytic efficacy ff an ethanolic extract of withania somnifera. Indian J. Psychiatry 2000, 42, 295-301.

Hurdu, B.I; Coste, A.; Halmagyi, A.; Szatmari, PM.; Farkas, A.; Puscas, M.; Dan Turtureanu, P.; Rosca-Casian, O.; Tanase, C.;
Oprea, A,; et al. Ex situ conservation of plant diversity in Romania: A synthesis of threatened and endemic taxa. J. Nat. Conserv.
2022, 68, 126211. [CrossRef]

Petran, M.; Dragos, D.; Stoian, I.; Vlad, A.; Gilca, M. Current use of medicinal plants for children’s diseases among mothers in
Southern Romania. Front. Pharmacol. 2024, 15, 1377341. [CrossRef]

Mao, ].J.; Xie, S.X.; Keefe, ].R.; Soeller, I; Li, Q.S.; Amsterdam, J.D. Long-term chamomile (Matricaria chamomilla L.) treatment for
generalized anxiety disorder: A randomized clinical trial. Phytomedicine 2016, 23, 1735-1742. [CrossRef]

Cases, J.; Ibarra, A.; Feuillére, N.; Roller, M.; Sukkar, S.G. Pilot trial of Melissa officinalis L. leaf extract in the treatment of volunteers
suffering from mild-to-moderate anxiety disorders and sleep disturbances. Mediterr. |. Nutr. Metab. 2011, 4, 211-218. [CrossRef]
Hypericum Depression Trial Study, G. Effect of Hypericum perforatum (St John’s wort) in major depressive disorder: A randomized
controlled trial. JAMA 2002, 287, 1807-1814. [CrossRef]

Jiang, Z.-M.; Wang, E-F.; Zhao, Y.-Y,; Lu, L.-F; Jiang, X.-Y.; Huang, T.-Q.; Lin, Y.; Guo, L.; Weng, Z.-B.; Liu, E.H. Hypericum
perforatum L. attenuates depression by regulating Akkermansia muciniphila, tryptophan metabolism and NF«kB-NLRP2-Caspasel-
IL1B pathway. Phytomedicine 2024, 132, 155847. [CrossRef] [PubMed]

Koshovyi, O.; Raal, A.; Kireyev, I.; Tryshchuk, N.; Ilina, T.; Romanenko, Y.; Kovalenko, S.M.; Bunyatyan, N. Phytochemical and
Psychotropic Research of Motherwort (Leonurus cardiaca L.) Modified Dry Extracts. Plants 2021, 10, 230. [CrossRef]

Turrini, F.; Vallarino, G.; Cisani, F; Donno, D.; Beccaro, G.L.; Zunin, P.; Boggia, R.; Pittaluga, A.; Grilli, M. Use of an Animal Model
to Evaluate Anxiolytic Effects of Dietary Supplementation with Tilia tomentosa Moench Bud Extracts. Nutrients 2020, 12, 3328.
[CrossRef]

Bozhilova, M. Chapter-1 Galium odoratum: Chemical Composition, Pharmacological Properties and Toxicity. In Advances in
Medicinal Plant Sciences; Integrated Publications: Delhi, India, 2022; Volume 100. [CrossRef]

Quave, C.L.; Pardo-de-Santayana, M.; Pieroni, A. Medical Ethnobotany in Europe: From Field Ethnography to a More Culturally
Sensitive Evidence-Based CAM? Evid. Based Complement. Altern. Med. 2012, 2012, 156846. [CrossRef]

Jari¢, S.; Kosti¢, O.; Mileti¢, Z.; Markovié, M.; Sekulié, D.; Mitrovié¢, M.; Pavlovié, P. Ethnobotanical and ethnomedicinal research
into medicinal plants in the Mt Stara Planina region (south-eastern Serbia, Western Balkans). J. Ethnobiol. Ethnomedicine 2024,
20, 7. [CrossRef]

Guisan, A.; Thuiller, W. Predicting species distribution: Offering more than simple habitat models. Ecol. Lett. 2005, 8, 993-1009.
[CrossRef]

Li, Y;; Kong, D.; Fu, Y.; Sussman, M.R.; Wu, H. The effect of developmental and environmental factors on secondary metabolites
in medicinal plants. Plant Physiol. Biochem. 2020, 148, 80-89. [CrossRef] [PubMed]

Velea, L.; Irimescu, A.; Bojariu, R.; Chitu, Z. Climate Change and Its Impact on Romanian Rural Tourism—A Review of Actionable
Knowledge. Agriculture 2024, 14, 1917. [CrossRef]

Gheorghe, M.; Strimbu, B.M. Impact of Climate on the Growth and Yield of the Main Tree Species from Romania Using
Dendrochronological Data. Plants 2025, 14, 1234. [CrossRef]

Mihai, G.; Alexandru, A.-M.; Nita, I.-A.; Birsan, M.-V. Climate Change in the Provenance Regions of Romania over the Last
70 Years: Implications for Forest Management. Forests 2022, 13, 1203. [CrossRef]

Maéndrut, O. Romania. School Geographical Atlas; Corint: Bucharest, Romania, 2022; ISBN 973-653-052-3.

https://doi.org/10.3390 /biomedicines14051019


https://doi.org/10.1002/ptr.5029
https://www.ncbi.nlm.nih.gov/pubmed/23788517
https://doi.org/10.1016/j.ebiom.2018.07.031
https://doi.org/10.7759/cureus.6466
https://doi.org/10.1155/2015/945217
https://doi.org/10.1007/s12035-025-05434-y
https://www.ncbi.nlm.nih.gov/pubmed/41351710
https://doi.org/10.1016/j.jnc.2022.126211
https://doi.org/10.3389/fphar.2024.1377341
https://doi.org/10.1016/j.phymed.2016.10.012
https://doi.org/10.3233/s12349-010-0045-4
https://doi.org/10.1001/jama.287.14.1807
https://doi.org/10.1016/j.phymed.2024.155847
https://www.ncbi.nlm.nih.gov/pubmed/38996505
https://doi.org/10.3390/plants10020230
https://doi.org/10.3390/nu12113328
https://doi.org/10.22271/int.book.228
https://doi.org/10.1155/2012/156846
https://doi.org/10.1186/s13002-024-00647-2
https://doi.org/10.1111/j.1461-0248.2005.00792.x
https://doi.org/10.1016/j.plaphy.2020.01.006
https://www.ncbi.nlm.nih.gov/pubmed/31951944
https://doi.org/10.3390/agriculture14111917
https://doi.org/10.3390/plants14081234
https://doi.org/10.3390/f13081203
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 63 of 72

66.

67.

68.
69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Pant, P.; Pandey, S.; Dall’Acqua, S. The Influence of Environmental Conditions on Secondary Metabolites in Medicinal Plants:
A Literature Review. Chem. Biodivers. 2021, 18, 2100345. [CrossRef]

Yesson, C.; Brewer, PW.,; Sutton, T.; Caithness, N.; Pahwa, ].S.; Burgess, M.; Gray, W.A.; White, R.].; Jones, A.C.; Bisby, FA.; et al.
How Global Is the Global Biodiversity Information Facility. PLoS ONE 2007, 2, 1124. [CrossRef]

Szabo, I. Pharmaceutical Botany. Plant Systematics, Il ed.; University of Oradea: Oradea, Romania, 2009; ISBN 978-973-759-881-3.
El Mihyaoui, A.; Esteves da Silva, ].C.G.; Charfi, S.; Candela Castillo, M.E.; Lamarti, A.; Arnao, M.B. Chamomile (Matricaria
chamomilla L.): A Review of Ethnomedicinal Use, Phytochemistry and Pharmacological Uses. Life 2022, 12, 479. [CrossRef]
Herre, 1; Stegemann, T.; Zidorn, C. Comprehensive analysis of natural products of Galium odoratum (Rubiaceae), focusing on the
formation of coumarin during the drying process. Phytochemistry 2025, 236, 114485. [CrossRef]

Hanganu, D.; Burtescu, R.F; Petrescu, S.; Furtuna, ER.P; Chise, E.; Turcus, V.; Benedec, D.; Oniga, I.; Olah, N.K. Galium
species-polyphenolic content and their antioxidant potential. Hop. Med. Plants 2018, 26, 84-93. [CrossRef]

Razzivina, V.; Vasiljeva, A.; Kronberga, A.; Skudrins, G.; Nakurte, I.; Zogota, M.; Mezaka, I.; Pugovics, O.; Grinberga, S.;
Dambrova, M.; et al. Phenolic Content and Anti-Inflammatory Activity of Cultivated and Wild-Type Galium odoratum Extracts in
Murine Bone Marrow-Derived Macrophages. Antioxidants 2024, 13, 1447. [CrossRef]

Petkova, M.K,; Grozeva, N.H.; Tzanova, M.T.; Todorova, M.H. A Review of Phytochemical and Pharmacological Studies on
Galium verum L., Rubiaceae. Molecules 2025, 30, 1856. [CrossRef]

Zam, W.; Quispe, C.; Sharifi-Rad, J.; Lépez, M.D.; Schoebitz, M.; Martorell, M.; Sharopov, F.; Fokou, P.V.T.; Mishra, A.P.; Chandran,
D.; et al. An Updated Review on The Properties of Melissa officinalis L.: Not Exclusively Anti-anxiety. Front. Biosci. 2022, 14, 16.
[CrossRef] [PubMed]

Shakeri, A.; Sahebkar, A.; Javadi, B. Melissa officinalis L.—A review of its traditional uses, phytochemistry and pharmacology.
J. Ethnopharmacol. 2016, 188, 204-228. [CrossRef] [PubMed]

Angeloni, S.; Spinozzi, E.; Maggi, F; Sagratini, G.; Caprioli, G.; Borsetta, G.; Ak, G.; Sinan, K.I.; Zengin, G.; Arpini, S.; et al.
Phytochemical Profile and Biological Activities of Crude and Purified Leonurus cardiaca Extracts. Plants 2021, 10, 195. [CrossRef]
[PubMed]

Fierascu, I.C.; Fierascu, I.; Baroiu, A.M.; Ungureanu, C.; Spinu, S.; Avramescu, S.M.; Somoghi, R.; Fierascu, R.C.; Dinu-Parvu, C.E.
Phytosynthesis of Silver Nanoparticles Using Leonurus cardiaca L. Extracts. Materials 2023, 16, 3472. [CrossRef]

Dauncey, E.A; Irving, ].T.W.; Allkin, R. A review of issues of nomenclature and taxonomy of Hypericum perforatum L. and Kew’s
Medicinal Plant Names Services. J. Pharm. Pharmacol. 2019, 71, 4-14. [CrossRef]

Saddiqe, Z.; Naeem, I.; Maimoona, A. A review of the antibacterial activity of Hypericum perforatum L. J. Ethnopharmacol. 2010,
131, 511-521. [CrossRef]

Martinelli, F.; Perrone, A.; Yousefi, S.; Papini, A.; Castiglione, S.; Guarino, F,; Cicatelli, A.; Aelaei, M.; Arad, N.; Gholami, M.; et al.
Botanical, Phytochemical, Anti-Microbial and Pharmaceutical Characteristics of Hawthorn (Crataegus monogyna Jacq.), Rosaceae.
Molecules 2021, 26, 7266. [CrossRef]

Sarris, J.; Panossian, A.; Schweitzer, I.; Stough, C.; Scholey, A. Herbal medicine for depression, anxiety and insomnia: A review of
psychopharmacology and clinical evidence. Eur. Neuropsychopharmacol. 2011, 21, 841-860. [CrossRef]

Zhou, Q.H.; Zhou, X.L.; Xu, M.B.; Jin, T.Y,; Rong, P.Q.; Zheng, G.Q.; Lin, Y. Suanzaoren Formulae for Insomnia: Updated Clinical
Evidence and Possible Mechanisms. Front. Pharmacol. 2018, 9, 76. [CrossRef] [PubMed]

Bertollo, A.G.; Spohr, L.; Bearzi, A.; Kreuz, K.M.; Ignacio, Z.M. Medicinal Plants for Major Depressive Disorder. Brain Sci. 2026,
16, 223. [CrossRef]

Urbanska, N.; Ashaolu, T.J.; Mattova, S.; Simko, P; Kiskova, T. The Potential of Selected Plants and Their Biologically Active
Molecules in the Treatment of Depression and Anxiety Disorders. Int. ]. Mol. Sci. 2025, 26, 2368. [CrossRef]

Dai, Y.L.; Li, Y.; Wang, Q.; Niu, EJ.; Li, KW.; Wang, Y.Y.; Wang, ].; Zhou, C.Z.; Gao, L.N. Chamomile: A Review of Its Traditional
Uses, Chemical Constituents, Pharmacological Activities and Quality Control Studies. Molecules 2022, 28, 133. [CrossRef]
[PubMed]

Gupta, V.; Mittal, P; Bansal, P.; Khokra, S.L.; Kaushik, D. Pharmacological potential of Matricaria recutita-A review. Int. ]. Pharm.
Sci. Drug Res. 2010, 2, 12-16. [CrossRef]

Karim, N.; Khan, I.; Abdelhalim, A.; Halim, S.A.; Khan, A.; Al-Harrasi, A. Stigmasterol can be new steroidal drug for neurological
disorders: Evidence of the GABAergic mechanism via receptor modulation. Phytomedicine 2021, 90, 153646. [CrossRef]

Tabari, M.A.; Tehrani, M.A.B. Evidence for the involvement of the GABAergic, but not serotonergic transmission in the anxiolytic-
like effect of bisabolol in the mouse elevated plus maze. Naunyn-Schmiedeberg’s Arch. Pharmacol. 2017, 390, 1041-1046. [CrossRef]
Shahnouri, M.; Abouhosseini Tabari, M.; Araghi, A. Neuropharmacological properties of farnesol in Murine model. Iran. J. Vet.
Res. 2016, 17, 259-264.

Nisar, R.; Inamullah, A.; Ghalib, A.U.F,; Nisar, H.; Sarkaki, A.; Afzal, A.; Tariq, M.; Batool, Z.; Haider, S. Geraniol mitigates
anxiety-like behaviors in rats by reducing oxidative stress, repairing impaired hippocampal neurotransmission, and normalizing
brain cortical-EEG wave patterns after a single electric foot-shock exposure. Biomed. Pharmacother. 2024, 176, 116771. [CrossRef]

https://doi.org/10.3390 /biomedicines14051019


https://doi.org/10.1002/cbdv.202100345
https://doi.org/10.1371/journal.pone.0001124
https://doi.org/10.3390/life12040479
https://doi.org/10.1016/j.phytochem.2025.114485
https://doi.org/10.15835/hpm.v26i1-2.13236
https://doi.org/10.3390/antiox13121447
https://doi.org/10.3390/molecules30081856
https://doi.org/10.31083/j.fbs1402016
https://www.ncbi.nlm.nih.gov/pubmed/35730441
https://doi.org/10.1016/j.jep.2016.05.010
https://www.ncbi.nlm.nih.gov/pubmed/27167460
https://doi.org/10.3390/plants10020195
https://www.ncbi.nlm.nih.gov/pubmed/33494336
https://doi.org/10.3390/ma16093472
https://doi.org/10.1111/jphp.12831
https://doi.org/10.1016/j.jep.2010.07.034
https://doi.org/10.3390/molecules26237266
https://doi.org/10.1016/j.euroneuro.2011.04.002
https://doi.org/10.3389/fphar.2018.00076
https://www.ncbi.nlm.nih.gov/pubmed/29479317
https://doi.org/10.3390/brainsci16020223
https://doi.org/10.3390/ijms26052368
https://doi.org/10.3390/molecules28010133
https://www.ncbi.nlm.nih.gov/pubmed/36615326
https://doi.org/10.25004/IJPSDR.2010.020102
https://doi.org/10.1016/j.phymed.2021.153646
https://doi.org/10.1007/s00210-017-1405-0
https://doi.org/10.1016/j.biopha.2024.116771
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 64 of 72

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Yu, S.; Wang, X.; Lv, L.; Liu, T.; Guan, Q. Borneol-modified PEGylated graphene oxide as a nanocarrier for brain-targeted delivery
of ginsenoside Rg1l against depression. Int. |. Pharm. 2023, 643, 123284. [CrossRef] [PubMed]

Sulakhiya, K.; Keshavlal, G.P; Bezbaruah, B.B.; Dwivedi, S.; Gurjar, S.S.; Munde, N.; Jangra, A.; Lahkar, M.; Gogoi, R. Lipopolysac-
charide induced anxiety-and depressive-like behaviour in mice are prevented by chronic pre-treatment of esculetin. Neurosci. Lett.
2016, 611, 106-111. [CrossRef] [PubMed]

Alqudah, A.; Qnais, E.; Gammoh, O.; Bseiso, Y.; Wedyan, M.; Alqudah, M.; Oqal, M.; Abudalo, R.; Hatahet, T. Scopoletin mitigates
maternal separation-induced anxiety-like and depression-like behaviors in male mice through modulation of the Sirt1/NF-kB
pathway. Psychopharmacology 2024, 241, 2347-2362. [CrossRef]

Lee, S.; Kim, H.B.; Hwang, E.S.; Kim, E.S.; Kim, S.S.; Jeon, T.D.; Song, M.C; Lee, ].S.; Chung, M.C.; Maeng, S.; et al. Antidepressant-
like Effects of p-Coumaric Acid on LPS-induced Depressive and Inflammatory Changes in Rats. Exp. Neurobiol. 2018, 27, 189-199.
[CrossRef]

Wu, S.; Tang, Q.; Zhang, H.; Xiong, E; Yin, Q.; Liang, C.; Qin, H.; Feng, X. Chlorogenic acid ameliorates chronic stress-induced
depression-like behaviors in rats by inhibiting oxidative stress and neuroinflammation via the PI3K/Akt/Nrf2 pathway. Cell.
Signal. 2025, 137, 112199. [CrossRef] [PubMed]

Hu, J.; Cao, S.; Zhang, Z.; Wang, L.; Wang, D.; Wu, Q.; Li, L. Effects of caffeic acid on epigenetics in the brain of rats with chronic
unpredictable mild stress. Mol. Med. Rep. 2020, 22, 5358-5368. [CrossRef]

Li, R.; Zhao, D.; Qu, R.; Fu, Q.; Ma, S. The effects of apigenin on lipopolysaccharide-induced depressive-like behavior in mice.
Neurosci. Lett. 2015, 594, 17-22. [CrossRef]

Cheng, Y.; Wang, X,; Yu, Y.; Gu, J.; Zhao, M.; Fu, Q.; Song, Y.; Liu, Y. Noise Induced Depression-Like Behavior, Neuroinflammation
and Synaptic Plasticity Impairments: The Protective Effects of Luteolin. Neurochem. Res. 2022, 47, 3318-3330. [CrossRef]

Ge, C.; Wang, S.; Wu, X,; Lei, L. Quercetin attenuates brain apoptosis in mice with chronic unpredictable mild stress-induced
depression. Behav. Brain Res. 2024, 465, 114934. [CrossRef] [PubMed]

Foudah, AI; Alqarni, M.H.; Alam, A.; Devi, S.; Salkini, M.A.; Alam, P. Rutin Improves Anxiety and Reserpine-Induced
Depression in Rats. Molecules 2022, 27, 7313. [CrossRef] [PubMed]

Parashar, A.; Mehta, V.; Udayabanu, M. Rutin alleviates chronic unpredictable stress-induced behavioral alterations and
hippocampal damage in mice. Neurosci. Lett. 2017, 656, 65-71. [CrossRef]

Gao, W.; Wang, W.; Peng, Y.; Deng, Z. Antidepressive effects of kaempferol mediated by reduction of oxidative stress, proinflam-
matory cytokines and up-regulation of AKT/3-catenin cascade. Metab. Brain Dis. 2019, 34, 485-494. [CrossRef]

Bansal, Y.; Singh, R.; Saroj, P.; Sodhi, R.K.; Kuhad, A. Naringenin protects against oxido-inflammatory aberrations and altered
tryptophan metabolism in olfactory bulbectomized-mice model of depression. Toxicol. Appl. Pharmacol. 2018, 355, 257-268.
[CrossRef] [PubMed]

Bolkent, S.; Yanardag, R.; Karabulut-Bulan, O.; Yesilyaprak, B. Protective role of Melissa officinalis L. extract on liver of hyperlipi-
demic rats: A morphological and biochemical study. . Ethnopharmacol. 2005, 99, 391-398. [CrossRef]

Baser, K.H.C.; Ozek, T.; Kirimer, N.; Deliorman, D.; Ergun, F. Composition of the essential oils of Galium aparine L. and Galium
odoratum (L.) Scop. from Turkey. J. Essent. Oil Res. 2004, 16, 305-307. [CrossRef]

Sergeevna, .N.; Mihaylovna, K.A.; Leonidivna, T.E.; Aleksandrovna, K.I. The Antihypoxic and Sedative Activity of the Dry
extract from Asperula odorata L. Pharmacogn. Commun. 2015, 5, 233-236. [CrossRef]

Kahkeshani, N.; Farahanikia, B.; Mahdaviani, P.; Abdolghaffari, A.; Hassanzadeh, G.; Abdollahi, M.; Khanavi, M. Antioxidant
and burn healing potential of Galium odoratum extracts. Res. Pharm. Sci. 2013, 8, 197-203.

Wang, S.-B.; Liu, H.; Li, G.-Y;; Li, J.; Li, X.-J.; Lei, K.; Wei, L.-C.; Quan, Z.-S.; Wang, X.-K.; Liu, R.-M. Coumarin and 3,4-
dihydroquinolinone derivatives: Synthesis, antidepressant activity, and molecular docking studies. Pharmacol. Rep. 2019,
71,1244-1252. [CrossRef]

Yin, L; Lu, C,; Zeng, S.; Jiang, D.; Zeng, G.; Wang, H. Asperuloside suppresses the development of depression through
Wnt3a/GSK-3p signal pathway in rats. Biol. Pharm. Bull. 2024, 47, 1637-1643. [CrossRef]

Song, Y.; Xie, X.; Lin, J.; Jiang, D.; Wang, X,; Xie, Y.; Yanfang, W.; Liang, J.; Chen, S.; Yang, L. The active ingredient Monotropein in
Morinda officinalis alleviates neuroinflammation via inhibition the cGAS/STING signaling pathway. STING Signal. Pathw. 2026.
[CrossRef]

Liu, P; Song, S.; Yang, P; Rao, X.; Wang, Y.; Bai, X. Aucubin improves chronic unpredictable mild stress-induced depressive
behavior in mice via the GR/NF-«kB/NLRP3 axis. Int. Immunopharmacol. 2023, 123, 110677. [CrossRef]

Liu, Y.-M.; Hu, C.-Y,; Shen, J.-D.; Wu, S.-H.; Li, Y.-C.; Yi, L.-T. Elevation of synaptic protein is associated with the antidepressant-like
effects of ferulic acid in a chronic model of depression. Physiol. Behav. 2017, 169, 184-188. [CrossRef]

Chen, J.; Lin, D.; Zhang, C.; Li, G.; Zhang, N.; Ruan, L.; Yan, Q.; Li, J.; Yu, X; Xie, X,; et al. Antidepressant-like effects of ferulic
acid: Involvement of serotonergic and norepinergic systems. Metab. Brain Dis. 2015, 30, 129-136. [CrossRef] [PubMed]

https://doi.org/10.3390 /biomedicines14051019


https://doi.org/10.1016/j.ijpharm.2023.123284
https://www.ncbi.nlm.nih.gov/pubmed/37527732
https://doi.org/10.1016/j.neulet.2015.11.031
https://www.ncbi.nlm.nih.gov/pubmed/26620836
https://doi.org/10.1007/s00213-024-06639-0
https://doi.org/10.5607/en.2018.27.3.189
https://doi.org/10.1016/j.cellsig.2025.112199
https://www.ncbi.nlm.nih.gov/pubmed/41167512
https://doi.org/10.3892/mmr.2020.11609
https://doi.org/10.1016/j.neulet.2015.03.040
https://doi.org/10.1007/s11064-022-03683-0
https://doi.org/10.1016/j.bbr.2024.114934
https://www.ncbi.nlm.nih.gov/pubmed/38432303
https://doi.org/10.3390/molecules27217313
https://www.ncbi.nlm.nih.gov/pubmed/36364141
https://doi.org/10.1016/j.neulet.2017.04.058
https://doi.org/10.1007/s11011-019-0389-5
https://doi.org/10.1016/j.taap.2018.07.010
https://www.ncbi.nlm.nih.gov/pubmed/30017640
https://doi.org/10.1016/j.jep.2005.02.038
https://doi.org/10.1080/10412905.2004.9698728
https://doi.org/10.5530/pc.2015.4.3
https://doi.org/10.1016/j.pharep.2019.07.011
https://doi.org/10.1248/bpb.b24-00200
https://doi.org/10.2139/ssrn.6309312
https://doi.org/10.1016/j.intimp.2023.110677
https://doi.org/10.1016/j.physbeh.2016.12.003
https://doi.org/10.1007/s11011-014-9635-z
https://www.ncbi.nlm.nih.gov/pubmed/25483788
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 65 of 72

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Li, J; Liu, Q.-t.; Chen, Y.; Liu, J.; Shi, J.-L; Liu, Y.; Guo, J.-y. Involvement of 5-HT1A Receptors in the Anxiolytic-Like Effects
of Quercitrin and Evidence of the Involvement of the Monoaminergic System. Evid. Based Complement. Altern. Med. 2016,
2016, 6530364. [CrossRef] [PubMed]

Gao, C.; Wu, M,; Du, Q.; Deng, ].; Shen, ]. Naringin Mediates Adult Hippocampal Neurogenesis for Antidepression via Activating
CREB Signaling. Front. Cell Dev. Biol. 2022, 10, 731831. [CrossRef] [PubMed]

Xie, L.; Gu, Z.; Liu, H,; Jia, B.; Wang, Y.; Cao, M.; Song, R.; Zhang, Z.; Bian, Y. The Anti-Depressive Effects of Hesperidin and the
Relative Mechanisms Based on the NLRP3 Inflammatory Signaling Pathway. Front. Pharmacol. 2020, 11, 1251. [CrossRef]

Zhou, Y.; Huang, Y.; Ye, W.; Chen, Z; Yuan, Z. Cynaroside improved depressive-like behavior in CUMS mice by suppressing
microglial inflammation and ferroptosis. Biomed. Pharmacother. 2024, 173, 116425. [CrossRef]

Gurtik, I,; Dubravskd, R.; Miklovi¢ova, J. Economics of the cultivation of Salvia officinalis and Melissa officinalis. Agric. Econ.
Czech 2005, 51, 348-356. [CrossRef]

Miraj, S.; Rafieian, K.; Kiani, S. Melissa officinalis L: A Review Study With an Antioxidant Prospective. J. Evid. Based Complement.
Altern. Med. 2016, 22, 385-394. [CrossRef]

Islam, M.T.; Al Hasan, M.S; Ferdous, J.; Alshahrani, M.Y.; Mia, E.; Jony, M.A_; Shipon, M.N.H.; Hasan, A.M.W.; Saifuzzaman, M.
Anxiolytic-Like Effects of Citronellal and Phytol, Possibly Through the GABAergic Interaction Pathway: In Vivo with Molecular
Docking Studies. Mol. Neurobiol. 2025, 63, 104. [CrossRef]

Bahi, A.; Al Mansouri, S.; Al Memari, E.; Al Ameri, M.; Nurulain, S.M.; Ojha, S. 3-Caryophyllene, a CB2 receptor agonist produces
multiple behavioral changes relevant to anxiety and depression in mice. Physiol. Behav. 2014, 135, 119-124. [CrossRef]

Kondo, S.; E1 Omri, A; Han, J.; Isoda, H. Antidepressant-like effects of rosmarinic acid through mitogen-activated protein kinase
phosphatase-1 and brain-derived neurotrophic factor modulation. J. Funct. Foods 2015, 14, 758-766. [CrossRef]

Thakare, V.N.; Patil, R.R.; Suralkar, A.A.; Dhakane, V.D.; Patel, B.M. Protocatechuic acid attenuate depressive-like behavior
in olfactory bulbectomized rat model: Behavioral and neurobiochemical investigations. Metab. Brain Dis. 2019, 34, 775-787.
[CrossRef]

Kong, C.H,; Park, K; Kim, J.Y;; Kang, W.C.; Jeon, M.; Min, ] W.; Lee, W.H.; Jung, S.Y.; Ryu, ].H. Effects of oleanolic acid and
ursolic acid on depression-like behaviors induced by maternal separation in mice. Eur. . Pharmacol. 2023, 956, 175954. [CrossRef]
[PubMed]

Popescu, M.L.; Dinu, M.; Toth, O. Contributions to the pharmacognostical and phytobiological study on Leonurus cardiaca L.
(Lamiaceae). Farmacia 2009, 57, 424.

Fierascu, R.C.; Fierascu, I.; Ortan, A.; Fierascu, I.C.; Anuta, V.; Velescu, B.S.; Pituru, S.M.; Dinu-Pirvu, C.E. Leonurus cardiaca L. as a
Source of Bioactive Compounds: An Update of the European Medicines Agency Assessment Report (2010). BioMed Res. Int. 2019,
2019, 4303215. [CrossRef]

Kour, K.; Bani, S. Chicoric acid regulates behavioral and biochemical alterations induced by chronic stress in experimental Swiss
albino mice. Pharmacol. Biochem. Behav. 2011, 99, 342-348. [CrossRef] [PubMed]

Muhammad, A.; Muhammad, N.; Rubia, A.; Sufyan, S.; Abida, S.; Muhammad, F; Muhammad, R.; Laiba, B.H.; Ahmad, N;
Sidra, A. Antidepressant Role of Stachydrine in LPS Induced Depression by Targeting Neuroinflammatory Signaling. Pak. ]. Med.
Cardiol. Rev. 2025, 4, 2664-2672.

Zhao, Y.; Wang, S.; Pan, J.; Ma, K. Verbascoside: A neuroprotective phenylethanoid glycosides with anti-depressive properties.
Phytomedicine 2023, 120, 155027. [CrossRef]

Hosseini, S.S.; Ghotbeddin, Z.; Tabatabaei, S.R.F.; Rahimi, K. Behavioral and physiological benefits of alpha-pinene in adult rats
experiencing chronic stress: A focus on depression and oxidative stress. IBRO Neurosci. Rep. 2025, 19, 1017-1023. [CrossRef]
[PubMed]

Lee, BK,; Jung, ANN.; Jung, Y.S. Linalool Ameliorates Memory Loss and Behavioral Impairment Induced by REM-Sleep
Deprivation through the Serotonergic Pathway. Biomol. Ther. 2018, 26, 368-373. [CrossRef]

Lorigooini, Z.; Boroujeni, S.N.; Sayyadi-Shahraki, M.; Rahimi-Madiseh, M.; Bijad, E.; Amini-khoei, H. Limonene through
Attenuation of Neuroinflammation and Nitrite Level Exerts Antidepressant-Like Effect on Mouse Model of Maternal Separation
Stress. Behav. Neurol. 2021, 2021, 8817309. [CrossRef] [PubMed]

Lei, C,; Li, N.; Chen, J.; Wang, Q. Hypericin Ameliorates Depression-like Behaviors via Neurotrophin Signaling Pathway
Mediating m6A Epitranscriptome Modification. Molecules 2023, 28, 3859. [CrossRef]

Patocka, J. The chemistry, pharmacology, and toxicology of the biologically active constituents of the herb Hypericum perforatum L.
J. Appl. Biomed. 2003, 1, 61-70. [CrossRef]

Ghasemi Pirbalouti, A.; Fatahi-Vanani, M.; Craker, L.; Shirmardi, H. Chemical composition and bioactivity of essential oils of
Hypericum helianthemoides. Hypericum perforatum and Hypericum scabrum. Pharm. Biol. 2014, 52, 175-181. [CrossRef]
Simmen, U.; Bobirnac, I.; Ullmer, C.; Liibbert, H.; Berger Biiter, K.; Schaffner, W.; Schoeffter, P. Antagonist effect of pseudohypericin
at CRF1 receptors. Eur. J. Pharmacol. 2003, 458, 251-256. [CrossRef]

https://doi.org/10.3390 /biomedicines14051019


https://doi.org/10.1155/2016/6530364
https://www.ncbi.nlm.nih.gov/pubmed/27298626
https://doi.org/10.3389/fcell.2022.731831
https://www.ncbi.nlm.nih.gov/pubmed/35478969
https://doi.org/10.3389/fphar.2020.01251
https://doi.org/10.1016/j.biopha.2024.116425
https://doi.org/10.17221/5118-AGRICECON
https://doi.org/10.1177/2156587216663433
https://doi.org/10.1007/s12035-025-05395-2
https://doi.org/10.1016/j.physbeh.2014.06.003
https://doi.org/10.1016/j.jff.2015.03.001
https://doi.org/10.1007/s11011-019-00401-8
https://doi.org/10.1016/j.ejphar.2023.175954
https://www.ncbi.nlm.nih.gov/pubmed/37541369
https://doi.org/10.1155/2019/4303215
https://doi.org/10.1016/j.pbb.2011.05.008
https://www.ncbi.nlm.nih.gov/pubmed/21620882
https://doi.org/10.1016/j.phymed.2023.155027
https://doi.org/10.1016/j.ibneur.2025.11.014
https://www.ncbi.nlm.nih.gov/pubmed/41399608
https://doi.org/10.4062/biomolther.2018.081
https://doi.org/10.1155/2021/8817309
https://www.ncbi.nlm.nih.gov/pubmed/33564342
https://doi.org/10.3390/molecules28093859
https://doi.org/10.32725/jab.2003.010
https://doi.org/10.3109/13880209.2013.821663
https://doi.org/10.1016/S0014-2999(02)02818-2
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 66 of 72

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

Laakmann, G.; Schiile, C.; Baghai, T.; Kieser, M. St. John’s Wort in Mild to Moderate Depression: The Relevance of Hyperforin for
the Clinical Efficacy. Pharmacopsychiatry 1998, 31, 54-59. [CrossRef]

Ma, Z.; Wang, G.; Cui, L.; Wang, Q. Myricetin Attenuates Depressant-Like Behavior in Mice Subjected to Repeated Restraint
Stress. Int. J. Mol. Sci. 2015, 16, 28377-28385. [CrossRef]

Bansal, S.; Dhingra, D. Pharmacological Screening of Gentisic acid for Antidepressant Activity in Unstressed and Stressed Mice.
Int. ]. Pharm. Investig. 2022, 12, 216-222. [CrossRef]

Bao, X.; Zheng, Z.; Lv, J.; Bao, J.; Chang, S.; Jiang, X.; Xin, Y. Shikimic acid (SA) inhibits neuro-inflammation and exerts
neuroprotective effects in an LPS-induced in vitro and in vivo model. Front. Pharmacol. 2023, 14, 1265571. [CrossRef] [PubMed]
Guo, C; Shi, X;; Luo, B;; Yang, Y.; Huang, J.; Xu, J.; Zheng, R.; Jiang, S.; Chai, ]. Isovaleric acid ameliorates chronic restraint stress
and resists inflammation by inhibiting NF-«B activation in mice. J. Nutr. Biochem. 2025, 144, 109955. [CrossRef] [PubMed]
Kuvrak, S.; Goktiirk, T.; Kivrak, I. Determination of phenolic composition of Tilia tomentosa flowers using UPLC-ESI-MS/MS. Int.
J. Second. Metab. 2017, 4, 249-256. [CrossRef]

Moradi Vastegani, S.; Hajipour, S.; Sarkaki, A.; Basir, Z.; Parisa Navabi, S.; Farbood, Y.; Khoshnam, S.E. Curcumin mitigates
lipopolysaccharide-induced anxiety /depression-like behaviors, blood-brain barrier dysfunction and brain edema by decreasing
cerebral oxidative stress in male rats. Neurosci. Lett. 2022, 782, 136697. [CrossRef] [PubMed]

Song, A.; Wu, Z.; Zhao, W.; Shi, W.; Cheng, R; Jiang, J.; Ni, Z.; Qu, H.; Qiaolongbatu, X.; Fan, G.; et al. The Role and Mechanism
of Hyperoside against Depression-like Behavior in Mice via the NLRP1 Inflammasome. Medicina 2022, 58, 1749. [CrossRef]

Lee, B.; Sur, B.; Kwon, S.; Yeom, M.; Shim, I.; Lee, H.; Hahm, D.H. Chronic administration of catechin decreases depression and
anxiety-like behaviors in a rat model using chronic corticosterone injections. Biomol. Ther. 2013, 21, 313-322. [CrossRef]
Kosakowska, O.K; Baczek, K.; Przyby}, ].L.; Ejdys, M.; Kuzma, P.; Obiedzinski, M.; Weglarz, Z. Intraspecific variability in the
content of phenolic compounds, essential oil and mucilage of small-leaved lime (Tilia cordata Mill.) from Poland. Ind. Crops Prod.
2015, 78, 58-65. [CrossRef]

Symma, N.; Biitergerds, M.; Sendker, |.; Petereit, F.; Hake, A.; Diifer, M.; Hensel, A. Novel Piperidine and 3, 4-dihydro-2H-pyrrole
Alkaloids from Tilia platyphyllos and Tilia cordata Flowers. Planta Medica 2021, 87, 686-700. [CrossRef]

Stanescu, U.; Hancianu, M.; Gird, C.E. Farmacognozie. Produse Vegetale cu Substante Bioactive; Polirom: Bucuresti, Romania, 2020;
ISBN 978-973-46-7996-6.

Tong, Y.; Fu, H.; Xia, C.; Song, W.; Li, Y; Zhao, J.; Zhang, X.; Gao, X.; Yong, J.; Liu, Q.; et al. Astragalin Exerted Antidepressant-like
Action through SIRT1 Signaling Modulated NLRP3 Inflammasome Deactivation. ACS Chem. Neurosci. 2020, 11, 1495-1503.
[CrossRef]

Chéavez-Morales, Y.; Jiménez-Ferrer, E.; Martinez-Hernandez, G.B.; Tortoriello, J.; Roman-Ramos, R.; Zamilpa, A.; Herrera-Ruiz,
M. Effect of Standardized Fractions and Tiliroside from Leaves of Tilia americana on Depression Tests in Mice. Iran. J. Pharm. Res.
2019, 18, 1931-1946. [CrossRef]

Vieira, G.; Cavalli, J.; Gongalves, E.C.D.; Braga, S.EP,; Ferreira, R.S.; Santos, A.R.S.; Cola, M.; Raposo, N.R.B.; Capasso, R.; Dutra,
R.C. Antidepressant-Like Effect of Terpineol in an Inflammatory Model of Depression: Involvement of the Cannabinoid System
and D2 Dopamine Receptor. Biomolecules 2020, 10, 792. [CrossRef] [PubMed]

Mashayekhpour, M.A.; Hajizadeh Moghaddam, A.; Abouhosseini Tabari, M.; Ranjbar, M. Neuroprotective effects of
nanophytosome-encapsulated citral in a mouse model of chronic unpredictable mild stress through the suppression of ox-
idative stress and inflammation. Biomed. Pharmacother. 2025, 189, 118280. [CrossRef]

Irie, Y. Effects of eugenol on the central nervous system: Its possible application to treatment of Alzheimer’s disease, depression,
and Parkinson’s disease. Curr. Bioact. Compd. 2006, 2, 57-66. [CrossRef]

Ahmed, Z; Tokhi, A.; Arif, M.; Rehman, N.U.; Sheibani, V.; Rauf, K.; Sewell, R.D.E. Fraxetin attenuates disrupted behavioral and
central neurochemical activity in a model of chronic unpredictable stress. Front. Pharmacol. 2023, 14, 1135497. [CrossRef]
Goudjil, S.; Boussekine, S.; Goudjil, S.; Goudjil, H.; Yilmaz, M.A.; Ola, M.S.; Ali, A.; Cakir, O. Investigation of Algerian Crataegus
monogyna Jacq Phenolic Compounds (Using LC-ESI-MS/MS Analysis, Antioxidant Activity, and Enzyme Inhibition) and Their
Potential Implications for Food and Nutraceutical Applications. Antioxidants 2024, 13, 1350. [CrossRef] [PubMed]

Nabavi, S.F.; Habtemariam, S.; Ahmed, T.; Sureda, A.; Daglia, M.; Sobarzo-Séanchez, E.; Nabavi, S.M. Polyphenolic Composition
of Crataegus monogyna Jacq.: From Chemistry to Medical Applications. Nutrients 2015, 7, 7708-7728. [CrossRef]

Park, Y.; Paing, YM.M.; Cho, N.; Kim, C.; Yoo, ].; Choi, ].W.; Lee, S.H. Quinic Acid Alleviates Behavior Impairment by Reducing
Neuroinflammation and MAPK Activation in LPS-Treated Mice. Biomol. Ther. 2024, 32, 309-318. [CrossRef]

Chang, C.S,; Shen, Y.C.; Juan, C.W.; Chang, C.L.; Lin, PK. Protective Effects of Crataegus pinnatifida Extracts and Crataegolic
Acid Against Neurotoxicity of Paraquat in PC12 Cells. Curr. Top. Nutraceutical Res. 2022, 20, 76-83. [CrossRef]

Abrishamdar, M.; Farbood, Y.; Sarkaki, A.; Rashno, M.; Badavi, M. Evaluation of betulinic acid effects on pain, memory, anxiety,
catalepsy, and oxidative stress in animal model of Parkinson’s disease. Metab. Brain Dis. 2023, 38, 467-482. [CrossRef] [PubMed]
Panayotis, N.; Freund, P.A.; Marvaldi, L.; Shalit, T.; Brandis, A.; Mehlman, T.; Tsoory, M.M.; Fainzilber, M. (3-sitosterol reduces
anxiety and synergizes with established anxiolytic drugs in mice. Cell Rep. Med. 2021, 2, 100281. [CrossRef]

https://doi.org/10.3390 /biomedicines14051019


https://doi.org/10.1055/s-2007-979346
https://doi.org/10.3390/ijms161226102
https://doi.org/10.5530/ijpi.2022.2.38
https://doi.org/10.3389/fphar.2023.1265571
https://www.ncbi.nlm.nih.gov/pubmed/38026972
https://doi.org/10.1016/j.jnutbio.2025.109955
https://www.ncbi.nlm.nih.gov/pubmed/40460942
https://doi.org/10.21448/ijsm.371721
https://doi.org/10.1016/j.neulet.2022.136697
https://www.ncbi.nlm.nih.gov/pubmed/35642797
https://doi.org/10.3390/medicina58121749
https://doi.org/10.4062/biomolther.2013.004
https://doi.org/10.1016/j.indcrop.2015.10.002
https://doi.org/10.1055/a-1340-0099
https://doi.org/10.1021/acschemneuro.0c00156
https://doi.org/10.22037/ijpr.2019.1100883
https://doi.org/10.3390/biom10050792
https://www.ncbi.nlm.nih.gov/pubmed/32443870
https://doi.org/10.1016/j.biopha.2025.118280
https://doi.org/10.2174/1573407210602010057
https://doi.org/10.3389/fphar.2023.1135497
https://doi.org/10.3390/antiox13111350
https://www.ncbi.nlm.nih.gov/pubmed/39594492
https://doi.org/10.3390/nu7095361
https://doi.org/10.4062/biomolther.2023.184
https://doi.org/10.37290/ctnr2641-452X.20:76-83
https://doi.org/10.1007/s11011-022-00962-1
https://www.ncbi.nlm.nih.gov/pubmed/35708868
https://doi.org/10.1016/j.xcrm.2021.100281
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 67 of 72

161.

162.

163.

164.

165.

166.

167.
168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

Martinez-Damas, M.G.; Genis-Mendoza, A.D.; Pérez-de la Cruz, V.; Canela-Tellez, G.D.; Jiménez-Estrada, I.; Nicolini-Sanchez,
J.H.; Ramos-Chavez, L.A.; Garcia, S.; Ramirez-Ramirez, M.; Coral-Vazquez, R. M. Epicatechin treatment generates resilience to
chronic mild stress-induced depression in a murine model. Physiol. Behav. 2021, 238, 113466. [CrossRef]

Jiang, X.; Liu, J.; Lin, Q.; Mao, K;; Tian, F; Jing, C.; Wang, C.; Ding, L.; Pang, C. Proanthocyanidin prevents lipopolysaccharide-
induced depressive-like behavior in mice via neuroinflammatory pathway. Brain Res. Bull. 2017, 135, 40-46. [CrossRef]

Can, O.D.; Demir Ozkay, U.; Ucel, U. Anti-depressant-like effect of vitexin in BALB/c mice and evidence for the involvement of
monoaminergic mechanisms. Eur. . Pharmacol. 2013, 699, 250-257. [CrossRef]

Liu, Y;; Lan, N.; Ren, J.; Wu, Y.; Wang, S.T.; Huang, X.E; Yu, Y. Orientin improves depression-like behavior and BDNF in chronic
stressed mice. Mol. Nutr. Food Res. 2015, 59, 1130-1142. [CrossRef] [PubMed]

Zhang, L.; Liu, C.; Yuan, M. Eriodictyol produces antidepressant-like effects and ameliorates cognitive impairments induced by
chronic stress. Neuroreport 2020, 31, 1111-1120. [CrossRef]

Ali, A.E; Alj, S.; EI-Rhman, S.; El, M.M.A. Brine-shrimp lethality bioassay of different extracts of the medicinal plant matricaria
(chamomilla) flowers. Res. Sq. 2020, 4, 10-15. [CrossRef]

Franke, R.; Schilcher, H. Chamomile: Industrial Profiles, 1st ed.; CRC Press: Boca Raton, FL, USA, 2005; ISBN 978-0-203-0238-2.
Saadatmand, S.; Zohroudi, F.; Tangestani, H. The Effect of Oral Chamomile on Anxiety: A Systematic Review of Clinical Trials.
Clin. Nutr. Res. 2024, 13, 139-147. [CrossRef] [PubMed]

Ionita, R.; Postu, P.A.; Cioanca, O.; Mircea, C.; Hancianu, M.; Hritcu, L. Anxiolytic and antidepressant effects of Matricaria
chamomilla hydroalcoholic extract in a rat model of scopolamine. Farmacia 2019, 67, 68-72. [CrossRef]

Reis, L.S.L.S.; Pardo, P.E.; Oba, E.; Kronka, S.N.; Frazatti-Gallina, N.M. Matricaria chamomilla CH12 decreases handling stress in
Nelore calves. . Veter Sci. 2006, 7, 189-192. [CrossRef]

Amsterdam, ].D.; Li, Q.S.; Xie, S.X.; Mao, ].J. Putative Antidepressant Effect of Chamomile (Matricaria chamomilla L.) Oral Extract in
Subjects with Comorbid Generalized Anxiety Disorder and Depression. J. Altern. Complement. Med. 2020, 26, 813-819. [CrossRef]
[PubMed]

Bazrafshan, M.R.; Masmouei, B.S.; Omid Delam, H. Comparison of the effectiveness of lavender and chamomile herbal tea
on anxiety and depression in postmenopausal women: A randomized controlled trial. Women’s Health Bull. 2022, 9, 172-180.
[CrossRef]

Jenabi, E.; Ebrahimzadeh, S. Studying the effect of chamomile tea on improving primary dysmenorrhea. Iran. J. Obstet. Gynecol.
Infertil. 2010, 13, 39—45. [CrossRef]

Kalantari, H.; Ashrafi Dashtearjandi, A.; Kalantar, E. Genotoxicity study of Hypiran and Chamomilla herbal drugs determined by
in vivo supervital micronucleus assay with mouse peripheral reticulocytes. Acta Biol. Hung. 2009, 60, 177-183. [CrossRef]
Trabace, L.; Tucci, P; Ciuffreda, L.; Matteo, M.; Fortunato, F; Campolongo, P.; Trezza, V.; Cuomo, V. “Natural” relief of
pregnancy-related symptoms and neonatal outcomes: Above all do no harm. J. Ethnopharmacol. 2015, 174, 396-402. [CrossRef]
[PubMed]

Johns, T.; Sibeko, L. Pregnancy outcomes in women using herbal therapies. Birth Defects Res. Part. B Dev. Reprod. Toxicol. 2003,
68, 501-504. [CrossRef] [PubMed]

Reider, N.; Sepp, N.; Fritsch, P.; Weinlich, G.; Jensen-Jarolim, E. Anaphylaxis to camomile: Clinical features and allergen
cross-reactivity. Clin. Exp. Allergy 2000, 30, 1436—1443. [CrossRef]

Benner, M.H.; Lee, H.]. Anaphylactic reaction to chamomile tea. . Allergy Clin. Immunol. 1973, 52, 307-308. [CrossRef]
Casterline, C.L. Allergy to chamomile tea. JAMA 1980, 244, 330-331. [CrossRef]

Yu, X.; Li, G; Liu, J.; Chen, Y.; Wang, F. Anxiolytic Effects of Natural Products: Pathological Mechanisms, Molecular Targets,
Therapeutic Prospects. Neuropsychiatr. Dis. Treat. 2025, 21, 2623-2653. [CrossRef]

Kashpur, N.V.; Yurchenko, N.S.; Ilyina, T.V.; Kovalyova, A.M.; Goryacha, O.V.; Smilyanska, M.V.; Peremot, S.D. The immunomod-
ulatory effect of Asperula odorata L. and Asperula humifusa M. Bieb. Besser dry extracts. Clin. Pharm. 2015, 19, 56-58. [CrossRef]
Pandey, P; Khan, F; Seifeldin, S.A.; Alshaghdali, K.; Siddiqui, S.; Abdelwadoud, M.E.; Vyas, M.; Saeed, M.; Mazumder, A.; Saeed,
A. Targeting Wnt/ 3-Catenin Pathway by Flavonoids: Implication for Cancer Therapeutics. Nutrients 2023, 15, 2088. [CrossRef]
Liu, A.R.; Ramakrishnan, P. Regulation of nuclear factor-kappaB function by O-glcNAcylation in inflammation and cancer. Front.
Cell Dev. Biol. 2021, 9, 751761. [CrossRef] [PubMed]

Archit, G.; Darla, M.M.; Mahesh, G.; Chandramouli, M.; Cirandur, S.R.; Rajagopal, S. Elucidation of the Binding Mechanism of
Coumarin Derivatives with Human Serum Albumin. PLoS ONE 2013, 8, €63805. [CrossRef]

Cooke, D. Studies on the Mode of Action of Coumarins (Coumarin, 6-Hydroxycoumarin, 7-Hydroxycoumarin
& Esculetin) at a Cellular Level. Ph.D. Thesis, Dublin City University, Dublin, Ireland, 1999. Available online:
https://doras.dcu.ie/18438/1/Deirdre_A_Cooke.pdf (accessed on 28 March 2026).

Bundesamt fiir Verbraucherschutz und Lebensmittelsicherheit. List of Substances of the Competent Federal Government and Federal
State Authorities—Category “Plants and Plant Parts”; Springer: Cham, Switzerland, 2014; pp. 9-141.

https://doi.org/10.3390 /biomedicines14051019


https://doi.org/10.1016/j.physbeh.2021.113466
https://doi.org/10.1016/j.brainresbull.2017.09.010
https://doi.org/10.1016/j.ejphar.2012.10.017
https://doi.org/10.1002/mnfr.201400753
https://www.ncbi.nlm.nih.gov/pubmed/25788013
https://doi.org/10.1097/WNR.0000000000001525
https://doi.org/10.21203/rs.3.rs-106834/v1
https://doi.org/10.7762/cnr.2024.13.2.139
https://www.ncbi.nlm.nih.gov/pubmed/38784853
https://doi.org/10.31925/farmacia.2019.1.9
https://doi.org/10.4142/jvs.2006.7.2.189
https://doi.org/10.1089/acm.2019.0252
https://www.ncbi.nlm.nih.gov/pubmed/31808709
https://doi.org/10.30476/WHB.2022.94844.1172
https://doi.org/10.22038/ijogi.2010.5872
https://doi.org/10.1556/ABiol.60.2009.2.5
https://doi.org/10.1016/j.jep.2015.08.046
https://www.ncbi.nlm.nih.gov/pubmed/26325431
https://doi.org/10.1002/bdrb.10052
https://www.ncbi.nlm.nih.gov/pubmed/14745987
https://doi.org/10.1046/j.1365-2222.2000.00902.x
https://doi.org/10.1016/0091-6749(73)90050-X
https://doi.org/10.1001/jama.1980.03310040014006
https://doi.org/10.2147/NDT.S571692
https://doi.org/10.24959/cphj.15.1323
https://doi.org/10.3390/nu15092088
https://doi.org/10.3389/fcell.2021.751761
https://www.ncbi.nlm.nih.gov/pubmed/34722537
https://doi.org/10.1371/journal.pone.0063805
https://doras.dcu.ie/18438/1/Deirdre_A_Cooke.pdf
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 68 of 72

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

Authority, E.ES. Coumarin in flavourings and other food ingredients with flavouring properties—Scientific Opinion of the Panel
on Food Additives, Flavourings, Processing Aids and Materials in Contact with Food (AFC). EFSA J. 2008, 6, 793. [CrossRef]
Haybar, H.; Javid, A.Z.; Haghighizadeh, M.H.; Valizadeh, E.; Mohaghegh, S.M.; Mohammadzadeh, A. The effects of Melissa
officinalis supplementation on depression, anxiety, stress, and sleep disorder in patients with chronic stable angina. Clin. Nutr.
ESPEN 2018, 26, 47-52. [CrossRef]

Kennedy, D.O.; Little, W.; Haskell, C.E; Scholey, A.B. Anxiolytic effects of a combination of Melissa officinalis and Valeriana
officinalis during laboratory induced stress. Phytother. Res. 2006, 20, 96-102. [CrossRef]

Oliveira, M.V.B.; Garguerra, ].A.; Lamas, C.B.; Laurindo, L.E;; Rodrigues, V.D.; Sloan, K.P; Sloan, L.A.; Chagas, E.EB.; Guiguer,
E.L.; Detregiachi, C.R.P; et al. Unraveling the Effects of Melissa officinalis L. on Cognition and Sleep Quality: A Narrative Review.
Int. J. Mol. Sci. 2025, 26, 10566. [CrossRef] [PubMed]

Ghazizadeh, J.; Hamedeyazdan, S.; Torbati, M.; Farajdokht, F.; Fakhari, A.; Mahmoudi, J.; Araj-Khodaei, M.; Sadigh-Eteghad, S.
Melissa officinalis L. hydro-alcoholic extract inhibits anxiety and depression through prevention of central oxidative stress and
apoptosis. Exp. Physiol. 2020, 105, 707-720. [CrossRef] [PubMed]

Bruni, O.; Ferini-Strambi, L.; Giacomoni, E.; Pellegrino, P. Herbal Remedies and Their Possible Effect on the GABAergic System
and Sleep. Nutrients 2021, 13, 530. [CrossRef]

Ramanauskiene, K.; Raudonis, R.; Majiene, D. Rosmarinic Acid and Melissa officinalis Extracts Differently Affect Glioblastoma
Cells. Oxid. Med. Cell. Longev. 2016, 2016, 1564257. [CrossRef] [PubMed]

Akhondzadeh, S.; Noroozian, M.; Mohammadi, M.; Ohadinia, S.; Jamshidi, A.H.; Khani, M. Melissa officinalis extract in the
treatment of patients with mild to moderate Alzheimer’s disease: A double blind, randomised, placebo controlled trial. ]. Neurol.
Neurosurg. Psychiatry 2003, 74, 863-866. [CrossRef]

Shirazi, M.; Jalalian, M.N.; Abed, M.; Ghaemi, M. The Effectiveness of Melissa officinalis L. versus Citalopram on Quality of Life of
Menopausal Women with Sleep Disorder: A Randomized Double-Blind Clinical Trial. Rev. Bras. Ginecol. Obs. 2021, 43, 126-130.
[CrossRef]

Kennedy, D.O.; Scholey, A.B.; Tildesley, N.T.; Perry, E.K.; Wesnes, K.A. Modulation of mood and cognitive performance following
acute administration of Melissa officinalis (lemon balm). Pharmacol. Biochem. Behav. 2002, 72, 953-964. [CrossRef]

Mahita, M.; Abuhamdah, R.; Howes, M.].; Ennaceur, A.; Abuhamdah, S.; Chazot, P. Identification of a novel GABAA receptor
channel ligand derived from Melissa officinalis and Lavandula angustifolia essential oils. Eur. ]. Med. Plants 2014, 4, 810-818.
[CrossRef]

Bounihi, A.; Hajjaj, G.; Alnamer, R.; Cherrah, Y.; Zellou, A. In Vivo Potential Anti-Inflammatory Activity of Melissa officinalis L.
Essential Oil. Adv. Pharmacol. Pharm. Sci. 2013, 2013, 101759. [CrossRef]

Bhat, J.U.; Nizami, Q.; Aslam, M.; Asiaf, A.; Ahmad, S.T.; Parray, S.A. Antiepileptic activity of the whole plant extractof Melissa
officinalis in swiss albino mice. Int. J. Pharm. Sci. Res. 2012, 3, 886. [CrossRef]

de Carvalho, N.C.; Corréa-Angeloni, M.].E;; Leffa, D.D.; Moreira, J.; Nicolau, V.; Amaral, P.A.; Rossatto, A.E.; Moraes de Andrade,
V. Evaluation of the genotoxic and antigenotoxic potential of Melissa officinalis in mice. Genet. Mol. Biol. 2011, 34, 290-297.
[CrossRef] [PubMed]

Noguchi-Shinohara, M.; Ono, K.; Hamaguchi, T.; Iwasa, K.; Nagai, T.; Kobayashi, S.; Nakamura, H.; Yamada, M. Pharmacokinetics,
safety and tolerability of Melissa officinalis extract which contained rosmarinic acid in healthy individuals: A randomized controlled
trial. PLoS ONE 2015, 10, e0126422. [CrossRef]

Ebadollahi, A.; Ashrafi Parchin, R.; Farjaminezhad, M. Phytochemistry, toxicity and feeding inhibitory activity of Melissa officinalis
L. essential oil against a cosmopolitan insect pest; Tribolium castaneum Herbst. Toxin Rev. 2016, 35, 77-82. [CrossRef]
Stojanovi¢, N.M.; Randjelovi¢, PJ.; Mladenovi¢, M.Z; Ili¢, L.R.; Petrovi¢, V.; Stojiljkovi¢, N.; Ili¢, S.; Radulovi¢, N.S. Toxic essential
oils, part VI: Acute oral toxicity of lemon balm (Melissa officinalis L.) essential oil in BALB/c mice. Food Chem. Toxicol. 2019,
133, 110794. [CrossRef]

Mitkowska-Leyck, K.; Filipek, B.; Strzelecka, H. Pharmacological effects of lavandulifolioside from Leonurus cardiaca. J. Ethnophar-
macol. 2002, 80, 85-90. [CrossRef]

Liu, S.; Sun, C.; Tang, H.; Peng, C.; Peng, F. Leonurine: A comprehensive review of pharmacokinetics, pharmacodynamics, and
toxicology. Front. Pharmacol. 2024, 15, 1428406. [CrossRef]

Rauwald, H.-W.; Savtschenko, A.; Merten, A.; Rusch, C.; Appel, K.; Kuchta, K. GABAA Receptor Binding Assays of Standardized
Leonurus cardiaca and Leonurus japonicus Extracts as Well as Their Isolated Constituents. Planta Med. 2015, 81, 1103-1110.
[CrossRef]

Shikov, A.N.; Pozharitskaya, O.N.; Makarov, V.G.; Demchenko, D.V.; Shikh, E.V. Effect of Leonurus cardiaca oil extract in patients
with arterial hypertension accompanied by anxiety and sleep disorders. Phytother. Res. 2011, 25, 540-543. [CrossRef]

Abebe, W. Herbal medication: Potential for adverse interactions with analgesic drugs. J. Clin. Pharm. Ther. 2002, 27, 391-401.
[CrossRef] [PubMed]

https://doi.org/10.3390 /biomedicines14051019


https://doi.org/10.2903/j.efsa.2008.793
https://doi.org/10.1016/j.clnesp.2018.04.015
https://doi.org/10.1002/ptr.1787
https://doi.org/10.3390/ijms262110566
https://www.ncbi.nlm.nih.gov/pubmed/41226605
https://doi.org/10.1113/EP088254
https://www.ncbi.nlm.nih.gov/pubmed/32003913
https://doi.org/10.3390/nu13020530
https://doi.org/10.1155/2016/1564257
https://www.ncbi.nlm.nih.gov/pubmed/27688825
https://doi.org/10.1136/jnnp.74.7.863
https://doi.org/10.1055/s-0040-1721857
https://doi.org/10.1016/S0091-3057(02)00777-3
https://doi.org/10.9734/EJMP/2014/9397
https://doi.org/10.1155/2013/101759
https://doi.org/10.13040/IJPSR.0975-8232.3(3).886-89
https://doi.org/10.1590/S1415-47572011000200021
https://www.ncbi.nlm.nih.gov/pubmed/21734832
https://doi.org/10.1371/journal.pone.0126422
https://doi.org/10.1080/15569543.2016.1199572
https://doi.org/10.1016/j.fct.2019.110794
https://doi.org/10.1016/S0378-8741(02)00016-8
https://doi.org/10.3389/fphar.2024.1428406
https://doi.org/10.1055/s-0035-1546234
https://doi.org/10.1002/ptr.3292
https://doi.org/10.1046/j.1365-2710.2002.00444.x
https://www.ncbi.nlm.nih.gov/pubmed/12472978
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 69 of 72

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.
226.

227.

228.
229.

230.

231.

232.

233.

Izzo, A.A.; Ernst, E. Interactions between herbal medicines and prescribed drugs: An updated systematic review. Drugs 2009,
69, 1777-1798. [CrossRef] [PubMed]

Wojtyniak, K.; Szymarniski, M.; Mattawska, I. Leonurus cardiaca L. (Motherwort): A Review of its Phytochemistry and Pharmacology.
Phytother. Res. 2013, 27, 1115-1120. [CrossRef]

Ogasawara, J.; Kitadate, K.; Nishioka, H.; Fujii, H.; Sakurai, T.; Kizaki, T.; Izawa, T.; Ishida, H.; Ohno, H. Comparison of the
effect of oligonol, a new lychee fruit-derived low molecular form of polyphenol, and epigallocatechin-3-gallate on lipolysis in rat
primary adipocytes. Phytother. Res. 2011, 25, 467-471. [CrossRef] [PubMed]

Avalos, J.; Maibach, H.I. Dermatologic Botany; CRC Press: Boca Raton, FL, USA, 1999; ISBN 0-8493-7361-1.

Ogbomade, S.J.; Felix, D.; Otobo, M.B.; Peters, D.E.; Onyeike, E.N.; Wellington, E.O. Acute, Sub-acute and Chronic Toxicity
Evaluation of Aqueous Extract of the Aerial Parts of Leonurus cardiaca in Normal Non-pregnant Female Wistar Albino Rats per
OECD 425 TG. |. Appl. Life Sci. Int. 2022, 25, 1-17. [CrossRef]

Nathan, P.J. Hypericum perforatum (St John’s Wort): A non-selective reuptake inhibitor? A review of the recent advances in its
pharmacology. J. Psychopharmacol. 2001, 15, 47-54. [CrossRef] [PubMed]

Otero, M.C,; Ceric, F.; Miranda-Rojas, S.; Carrefo, C.; Escares, R.; Escobar, M.].; Saracini, C.; Atala, C.; Ramirez-Barrantes, R.;
Gordillo-Fuenzalida, F. Documentary Analysis of Hypericum perforatum (St. John’s Wort) and Its Effect on Depressive Disorders.
Pharmaceuticals 2024, 17, 1625. [CrossRef] [PubMed]

Singer, A.; Wonnemann, M.; Miiller, W.E. Hyperforin, a Major Antidepressant Constituent of St. John’s Wort, Inhibits Serotonin
Uptake by Elevating Free Intracellular Na*!l. J. Pharmacol. Exp. Ther. 1999, 290, 1363-1368. [CrossRef]

El Hamdaoui, Y.; Zheng, F; Fritz, N.; Ye, L.; Tran, M.A.; Schwickert, K.; Schirmeister, T.; Braeuning, A.; Lichtenstein, D.; Hellmich,
U.A,; et al. Analysis of hyperforin (St. John’s wort) action at TRPC6 channel leads to the development of a new class of
antidepressant drugs. Mol. Psychiatry 2022, 27, 5070-5085. [CrossRef]

Sangiovanni, E.; Brivio, P; Dell’Agli, M.; Calabrese, F. Botanicals as Modulators of Neuroplasticity: Focus on BDNF. Neural Plast.
2017, 2017, 5965371. [CrossRef] [PubMed]

Leuner, K.; Kazanski, V.; Miiller, M.; Essin, K.; Henke, B.; Gollasch, M.; Harteneck, C.; Miiller, W.E. Hyperforin--a key constituent
of St. John’s wort specifically activates TRPC6 channels. Faseb J. 2007, 21, 4101-4111. [CrossRef]

Treiber, K; Singer, A.; Henke, B.; Miiller, W.E. Hyperforin activates nonselective cation channels (NSCCs). Br. J. Pharmacol. 2005,
145, 75-83. [CrossRef]

Crupi, R;; Mazzon, E.; Marino, A.; La Spada, G.; Bramanti, P.; Battaglia, F.; Cuzzocrea, S.; Spina, E. Hypericum perforatum treatment:
Effect on behaviour and neurogenesis in a chronic stress model in mice. BMC Complement. Altern. Med. 2011, 11, 7. [CrossRef]
Eatemadnia, A.; Ansari, S.; Abedi, P.; Najar, S. The effect of Hypericum perforatum on postmenopausal symptoms and depression:
A randomized controlled trial. Complement. Ther. Med. 2019, 45, 109-113. [CrossRef]

Kalbermatten, N.; Saller, R. St John’s Wort (Hypericum perforatum) Fresh Plant Tincture for Patients with Mild to Moderate
Depression: A Prospective Observational Study. Complement. Med. Res. 2025, 32, 363-375. [CrossRef]

Ernst, E.; Rand, J.I; Barnes, J.; Stevinson, C. Adverse effects profile of the herbal antidepressant St. John’s wort (Hypericum
perforatum L.). Eur. J. Clin. Pharmacol. 1998, 54, 589-594. [CrossRef]

Ernst, E. Second thoughts about safety of St John’s wort. Lancet 1999, 354, 2014-2016. [CrossRef]

Schulz, V.; Hansel, R.; Tyler, V.E. Rational Phytotherapy: A Physician’s Guide to Herbal Medicine; Psychology Press: East Sussex, UK,
2001; ISBN 978-3-642-97706-0.

Linde, K.; Berner, M.M.; Kriston, L. St John’s wort for major depression. Cochrane Database Syst. Rev. 2008, 2008, CD000448.
[CrossRef] [PubMed]

Cupp, M.]J. Herbal remedies: Adverse effects and drug interactions. Am. Fam. Physician 1999, 59, 1239-1244. [PubMed]
Peredelcu, R.; Gonciar, V.; Scutari (Frunze), C.; Cazacu, V.; Casian, 1.C.; Asian, A. Unele particularitati farmacologice ale coptizinei.
Analele Stiintifice Ale USMF ,N. Testemitanu” 2011, 1, 351-354.

Gregoretti, B.; Stebel, M.; Candussio, L.; Crivellato, E.; Bartoli, F; Decorti, G. Toxicity of Hypericum perforatum (St. John’s wort)
administered during pregnancy and lactation in rats. Toxicol. Appl. Pharmacol. 2004, 200, 201-205. [CrossRef]

Ziaja, M.; Pawlowska, K.A; Jozefczyk, K.; Prus, A.; Stefaiska, J.; Granica, S. UHPLC-DAD-MS/MS analysis of extracts from
linden flowers (Tiliae flos): Differences in the chemical composition between five Tilia species growing in Europe. Ind. Crops Prod.
2020, 154, 112691. [CrossRef]

European Directorate for the Quality of Medicines & Health Care Ed. Lime flowers—Tiliae flos. In European Pharmacopoeia, 8th ed.;
Council of Europe: Strasbourg, France, 2008.

European Medicines Agency. Assessment Report on Tilia cordata Miller, Tilia platyphyllos Scop., Tilia x Vulgaris Heyne or Their
Mixtures Flos; EMA/HMPC/346780/2011; Committee on Herbal Medicinal Products: London, UK, 2011. Available online:
https:/ /www.ema.europa.eu/en/documents/herbal-report/draft-assessment-report-tilia-tomentosa-moench-flos_en.pdf (ac-
cessed on 23 February 2026).

https://doi.org/10.3390 /biomedicines14051019


https://doi.org/10.2165/11317010-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/19719333
https://doi.org/10.1002/ptr.4850
https://doi.org/10.1002/ptr.3296
https://www.ncbi.nlm.nih.gov/pubmed/20830699
https://doi.org/10.9734/jalsi/2022/v25i6580
https://doi.org/10.1177/026988110101500109
https://www.ncbi.nlm.nih.gov/pubmed/11277608
https://doi.org/10.3390/ph17121625
https://www.ncbi.nlm.nih.gov/pubmed/39770466
https://doi.org/10.1016/S0022-3565(24)35043-8
https://doi.org/10.1038/s41380-022-01804-3
https://doi.org/10.1155/2017/5965371
https://www.ncbi.nlm.nih.gov/pubmed/29464125
https://doi.org/10.1096/fj.07-8110com
https://doi.org/10.1038/sj.bjp.0706155
https://doi.org/10.1186/1472-6882-11-7
https://doi.org/10.1016/j.ctim.2019.05.028
https://doi.org/10.1159/000547920
https://doi.org/10.1007/s002280050519
https://doi.org/10.1016/S0140-6736(99)00418-3
https://doi.org/10.1002/14651858.CD000448.pub3
https://www.ncbi.nlm.nih.gov/pubmed/18843608
https://www.ncbi.nlm.nih.gov/pubmed/10088878
https://doi.org/10.1016/j.taap.2004.04.020
https://doi.org/10.1016/j.indcrop.2020.112691
https://www.ema.europa.eu/en/documents/herbal-report/draft-assessment-report-tilia-tomentosa-moench-flos_en.pdf
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 70 of 72

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

Toker, G.; Kiipeli, E.; Memisoglu, M.; Yesilada, E. Flavonoids with antinociceptive and anti-inflammatory activities from the
leaves of Tilia argentea (silver linden). J. Ethnopharmacol. 2004, 95, 393-397. [CrossRef]

Motti, R.; de Falco, B. Traditional Herbal Remedies Used for Managing Anxiety and Insomnia in Italy: An Ethnopharmacological
Overview. Horticulturae 2021, 7, 523. [CrossRef]

Allio, A.; Calorio, C.; Franchino, C.; Gavello, D.; Carbone, E.; Marcantoni, A. Bud extracts from Tilia tomentosa Moench inhibit
hippocampal neuronal firing through GABAA and benzodiazepine receptors activation. J. Ethnopharmacol. 2015, 172, 288-296.
[CrossRef] [PubMed]

Cerantola, S.; Faggin, S.; Annaloro, G.; Mainente, F; Filippini, R.; Savarino, E.V.; Piovan, A.; Zoccatelli, G.; Giron, M.C. Influence
of Tilia tomentosa Moench Extract on Mouse Small Intestine Neuromuscular Contractility. Nutrients 2021, 13, 3505. [CrossRef]
Chinou, I. Assessment Report on Tilia cordata Miller, Tilia platyphyllos Scop., Tilia x Vulgaris Heyne or Their Mixtures, Flos. 2012.
EMA /HMPC/337067/2011. Available online: https:/ /www.innerpath.com.au/matmed /research/Tilia%5EplatyphyllosEMA.pdf
(accessed on 18 April 2026).

Knoss, W. Harmonization of regulatory requirements in Europe to ensure quality, safety and efficacy of herbal medicinal products.
In Evidence-Based Validation of Herbal Medicine; Elsevier: Amsterdam, The Netherlands, 2015; pp. 201-216. [CrossRef]

Mitrovié, M.; Kosti¢, O.; Mileti¢, Z.; Markovi¢, M.; Radulovié¢, N.; Sekuli¢, D.; Jari¢, S.; Pavlovi¢, P. Bioaccumulation of Potentially
Toxic Elements in Tilia tomentosa Moench Trees from Urban Parks and Potential Health Risks from Using Leaves and Flowers for
Medicinal Purposes. Forests 2023, 14, 2204. [CrossRef]

Ferreira, T.; Nascimento-Gongalves, E.; Macedo, S.; Borges, I.; Gama, A.; da Costa, R M.G.; Neuparth, M.].; Lanzarin, G.; Venancio,
C.; Félix, L. Toxicological and anti-tumor effects of a linden extract (Tilia platyphyllos Scop.) in a HPV16-transgenic mouse model.
Food Funct. 2021, 12, 4005-4014. [CrossRef]

Hanus, M.; Lafon, J.; Mathieu, M. Double-blind, randomised, placebo-controlled study to evaluate the efficacy and safety of a fixed
combination containing two plant extracts (Crataegus oxyacantha and Eschscholtzia californica) and magnesium in mild-to-moderate
anxiety disorders. Curr. Med. Res. Opin. 2004, 20, 63-71. [CrossRef]

Can, O.D,; Ozkay, U.D.; Oztiirk, N.; Oztiirk, Y. Effects of hawthorn seed and pulp extracts on the central nervous system. Pharm.
Biol. 2010, 48, 924-931. [CrossRef]

Masumeh, A.; Sepehr, G.; Hassan, A.; Mohsen, B.; Mohammad, K.; Tara, R.; Seyede, S.N. Efficacy of Hawthorn Fruit Extract on
Blood Pressure and Quality of Sleep in Patients with Hypertension along with Sleep Disorders: A Randomized Double-Blind
Controlled Trial. J. Contemp. Med. Sci. 2021, 7, 196-201. [CrossRef]

Rigelsky, ].M.; Sweet, B.V. Hawthorn: Pharmacology and therapeutic uses. Am. J. Health Syst. Pharm. 2002, 59, 417-422. [CrossRef]
Daniele, C.; Mazzanti, G.; Pittler, M.H.; Ernst, E. Adverse-event profile of Crataegus spp.: A systematic review. Drug Saf. 2006,
29, 523-535. [CrossRef] [PubMed]

Allahverdiyev, A.; Duran, N.; Ozguve, M.; Koltas, S. Antiviral activity of the volatile oils of Melissa officinalis L. against Herpes
simplex virus type-2. Phytomedicine 2004, 11, 657-661. [CrossRef]

Blumenthal, M.; Goldberg, A.; Brinckmann, J. Herbal Medicine. Expanded Commission E Monographs; Integrative Medicine
Communications: Nutley, NJ, USA, 2000; ISBN 0-9670772-1-4.

Flade, ].; Kelber, O.; Nieber, K.; Feistel, B. Genotoxicity Assessment of Hypericum perforatum Dry Extracts in the Ames Test Based
on the “Bracketing and Matrixing” Concept. Planta Med. 2025, 5, 520-594. [CrossRef] [PubMed]

Sanchez, M.; Gonzélez-Burgos, E.; Gémez-Serranillos, M.P. The pharmacology and clinical efficacy of matricaria recutita L.:
A systematic review of in vitro, in vivo studies and clinical trials. Food Rev. Int. 2022, 38, 1668-1702. [CrossRef]

European Medicines Agency. Community Herbal Monograph on Melissa officinalis L. Folium. 2013. EMA /HMPC/196745/2012.
Available online: https:/ /www.ema.europa.eu/en/documents/herbal-monograph/final-community-herbal-monograph-melissa-
officinalis-l-folium_en.pdf.

European Medicines Agency. Call for Scientific Data for the Periodic Review of the Monograph on Leonuri cardiacae herba. 2026.
EMA /HMPC/56725/2026. Available online: https:/ /www.ema.europa.eu/en/documents/herbal-call-data/call-scientific-data-
periodic-review-monograph-leonuri-cardiacae-herba_en.pdf (accessed on 18 April 2026).

European Medicines Agency. Assessment Report on Crataegus spp. Folium Cum Flore. 2016. EMA/HMPC/159076/2014.
Available online: https:/ /www.ema.europa.eu/en/documents/herbal-report/final-assessment-report-crataegus-spp-folium-
cum-flore_en.pdf (accessed on 18 April 2026).

Bradic, J.; Petkovic, A.; Tomovic, M. Phytochemical and Pharmacological Properties of Some Species of the Genus Galium L.
Galium verum and Mollugo. Ser. . Exp. Clin. Res. 2021, 22, 187-193. [CrossRef]

Cohen, S. Compositions and Methods for Treating Insomnia and Other Sleep Related Disorders. U.S. Patent US10369182B2,
6 August 2019. Available online: https://patentimages.storage.googleapis.com/89/f4/83/0b1021e4ca9686/US10369182.pdf
(accessed on 18 April 2026).

James, W.L. Dietary Supplement Formulations for Promoting Sleep. U.S. Patent US10517322B1, 31 December 2019. Available
online: https://patentimages.storage.googleapis.com/04/87/13/509d230a6f34b2 /US10517322.pdf (accessed on 18 April 2026).

https:/ /doi.org/10.3390/biomedicines14051019


https://doi.org/10.1016/j.jep.2004.08.008
https://doi.org/10.3390/horticulturae7120523
https://doi.org/10.1016/j.jep.2015.06.016
https://www.ncbi.nlm.nih.gov/pubmed/26144285
https://doi.org/10.3390/nu13103505
https://www.innerpath.com.au/matmed/research/Tilia%5EplatyphyllosEMA.pdf
https://doi.org/10.1016/B978-0-12-800874-4.00009-X
https://doi.org/10.3390/f14112204
https://doi.org/10.1039/D1FO00225B
https://doi.org/10.1185/030079903125002603
https://doi.org/10.3109/13880200903305500
https://doi.org/10.22317/jcms.v7i4.1017
https://doi.org/10.1093/ajhp/59.5.417
https://doi.org/10.2165/00002018-200629060-00005
https://www.ncbi.nlm.nih.gov/pubmed/16752934
https://doi.org/10.1016/j.phymed.2003.07.014
https://doi.org/10.1055/a-2727-1619
https://www.ncbi.nlm.nih.gov/pubmed/41218646
https://doi.org/10.1080/87559129.2020.1834577
https://www.ema.europa.eu/en/documents/herbal-monograph/final-community-herbal-monograph-melissa-officinalis-l-folium_en.pdf
https://www.ema.europa.eu/en/documents/herbal-monograph/final-community-herbal-monograph-melissa-officinalis-l-folium_en.pdf
https://www.ema.europa.eu/en/documents/herbal-call-data/call-scientific-data-periodic-review-monograph-leonuri-cardiacae-herba_en.pdf
https://www.ema.europa.eu/en/documents/herbal-call-data/call-scientific-data-periodic-review-monograph-leonuri-cardiacae-herba_en.pdf
https://www.ema.europa.eu/en/documents/herbal-report/final-assessment-report-crataegus-spp-folium-cum-flore_en.pdf
https://www.ema.europa.eu/en/documents/herbal-report/final-assessment-report-crataegus-spp-folium-cum-flore_en.pdf
https://doi.org/10.1515/sjecr-2017-0057
https://patentimages.storage.googleapis.com/89/f4/83/0b1021e4ca9686/US10369182.pdf
https://patentimages.storage.googleapis.com/04/87/13/509d230a6f34b2/US10517322.pdf
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 71 of 72

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

Rinaldi, D.; Forsberg, S. Time Release Sleep Aid System. U.S. Patent US20200138783A1, 7 May 2020. Available online:
https:/ /patentimages.storage.googleapis.com/66,/05/74/d6f9f531dc7758 /US20200138783A1.pdf (accessed on 18 April 2026).
Jensen, E.; Olsson, N.U.; Kaufmann, P.; Hagman, A. Herbal Extract Composition. European Patent EP0501591B1, 29 May 1996.
Available online: https:/ /patentimages.storage.googleapis.com/ae/1a/4f/fa79ebd4laee8f/EP0501591B1.pdf (accessed on 18
April 2026).

Marvin, A.H.; Shan, C.; Kenneth, C. Method for Promoting Sleep. U.S. Patent US79148262, 29 March 2011. Available online:
https:/ /patentimages.storage.googleapis.com/2c/3d /48 /9b3e3894588937 /US7914826.pdf (accessed on 18 April 2026).

Fantz, D.R. Dietary Supplement Cognitive Support System. U.S. Patent US20130034530A1, 7 February 2013. Available online:
https:/ /patentimages.storage.googleapis.com/ba/5f/57/9e082ec1c33f45/US20130034530A1.pdf (accessed on 18 April 2026).
Ji, ].Y. Composition for Preventing or Treating Cognitive Dysfunction Comprising a Composite Extract of Motherwort Extract
and Peppermint Extract as Active Ingredients. Republic of Korea Patent KR102506064B1, 4 August 2020. Available online:
https:/ /patentimages.storage.googleapis.com/5c/26/62 /87fa86acf0d39a/KR102506064B1.pdf (accessed on 18 April 2026).
Khananov, T.S.; Anisimov, A.N.; Khamidullin, R.T.; Gazizova, N.G.; Avdonina, N.N.; Tukhvatullina, G.N. Agent Based
on Dry Motherwort Extract and Method for Production. Russia Patent RU2589507C1, 10 July 2016. Available online:
https:/ / patentimages.storage.googleapis.com/5e/96/c2/627d7f466122be /RU2589507C1.pdf (accessed on 18 April 2026).
Khananov, T.S.; Anisimov, A.N.; Filippov, Y.V.; Malinin, G.A.; Avdonina, N.N.; Gazizova, N.G.; Margaeva, S.I. Medicinal Product
Based on Dry Extracts of Medicinal Plants and Method for Producing the Same (Variants). Russia Patent RU2563190C2, 20
September 2015. Available online: https://patentimages.storage.googleapis.com/6¢/f8/d2/c9624d0a02c1d7 /RU2563190C2.pdf
(accessed on 18 April 2026).

Gomzhin, A.M.; Karpov, A.N.; Kuznetsov, K.I; Sakvarelidze, S.N. Pharmaceutical Composition of Sedative and Anxiolytic Action.
Russia Patent RU2737701C1, 2 December 2020. Available online: https:/ /patentimages.storage.googleapis.com/33/c6/{8/cclfed
f1fd220b/RU2737701C1.pdf (accessed on 18 April 2026).

Park, K.B. Food composition for stress relief and sleep disorder improvement through plant-based melatonin secretion. Republic
of Korea Patent KR102651346B1, 27 March 2024. Available online: https:/ /patentimages.storage.googleapis.com/31/23/7f/ef721
8£73385b3 /KR102651346B1.pdf (accessed on 18 April 2026).

Mayer, M. Composition for treating depression, bipolar disorders, recurrent depressive disorders and other long-term affective
disorders . European Patent EP3111930B1, 18 April 2018. Available online: https://patentimages.storage.googleapis.com/d6/24/
42/d0827fb13d7f24 /EP3111930B1.pdf (accessed on 18 April 2026).

Buchholz, H.; Dudda, A.; Meduski, J. Natural formulation for the treatment and prevention of depression, containing St.
John’s wort and derivatives of dihydro- and tetrahydrofolic acid. U.S. Patent US7014865B1, 21 March 2006. Available online:
https:/ /patentimages.storage.googleapis.com/cf/41/cb/fdfce42ac8ae0a/US7014865.pdf (accessed on 18 April 2026).

Patel, A.; Warbington, T.; Marleau, A. Nutraceutical Formulation for Treatment of Anxiety and Depression. U.S. Patent
US20150320814A1, 12 November 2015. Available online: https://patentimages.storage.googleapis.com/bd/18/6f/9679b4b%6el
494 /US20150320814A1.pdf (accessed on 18 April 2026).

Huang, S. Flower Herbal Tea for Calming the Nerves and Aiding Sleep and Preparation Method. China Patent CN104886311A, 9
September 2015. Available online: https:/ /patentimages.storage.googleapis.com/a5/19/20/54f6631f2d9587 /CN104886311A.pdf
(accessed on 18 April 2026).

Gentilhomme, M.; Bri-Court, T. Produit de Combinaison pour Aider a la Relaxation et a L'endormissement. France Patent
FR3040628A1, 10 March 2017. Available online: https://patentimages.storage.googleapis.com/ff/4e/39/a7cc01dd3d87e4 /FR304
0628A1.pdf (accessed on 18 April 2026).

Kuznetsova, E.V,; Ivanov, S.A. Biologically Active Dietary Supplement ,ORIGITEA® Omolozhenie”. Russia Patent RU2435453C1,
10 December 2011. Available online: https://patentimages.storage.googleapis.com/28/29/de/d0a4c7ae23aad9/RU2435453C1.pdf
(accessed on 18 April 2026).

Schiavone, R.; Mejorado, R.D. Nutritional Supplements for Sleep. WIPO Patent WO2025137727A1, 26 June 2025. Available online:
https:/ /patentimages.storage.googleapis.com/7a/d5/4e/2f67365d7f03bd /WO2025137727Al.pdf (accessed on 18 April 2026).
Zhu, G. Traditional Chinese Medicine Composition for Regulating Sub-Health State and Preparation Method. China Patent
CN108926702A, 4 December 2018. Available online: https:/ /patentimages.storage.googleapis.com/de/7f/de/65fe2bf9519334
/CN108926702A.pdf (accessed on 18 April 2026).

Zhu, D.; Wang, G.; A, J; Xu, J; Peng, H;, Mu, Z; Tao, L; Zuo, Y., Zhao, Y, Wang, X, et al. Antidepres-
sant Pharmaceutical Composition and Application. China Patent CN120078853A, 3 June 2025. Available online:
https:/ /patentimages.storage.googleapis.com/95/d0/35/0b3db4ebe0058d /CN120078853A.pdf (accessed on 18 April 2026).
Wensley, M.; Hufford, M.; Williams, J.; Lloyd, P. Device for Generating a Condensation Aerosol from a Liquid Formulation.
European Patent EP2925395B1, 6 March 2019. Available online: https://patentimages.storage.googleapis.com/9e/6b/00/c005
7bfcbaef57 /EP2925395B1.pdf (accessed on 18 April 2026).

https://doi.org/10.3390 /biomedicines14051019


https://patentimages.storage.googleapis.com/66/05/74/d6f9f531dc7758/US20200138783A1.pdf
https://patentimages.storage.googleapis.com/ae/1a/4f/fa79ebd41aee8f/EP0501591B1.pdf
https://patentimages.storage.googleapis.com/2c/3d/48/9b3e3894588937/US7914826.pdf
https://patentimages.storage.googleapis.com/ba/5f/57/9e082ec1c33f45/US20130034530A1.pdf
https://patentimages.storage.googleapis.com/5c/26/62/87fa86acf0d39a/KR102506064B1.pdf
https://patentimages.storage.googleapis.com/5e/96/c2/627d7f466122be/RU2589507C1.pdf
https://patentimages.storage.googleapis.com/6c/f8/d2/c9624d0a02c1d7/RU2563190C2.pdf
https://patentimages.storage.googleapis.com/33/c6/f8/cc1fe4f1fd220b/RU2737701C1.pdf
https://patentimages.storage.googleapis.com/33/c6/f8/cc1fe4f1fd220b/RU2737701C1.pdf
https://patentimages.storage.googleapis.com/31/23/7f/ef7218f73385b3/KR102651346B1.pdf
https://patentimages.storage.googleapis.com/31/23/7f/ef7218f73385b3/KR102651346B1.pdf
https://patentimages.storage.googleapis.com/d6/24/42/d0827fb13d7f24/EP3111930B1.pdf
https://patentimages.storage.googleapis.com/d6/24/42/d0827fb13d7f24/EP3111930B1.pdf
https://patentimages.storage.googleapis.com/cf/41/cb/fdfce42ac8ae0a/US7014865.pdf
https://patentimages.storage.googleapis.com/bd/18/6f/9679b4b96e1494/US20150320814A1.pdf
https://patentimages.storage.googleapis.com/bd/18/6f/9679b4b96e1494/US20150320814A1.pdf
https://patentimages.storage.googleapis.com/a5/19/20/54f6631f2d9587/CN104886311A.pdf
https://patentimages.storage.googleapis.com/ff/4e/39/a7cc01dd3d87e4/FR3040628A1.pdf
https://patentimages.storage.googleapis.com/ff/4e/39/a7cc01dd3d87e4/FR3040628A1.pdf
https://patentimages.storage.googleapis.com/28/29/de/d0a4c7ae23aad9/RU2435453C1.pdf
https://patentimages.storage.googleapis.com/7a/d5/4e/2f67365d7f03bd/WO2025137727A1.pdf
https://patentimages.storage.googleapis.com/de/7f/de/65fe2bf9519334/CN108926702A.pdf
https://patentimages.storage.googleapis.com/de/7f/de/65fe2bf9519334/CN108926702A.pdf
https://patentimages.storage.googleapis.com/95/d0/35/0b3db4ebe0058d/CN120078853A.pdf
https://patentimages.storage.googleapis.com/9e/6b/00/c0057bfcbaef57/EP2925395B1.pdf
https://patentimages.storage.googleapis.com/9e/6b/00/c0057bfcbaef57/EP2925395B1.pdf
https://doi.org/10.3390/biomedicines14051019

Biomedicines 2026, 14, 1019 72 of 72

276.

277.

278.

279.

Deltour, C.; Van Leuven, D.H. Tobacco Substitute. European Patent EP2941135B1, 24 October 2018. Available online:
https:/ /patentimages.storage.googleapis.com/c1/c9/ab/d4066alab34684 /EP2941135B1.pdf (accessed on 18 April 2026).
Greenbaum, E.; Bueno, J. Oral Formulations of Psychotropic Macrofungus Botanical Extracts with Mouthfeel Experience
Enhancers. U.S. Patent US20220331344A1, 20 October 2022. Available online: https://patentimages.storage.googleapis.com /43
/52/2d/5a117f6bde50f/US20220331344A1.pdf (accessed on 18 April 2026).

Yin, Y.; Jin, J.; Jin, Y,; Piao, Z.; Nan, Z. Tablets Comprising Lemon Balm Leaf Extract for the Prevention or Treatment
of Diseases Mediated by Angiogenesis or MMP Activity. China Patent CN104470507A, 25 March 2015. Available online:
https:/ /patentimages.storage.googleapis.com/75/40/b2 /3bec29181f6051 /CN104470507A.pdf (accessed on 18 April 2026).
Park, KH.; Lee, Y.J. Cosmetic Composition Containing a Mixture of Rosmarinic Acid and Lemon Balm Leaf Ex-
tract as an Active Ingredient. Republic of Korea Patent KR102472033B1, 29 November 2022. Available online:
https:/ /patentimages.storage.googleapis.com/ef/1c/5f/b2ecdbd24d8f44 /KR102472033B1.pdf (accessed on 18 April 2026).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/biomedicines14051019


https://patentimages.storage.googleapis.com/c1/c9/ab/d4066a1ab34684/EP2941135B1.pdf
https://patentimages.storage.googleapis.com/43/52/2d/f5a117f6bde50f/US20220331344A1.pdf
https://patentimages.storage.googleapis.com/43/52/2d/f5a117f6bde50f/US20220331344A1.pdf
https://patentimages.storage.googleapis.com/75/40/b2/3bec29181f6051/CN104470507A.pdf
https://patentimages.storage.googleapis.com/ef/1c/5f/b2ecdbd24d8f44/KR102472033B1.pdf
https://doi.org/10.3390/biomedicines14051019

	Introduction 
	Materials and Methods 
	Thematic Analysis of the Literature 
	Neurobiological and Clinical Foundations 
	Plants with Potential Anxiolytic and Antidepressant Effects 
	Study Region 
	Taxonomy and Botanical Description 
	Secondary Metabolites Identified in the Studied Plants 


	Selected Plant Species 
	Matricaria chamomilla L. 
	General Description and Distribution 
	Level of Scientific Evidence 
	Phytochemical Composition 
	Mechanisms of Action 
	Preclinical Data 
	Clinical Data 
	Safety, Toxicity, and Uses 

	Galium odoratum (L.) Scop. 
	General Description and Distribution 
	Level of Scientific Evidence 
	Phytochemical Composition 
	Mechanisms of Action 
	Preclinical Data 
	Clinical Data 
	Safety, Toxicity and Uses 

	Melissa officinalis L. 
	General Description and Distribution 
	Level of Scientific Evidence 
	Phytochemical Composition 
	Mechanisms of Action 
	Preclinical Data 
	Clinical Data 
	Safety, Toxicity, and Uses 

	Leonurus cardiaca L. 
	General Description and Distribution 
	Level of Scientific Evidence 
	Phytochemical Composition 
	Mechanisms of Action 
	Preclinical Data 
	Clinical Data 
	Safety, Toxicity, and Uses 

	Hypericum perforatum L. 
	General Description and Distribution 
	Level of Scientific Evidence 
	Phytochemical Composition 
	Mechanisms of Action 
	Preclinical Data 
	Clinical Data 
	Safety, Toxicity, and Uses 

	Tilia platyphyllos Scop., Tilia tomentosa Mnch., Tilia cordata Mill. 
	General Description and Distribution 
	Level of Scientific Evidence 
	Phytochemical Composition 
	Mechanisms of Action 
	Preclinical Data 
	Clinical Data 
	Safety, Toxicity, and Uses 

	Crataegus monogyna Jacq. 
	General Description and Distribution 
	Level of Scientific Evidence 
	Phytochemical Composition 
	Mechanisms of Action 
	Preclinical Data 
	Clinical Data 
	Safety, Toxicity, and Uses 


	Pharmaceutical Products, Patents, OTC Preparations, and Widely Available Dietary Supplements Containing the Selected Plant Species 
	Study Limitations 
	Future Perspectives 
	Conclusions 
	References

