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 Abstract. Globally the most common mental disorder is depression. Depression therapy is 
based on medication supported by psychotherapy or neurofeedback. Drugs that treat or ameliorate the 
symptoms of depression are called antidepressants. This type of medication presents severe side 
effects and limitations on risk groups – pregnant women, children, and patients with severe associated 
pathologies. Therefore, in these therapeutic conditions, it is necessary to use natural compounds with 
identical primary effects, but with much-diminished side effects. This paper presents the recent 
studies regarding the antidepressant-like effect of compounds extracted from lemon balm, studies that 
claim the therapeutic effects of these compounds, although their molecular mechanism of action is not 
fully known. In these circumstances, we hope that this article will be an inspiration for further 
research. 
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INTRODUCTION  

The human brain plays a decisive role in complex processes such as 
personality formation, development of cognitive processes (memory, attention, 
thinking etc.) as well as behavioral processes. At the same time, it is an organ that, 
under the pressure of risk factors, can develop pathologies in the sphere of 
depression, schizophrenia, bipolar syndrome, etc. [25]. The World Health 
Organization [81] points that, one in four people in the world will suffer at some 
point, from neuropsychiatric disorders, because even from 2001, mental disorders 
represent the main cause of global disability affecting around 450 million people.  

Depression is the main mental disorder that affects people from all 
communities on Earth. The drug therapy of depression is mainly characterized by 
the class of antidepressant drugs with severe side effects − cardiovascular, 
digestive etc. Besides, the problem of treatment with synthetic substances is raised 
in the risk groups − pregnant women, children, patients with severe associated 
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pathologies − in which synthetic treatment is severely limited. Recent studies 
demonstrate that a large number of drugs including antidepressants cross the 
placental barrier, or have limitations in children [32, 67]. 

Since synthetic drugs have limitations in terms of administration to risk 
groups, natural compounds are of particular interest in the treatment of 
neuropsychiatric disorders, especially depressive disorders [18, 56].  

In the literature,  there are data on the neuroprotective effect of different 
types of phytochemicals extracted from plants such as Melissa officinalis L., 
Valeriana officinalis L., Tilia cordata Mill., Matricaria recutita L., Passiflora spp., 
Scutellaria lateriflora L., Withania somnifera (L.) Dunal, Echium amoenum L., 
Lavandula spp., Panax ginseng Baill, Albizia julibrissin Durazz, Rhodiola rosea 
L., Crocus sativus L., Hypericum perforatum L., Bacopa monniera 
Hayata&Matsum, Eschscholzia californica Cham., Ginkgo biloba L., Centella 
asiatica (L.) Urban, Piper methysticum L., etc. [7, 56]. 

Since ancient times, lemon balm is cultivated for its medicinal purposes for 
leaves or the aerial part, especially to improve memory, for the treatment of mental 
illnesses such as depression and anxiety, as well as for the treatment of heart 
conditions [58]. In addition, the neuroprotective activity of the lemon balm was 
highlighted [13]. Active compounds from lemon balm leaves show favorable 
effects on cholinergic function in patients with Alzheimer's disease by binding to 
muscarinic and nicotinic receptors [26], similar effects to those obtained with the 
use of the synthetic drugs donepezil and memantine [51]. 

This paper describes the neuroprotective and antidepressant actions of several 
natural compounds present in the plant species Melissa officinalis L. 

MATERIALS AND METHODS  

In order to realize this paperwork, articles or scientific materials published in 
electronic format, in the period 2003−2020 were carefully analyzed, using 
databases such as Web of Science, PubMed, ScienceDirect, Scopus, Doaj or 
Google Scholar. 

The selection of these articles was made primarily due to the growing interest 
in the use of pharmaceuticals derived from plant sources, to the detriment of 
synthetic medication that provides significant benefits in the treatment of 
neuropsychiatric disorders, especially anxiety or depression, diseases whose 
incidence is rapidly increasing. 

Moreover, to analyze the therapeutic potential of natural compounds, 
bioinformatics tools such as databases are required. The most commonly used 
databases are DrugBank, FoodDB, ChEMBL and PDB. 

The DrugBank database [77] is a freely accessible online database that 
contains information on drugs and drug targets, being more a drug encyclopedia 
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than a drug database. This database is used by the public, but especially by 
pharmacists, physicians, or chemists. Furthermore, the DrugBank database contains 
over 13,000 drug entries including small molecule drugs, proteins, peptides, 
vaccines, allergenic, and discovery-phase drugs, but also over 5,000 non-redundant 
protein sequences that are linked to these drug entries. 

FooDB [78] is the world's largest open-access database that contains 
information on both macronutrients and micronutrients that give foods their taste, 
texture, aroma, flavor, and color. Users can browse through this database by food 
source, name, descriptors, or concentrations. 

ChEMBL [76] is a cheminformatics database that contains an impressive 
number of natural compounds that have drug-like properties including Lipinski 
parameters, molecular weight, logP or pharmacology, and ADMET data. This 
database also covers a significant fraction of the SAR and the discovery of modern 
drugs.  

The Protein Data Bank (PDB) [80] is an archive-type database that contains the 
3D structures of biological macromolecules, including nucleic acids and proteins. All 
these three-dimensional structures are found in the form of molecular complexes. 
Initially, this archive contained only 7 structures, being established at Brookhaven 
National Laboratory under Walter Hamilton's leadership, in 1971. Currently, PDB is 
updated weekly and is available worldwide at no costs to users. Currently, this 
database is widely used by researchers because modeling the molecular structures of 
proteins is of particular importance for elucidating the mechanisms of action of these 
proteins with different natural or synthetic compounds. 

RESULTS AND DISCUSSIONS 

EXPERIMENTAL STUDIES INVOLVED CHEMICAL COMPOUNDS OF MELISSA 
OFFICINALIS L.  

Since ancient times, plants have been part of people's lives both as a food 
source and as curative substances in traditional medicine (or as a raw material for 
obtaining medicines). Plants have always shown their healing effects in both fresh or 
dry form, as well as tablets, poultices, tinctures, or in extracts of different types [66]. 

More than that, recent studies have shown that native plants such as Melissa 
officinalis L. − lemon balm [53], Tilia cordata Mill. − lime [4], Matricaria recutita 
L. – chamomile [36], Hypericum perforatum L. − St. John's wort (SJW) [75] or 
Valeriana officinalis L. − valerian [29] ameliorate depressive symptoms without 
knowing exactly which of the chemical compounds in these plants are the active 
compounds in anxiety or depression. 
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The classes of compounds that have neuroprotective, antidepressant and/or 
anxiolytic effects are triterpenes; saponins; alkaloids; polyphenols, of which the 
most important are flavonoids; essential oils and fatty acids [24, 27]. 

The primary active constituents of Melissa officinalis L. are volatile 
compounds, terpenes and phenolic compounds [42]. 

The volatile compounds of lemon balm with a remarkable antidepressant 
effect, are geranial, neral, citronellal, geraniol, and eugenol [44]. Geranial and neral 
are the isomeric forms of the citral compound. These volatile compounds have also 
been found in the species Cymbopogon citratus. As Dudhgaonkar et al. [23] have 
shown, these volatile compounds have a strong antidepressant effect, in albino 
mice. Thus, the administration of Cymbopogon citratus powder in the dose of  
10 mg/kg showed an efficacy comparable to that of the synthetic antidepressant 
imipramine. 

Geraniol treatment in Chronic Unpredictable Mild Stress (CUMS) mice 
models led to decrease the interleukin-1β (IL-1β) level by inhibiting the action of 
nuclear factor kappa B (NF-B), thus providing insight into the use of this 
compound in the treatment of depression [21]. 

A derivative of eugenol, namely bis-eugenol, administered at a dose of 10 
and 50 mg/kg intraperitoneally (i.p.), induces an increase in the level of serotonin 
(5-HT), norepinephrine (NE) and dopamine (DA) in the cerebral striatum area, 
being correlated with the antidepressant activity observed in the forced swimming 
test (FST) and the tail suspension test (TST) in mouse models [5]. 

Terpenes are a group of chemical compounds found in many plant species. 
The most important triterpenes found in the leaves of Melissa officinalis L. are 
ursolic acid and oleanolic acid. Other terpenes found in this plant species are  
β-caryophyllene, limonene, ocimene, linalool, and thymol [58]. 

Ramos-Hryb et al. [52] observed that the treatment of mice with 0.1 mg/kg of 
ursolic acid orally administered, activate protein kinase A (PKA), protein kinase  
C (PKC), calcium/calmodulin-dependent protein kinase II (CAMK-II) and 
mitogen-activated protein kinase (MEK1/2), results that suggest the potential 
antidepressant effect of this compound. 

Oleanolic acid exhibits antidepressant-like effects in mice with chronic 
corticosterone-induced depression (chronic CORT-induced depression) by 
increasing the preference for sucrose and decreasing immobility time-correlated 
with decreased serine/threonine-protein kinase (SGK-1) and glucocorticoid 
receptor (GR) expression, but also with activation of the brain-derived 
neurotrophic factor-protein kinase B (BDNF-AKT/mTOR) signalling pathway in 
the hippocampus [22]. 

A recent study shows that treatment with β-caryophyllene reduces the 
immobility time in the tail suspension test and forced swim test, as well as a 
reversal of the anxiogenic effect in streptozotocin (STZ) − induced experimental 
diabetic BALB/c female mice [3]. 
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D-Limonene has a strong antioxidant activity by removing free radicals, but 
also antidepressant activity by improving the monoaminergic, neurotrophic, and 
neuroendocrine systems by restoring the 5-HT, NE and DA levels, results 
comparable to those recorded with fluoxetine administration [74]. 

Piccinelli et al. [49] demonstrated that by administering 10 mg/kg of  
(R)-(+)-limonene in a neuropathic pain in rats led to the increase in sensitivity to a 
cold stimulus and reduces the immobility time in FST. 

Ocimene from the essential oil composition of Ocimum basilicum L. 
contributes to decreased serum glucocorticoid levels, increases neurogenesis in the 
dentate gyrus, reduces neuronal and glial apoptosis, regulates gene and protein 
expression of GR and BDNF in the hippocampus, indicating an antidepressant 
effect [12]. 

Unlike the positive control diazepam, linalool in the active dose of  
100 mg/kg does not reduce the performance in case of FST [28]. In addition, this 
compound does not cause DNA damage, thus nor does it show genetic toxicity, 
even having an antidepressant-like effect by inhibiting N-methyl-D-aspartate 
(NMDA) receptors [15]. 

Treatment with thymol in CUMS mice models restored the level of 
monoamine neurotransmitters and regulated the dysfunction of the hypothalamic–
pituitary–adrenal axis (HPA axis). Furthermore, chronic thymol administration 
inhibited the activation of pro-inflammatory cytokines, possibly by regulating the 
NLRP3/caspase-1 pathway [20]. In addition, it has been shown that thymol 
treatment in the dose of 25 and 50 mg/kg in depressed mice decreases immobility 
time in the forced swimming test and tail suspension test, as well as the reversal of 
anhedonia [47]. 

The approximate amount of volatile compounds and terpenes in Melissa 
officinalis L., expressed as a percentage by mass, is illustrated in Table 1. 

The most important phenolic compounds existing in the leaves and flowers of 
the species Melissa officinalis L. are represented by caffeic acid, rosmarinic acid, 
luteolin, naringin, naringenin, hesperidin, and quercetin [58]. 

Following experiments on depressive mice, Huang et al. [33] observed that 
caffeic acid inhibits a decrease in norepinephrine levels correlated with an increase 
in tryptophan and 3-methoxy-4-hydroxyphenylglycol levels in a dose-dependent 
manner. 

Rosmarinic acid exhibits an antidepressant-like effect, inducing increased 
astrocytic BDNF expression in the hippocampus by modulating extracellular 
signal-regulated kinase (ERK) phosphorylation [34]. Also, behavioral tests in mice 
with induced depression indicate that rosmarinic acid causes dopamine modulation 
and corticosterone synthesis [39]. 
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Table 1  

The amount of the most important volatile compounds and terpenes of Melissa officinalis L. 

Class Compound Amount (%) References 
16.10 [29] 

33 [43] Citral 
15.20 [68] 
2.20 [2] 

0.74−0.9 [68] Geraniol 
3.3−18.0 [59] 

Volatile 
compounds 

Eugenol 0.12−3.78 [1] 
Ursolic acid 0.450 [30] 

Oleanolic acid 0.350 [31] 
12.08−29.14 [57] 
0.01−12.20 [48] β-caryophyllene 
1.17−18.64 [38] 

0.64 [30] D-limonene 
0.20−1.23 [1] 

Ocimene 0.5 [46] 
4.05 [2] Linalool 0.29−1.37 [1] 
0.29 [1] 

Terpenes 

Thymol 0.1 [46] 
 
Luteolin inhibits cytokine expression, nuclear factor kappa B (NFkB) 

signaling, and Toll-like receptor 4 (TLR4) signaling at micromolar 
concentrations in immune cells, including mast cells [72]. The mechanism of 
action of luteolin at the binding site for benzodiazepine at the level of gamma-
aminobutyric acid type A GABAA receptors is not yet fully elucidated, although 
it has a partial affinity for it [16].  

In depression screening tests (FST and TST), it was observed that doses of 
2.5, 5 and 10 mg/kg of naringin administered i.p. significantly reduced anxiogenic 
behavior decreasing the duration of immobility [14]. It was highlighted the 
protective effect of naringin against neurocognitive deficits induced by 
intracerebral hemorrhage, correlated with the attenuation of oxidative-nitrosative 
and inflammatory stress [60]. 

Another natural compound found in Melissa officinalis L., with a 
neuroprotective effect is naringenin. This effect is due to the stimulation of 
monoamines and the suppression of neuroendocrine signaling leading to the 
regulation of BDNF in the mice hippocampus [73]. 

Research realized on mice with mild traumatic brain injury shows that 
treatment with hesperidin decreased IL-1β, tumor necrosis factor-alpha (TNF-α), 
and malondialdehyde (MDA) levels and increased BDNF levels in the 
hippocampus, suggesting the potential antidepressant effect of this compound [40]. 
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The antidepressant activity of hesperidin is also due to the interaction with the 
presynaptic 5-HT1A receptor, similar effect to that of fluoxetine in TST [65]. 

Quercetin has antioxidant effects and causes monoamine oxidase A (MAO-A) 
inhibition, followed by 5-HT growth in the brain [61]. Quercetin is also involved in 
the regulation of cholinergic and serotonergic functions, thus determining, in 
addition to improving memory, anxiolytic, and antidepressant effects [54]. 

The phenolic compounds of Melissa officinalis are summarized in Table 2, 
their approximate quantities being expressed in mg/g. 

Table 2  

The amount of the most important phenolic compounds of Melissa officinalis L.  
Class Compound Amount (mg/g) References 

0.0268 [41] Caffeic acid 0.34 [37] 
45.51 [37] Rosmarinic acid 6.228 [41] 

Luteolin 0.19 [37] 
0.63 [70] Naringin 
0.6 [19] 

Naringenin 0.12 [70] 
Hesperidin 9.31 [19] 

Phenolic 
compounds 

Quercetin 1.32 [70] 
 
In addition, all chemical structures and canonical SMILES of studied 

compounds are presented in Table 3. 

Table 3  

Chemical structures and canonical SMILES of natural compounds of Melissa officinalis L. 

No Compounds Chemical structures Canonical SMILES 

1. Citral 
 

O=C/C=C(/CC/C=C(/C)C)C 

2. Geraniol 
 

CC(=CCC/C(=C/CO)/C)C 

3. Eugenol 

 

COC1=C(C=CC(=C1)CC=C)O 

4. Ursolic acid 

 

O=C(O)[C@@]54[C@H](/C3=C/C[
C@H]1[C@](CC[C@@H]2[C@]1(
C)CC[C@H](O)C2(C)C)(C)[C@]3(
C)CC4)[C@@H](C)[C@H](C)CC5 
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No Compounds Chemical structures Canonical SMILES 

5. Oleanolic acid 

 

O=C(O)[C@@]54[C@H](/C3=C/
C[C@H]1[C@](CC[C@@H]2[C
@]1(C)CC[C@H](O)C2(C)C)(C)[

C@]3(C)CC4)CC(C)(C)CC5 

6. β-caryophyllene 

 

CC1=CCCC(=C)C2CC(C2CC1)(C)C 

7. D-limonene 

 

C=C(C)[C@H]1CC=C(C)CC1 

8. Ocimene 

 

C=C/C(C)=C/CC=C(C)C 

9. Linalool 

 

C=CC(C)(O)CCC=C(C)C 

10. Thymol 

 

CC1=CC(=C(C=C1)C(C)C)O 

11. Caffeic acid 

 

C1=CC(=C(C=C1C=CC(=O)O)O)O 

12. Rosmarinic acid 

 

C1=CC(=C(C=C1CC(C(=O)O)OC(=
O)C=CC2=CC(=C(C=C2)O)O)O)O 
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No Compounds Chemical structures Canonical SMILES 

13. Luteolin 

 

C1=CC(=C(C=C1C2=CC(=O)C3
=C(C=C(C=C3O2)O)O)O)O 

14. Naringin 

 

CC1C(C(C(C(O1)OC2C(C(C(OC2O
C3=CC(=C4C(=O)CC(OC4=C3)C5
=CC=C(C=C5)O)O)CO)O)O)O)O)O 

15. Naringenin 

 

C1C(OC2=CC(=CC(=C2C1=O)O
)O)C3=CC=C(C=C3)O 

16. Hesperidin 

 

CC1C(C(C(C(O1)OCC2C(C(C(C(
O2)OC3=CC(=C4C(=O)CC(OC4
=C3)C5=CC(=C(C=C5)OC)O)O)

O)O)O)O)O)O 

17. Quercetin 

 

C1=CC(=C(C=C1C2=C(C(=O)C3
=C(C=C(C=C3O2)O)O)O)O)O 

IN SILICO STUDIES OF CHEMICAL COMPOUNDS OF MELISSA OFFICINALIS L. 

Until recently, scientific research was divided into two main types: in vivo 
(within life) and in vitro (within the glass). In vivo testing must be done taking into 
account several considerations, namely: the inability to control properly the 
experimental conditions, resources, and time associated with the experimentation 
performed on living subjects and, last but not least, the ethical considerations of the 
experimentation. Although in vitro experiments can be performed with fewer 
resources and faster than in vivo experiments, the in vitro model cannot represent 
the tested entity as part of a whole. Thus, it was necessary to replace these studies 
with in silico (in silicon) studies that combine in vitro and in vivo techniques. 
Complex in silico models offers the possibility of elucidating some physiological 
and especially pathophysiological mechanisms, which cannot be obtained by 
classical techniques due to ethical or practical considerations [17]. 
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The computational methods used for correlating the chemical structures of 
the compounds with their properties are quantitative structure-activity relationships 
(QSAR) and quantitative structure-properties relationships (QSPR). Identifying 
these relationships helps to discover new compounds with therapeutic potential.  

The SAR/QSAR computational methods are based on the idea that the 
biological activity of any chemical compound is dependent on the position of the 
atoms that form the molecular structure of that compound. In other words, there is 
a close dependence between the chemical structure and the functions of that 
compound. Also, the activities of an entire group of chemicals can be predicted, or 
even the activities of new chemical compounds, when only the features of a few 
chemicals in that group are known [71]. 

Based on the information provided by these mathematical relationships that 
link the chemical structure and pharmacological activity of a compound in a 
quantitative manner, we can even predict the interaction of the compound of 
interest with the body's macromolecular targets [7, 35]. However, the discovery of 
new binding sites on target proteins is accomplished by molecular modelling and 
molecular docking [50]. 

Using the computational method QSAR, Udrea et al. [67] analyzed the 
biological activity of melatonin, resveratrol, linalyl acetate and linalool in the form 
of inhibition constant (Ki) on the SERT receptor, concluding that the biological 
activity of these compounds (pKi) is similar to that of classical antidepressants. 

A few researchers studied the effect of luteolin and quercetin on the MAO-A 
enzyme, using computational biology tools such as docking and they observed that 
the two natural compounds have high binding efficiency to the amino acid residues 
present in the target enzyme, thus serve as effective alternatives to the synthetic 
drugs currently used to treat major depression [63]. In their study, the authors used 
the structure of the target protein with the code 2Z5X existing in the Protein Data 
Bank database (Fig. 1) [64]. 

 
Fig. 1. Crystal structure of human monoamine oxidase A with harmine [64]. 
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More than that, through molecular docking Singla et al. [62] used five 
proteins covering MAO-A, MAO-B, LeuT & Human C-terminal CAP1 receptors 
along with cocrystallized reference ligands like clomipramine, sertraline, 
chlorgyline, and deprenyl, and demonstrated the therapeutic potential of ursolic 
acid as an antidepressant. 

Recent molecular docking studies have shown that rosmarinic acid, the most 
abundant compound of lemon balm acts as a reversible target inhibitor for MAO-A, 
thus being an antidepressant-like compound [6]. 

In addition, this compound being so important for the treatment or 
amelioration of neuropsychiatric or neurodegenerative diseases, it is found in 
bioinformatics databases in the form of molecular complexes. Thus,  by accessing 
the RCSB PDB database [80] and entering the keywords “rosmarinic acid” we 
identified four PDB complexes of rosmarinic acid, respectively: “Crystal structure 
of PrTX-I complexed to Rosmarinic Acid” with the code 3QNL; „Crystal structure 
of V30M mutant human transthyretin complexed with rosmarinic acid” with PDB 
code 4PWI; "Myotoxin II from Bothrops moojeni complexed with Rosmarinic 
Acid" with PDB code 6MQD and "Crystal structure of Coleus blumei rosmarinic 
acid synthase (RAS) in complex with 4-coumaroyl-(R)-3-(4-hydroxyphenyl) 
lactate” with PDB code 6MK2. 

 
 

 
Fig. 2. Crystal structure of PrTX-I complexed to rosmarinic acid [55]. 

The complex "Crystal structure of PrTX-I complexed to Rosmarinic Acid" 
with 3QNL PDB code (Fig. 2) was developed by Santos et al. [55] who studied the 
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neutralizing effect of muscle damage and neuromuscular blocking activities of 
PrTX-I protein found in the venom of the ophidian species Bothrops pirajai. 

Using MS Word we opened the 3QNL PDB file and we observed that the 
protein consists of two polypeptide chains A and B with a length of 121 amino 
acids. The two polypeptide chains show the same composition of amino acid 
sequences, being homodimers, the first amino acid being serine (SER), and the last 
amino acid cysteine (CYS). 

In the secondary structure of the polypeptide chain A there are four α helices 
and two 3−10 helices. The first α-helix starts at position 1 with the amino acid 
serine (SER) and ends at position 15 with the amino acid glycine (GLY). The first 
helix 3−10 starts at position 110 with the amino acid leucine (LEU) and ends at 
position 113 with the amino acid tyrosine (TYR). 

In the secondary structure of the polypeptide chain B are found four α helices 
and three 3−10 helices. The first α-helix starts at position 2 with the amino acid 
leucine (LEU) and ends at position 15 with the amino acid glycine (GLY). The first 
helix 3−10 starts at position 110 with the amino acid leucine (LEU) and ends at 
position 113 with the amino acid tyrosine (TYR). 

In addition, the polypeptide chain A has one β-helix. The first amino acid of 
β-helix is in position 75 and is represented by tyrosine (TYR), and the last amino 
acid is in position 84 and is represented by cysteine (CYS). The second chain of the 
β-helix on the A chain is antiparallel (−1) to the first which has a zero position (0). 
The B polypeptide chain has two β-helices. The first begins with the amino acid 
alanine (ALA) at position 24 and ends with the amino acid glycine (GLY) at 
position 30, and the second β-helix begins with the amino acid tyrosine (TYR) at 
position 75 and ends with the amino acid cysteine (CYS) at position 84. The 
secondary chains of the β-helix on the B chain have antiparallel positions to the 
first chains. 

The PDB complex with the code 3QNL contains as ligands isopropyl alcohol 
(IPA) and rosmarinic acid (ROA) on the polypeptide chain A and isopropyl alcohol 
(IPA) and heptaethylene glycol (P33) on the polypeptide chain B. The solvent is 
water (HOH). 

The description of these molecular complexes is essential for computational 
biology studies that allow the understanding of  the proteins interaction with 
specific targets [8, 9, 10, 11, 43, 68]. 

For rosmarinic acid we predicted ADME-Tox characteristics (Table 4) by the 
bioinformatics tool pkCSM [79] which allowed us to observe that this 
hydroxycinnamic acid shows good blood-brain barrier (BBB) permeability 
correlated with low toxicity. However, such studies are a current need as the 
molecular mechanism of action of many natural compounds is not known. 
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Table 4  

The predicted ADME-tox profile of rosmarinic acid 
Property Model name Predicted value Unit 

Absorption Water solubility – 2.837 Numeric (log mol/L) 

Absorption Caco2 permeability – 1.015 Numeric (log Papp in 
10-6 cm/s) 

Absorption Intestinal absorption 
(human) 44.114 Numeric (% 

Absorbed) 
Absorption Skin permeability – 2.735 Numeric (log Kp) 
Absorption P-glycoprotein substrate Yes Categorical (Yes/No) 
Absorption P-glycoprotein I inhibitor No Categorical (Yes/No) 

Absorption P-glycoprotein II 
inhibitor No Categorical (Yes/No) 

Distribution VDss (human) – 1.019 Numeric (log L/kg) 

Distribution Fraction unbound 
(human) 0.245 Numeric (Fu) 

Distribution BBB permeability – 1.53 Numeric (log BB) 
Distribution CNS permeability – 3.579 Numeric (log PS) 
Metabolism CYP2D6 substrate No Categorical (Yes/No) 
Metabolism CYP3A4 substrate No Categorical (Yes/No) 
Metabolism CYP1A2 inhibitior No Categorical (Yes/No) 
Metabolism CYP2C19 inhibitior No Categorical (Yes/No) 
Metabolism CYP2C9 inhibitior No Categorical (Yes/No) 
Metabolism CYP2D6 inhibitior No Categorical (Yes/No) 
Metabolism CYP3A4 inhibitior No Categorical (Yes/No) 

Excretion Total Clearance 0.308 Numeric (log 
mL/min/kg) 

Excretion Renal OCT2 substrate No Categorical (Yes/No) 
Toxicity AMES toxicity No Categorical (Yes/No) 

Toxicity Max. tolerated dose 
(human) 0.789 Numeric (log 

mg/kg/day) 
Toxicity hERG I inhibitor No Categorical (Yes/No) 
Toxicity hERG II inhibitor No Categorical (Yes/No) 

Toxicity Oral rat acute toxicity 
(LD50) 2.675 Numeric (mol/kg) 

Toxicity Oral rat chronic toxicity 
(LOAEL) 3.162 Numeric (log 

mg/kg_bw/day) 
Toxicity Hepatotoxicity No Categorical (Yes/No) 
Toxicity Skin sensitisation No Categorical (Yes/No) 
Toxicity T. Pyriformis toxicity 0.285 Numeric (log ug/L) 
Toxicity Minnow toxicity 1.375 Numeric (log mM) 

CONCLUSIONS 

The plant species Melissa officinalis L. has been used as a medicinal plant 
since ancient times because it has many biological activities, the most significant of 
which proved to be those in the neurological spectrum, namely anxiolytic, 
neuroprotective, and even antidepressant activities. 
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Through this paper we have tried to highlight that lemon balm preparations 
can be used successfully as substitutes for synthetic antidepressants which, 
although effective, have significant side effects and can only be used by a small 
group of patients. Nevertheless, further studies are necessary because, the 
mechanism of action of several chemical compounds existing in this plant species 
is still unknown. 
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