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Medicinal plants are being used worldwide for centuries for their beneficial properties. Some of the most popular medicinal plants
belong to the Melissa genus, and different health beneficial effects have already been identified for this genus. Among these species,
in particular, the Melissa officinalis L. has been reported as having many biological activities, such as antioxidant, antimicrobial,
antitumour, antiviral, antiallergic, anti-inflammatory, and also flatulence inhibiting effects. The beneficial properties of the Melissa
officinalis, also known as “lemon balm herb”, can be related to the bioactive compounds such as terpenoids, alcohols, rosmarinic
acid, and phenolic antioxidants which are present in the plant. In this updated review, the botanical, geographical, nutritional,
phytochemical, and traditional medical aspects of M. officinalis have been considered as well as in vitro and in vivo and
clinically proven therapeutic properties have been reviewed with a special focus on health-promoting effects and possible
perspective nutraceutical applications. To evidence the relevance of this plant in the research and completely assess the context,
a literature quantitative research analysis has been performed indicating the great interest towards this plant for its beneficial

properties.

1. Introduction

Medicinal plants and herbs have been used worldwide in the
management of different diseases [1, 2]. The search for new
antibacterial, antiviral, anticancer agents from natural
sources has been intensified due to the reduction of currently
available therapy in subjects who do not qualify for conven-
tional pharmacological therapy and the emergence of drug-
resistant strains [3, 4]. Recently, the nutraceutical area has
been exploited playing a key role in the development of
new phytocomplex derived from food and plant-derived
compounds [5, 6].

An example of popular medicinal plants with recognized
beneficial effects on human health belongs to the Melissa
genus [7]. Botanically, this plant can be identified as follows:
genus Melissa L. belongs to kingdom: Plantae, family:
Lamiaceae, and subfamily: Nepetoideae, with numerous
species, four of which are Melissa axillaris (Benth.) Bakh.
f., Melissa flava Benth., Melissa officinalis L. (lemon balm),
and Melissa yunnanensis C.Y. Wu & Y.C. Huang which is
recognized worldwide for its relevance [8, 9]. These species
are found in the area from Central Asia, Western Asia,
Southern Europe, and Northern Africa up to the islands of
Macaronesia [8]. Only one species grows in Europe—the
M. officinalis known as lemon balm. In nature, these plants
grow in bright thickets [10].

Currently, this most popular and known species, the M.
officinalis, is cultivated around the world [11-13]. Even if the
M. officinalis is indigenous to Southern Europe, the Mediter-
ranean region, Western Asia, and North Africa, this species
is now cultivated worldwide. In India, lemon balm is culti-
vated in Kashmir, Uttrakhand, and some parts of South
India. There are two subspecies: M. officinalis subspecies
M. officinalis, the commonly cultivated lemon balm; and
M. officinalis subspecies altissima, naturalized in New Zealand
and known as the bush balm. The M. officinalis subspecies
officinalis is known for its lemon fragrance [12, 14].

Nowadays, the increasing demand for medicinal plants
and herbs triggers the interest in quality and safety aspects
since herb and plants pathogens, e.g., microfungi, could
cause serious health issues if present in these plants decreas-
ing also their quality [15, 16]. Species like Fusarium sp.,

Alternaria sp., and Penicillium sp. can produce secondary
metabolites (mycotoxins) which may represent a healthy
treat as it happens also in plants, food, and feed contami-
nated by these metabolites which represent a challenge for
the decontamination due to their presence and their identi-
fication (Nazhand et al., 2020; Santini et al. 2009; Mikusova
et al. 2013; Mikusova et al. 2010; Santini et al., 2009).

2. Melissa officinalis and Its Health Benefits:
Literature Quantitative Research Analysis

A search for Melissa officinalis and its relationship with
health was carried out employing the Scopus database. The
Scopus online database (https://www.scopus.com/home.uri,
accessed on 4 September 2021) was utilized to extract
bibliometric data using the search string: TITLE-ABS-KEY
(“Melissa officinalis” OR “lemon balm” AND “Health=").

Publications mentioning the relevant words or their
derivatives in the title, abstract, or keywords were identified
throughout the applied search strategy [17]. The parameters
evaluated were as follows: trends of publications, document
type, authorship, and country/region. For the basic analyses,
the functions of the Scopus web online platform named
“Analyze” and as “Create Citation Report” were utilized.
Moreover, the “full records and cited references” were
exported to VOSviewer software for additional process-
ing [18].

The terms/words utilized in the titles, abstracts of publi-
cations, and keywords of publications were analyzed by the
VOSviewer software (v.1.6.16, 2020); the paragraphs were
broken down into words and phrases and linked to the pub-
lications’ citation data, to visualize the results as bubble map.
In this term map, the bubble size indicates how frequently a
term is mentioned in the articles. Two bubbles are posi-
tioned more closely to each other reflecting that the terms
coappeared more often in the selected publications. The
average citations per publication (CPP) is given by the col-
our of a bubble. To simplify the bubble map, words/terms
that appeared in at least 5 of the publications were analyzed
and visualized. Of the 5772 keywords, 436 met the selected
threshold, and 3 of them were manually excluded.
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Two hundred seventy publications were returned by the
search: they covered the time range from 1984 to 2021 and
were cited collectively by 5682 documents. Publications
trends of the Melissa officinalis and health research are
reported in Figure 1.

The distribution of the types of documents relative to the
publications retrieved is shown in Figure 2. “Article”
accounts for 75.9% and “Review” for 18.1%, followed by
Book Chapter” (1.9%) and “Conference Paper” (1.5%). The
most cited “Article” is a placebo-controlled trial for studying
the value of aromatherapy with essential oil of Melissa offici-
nalis for agitation in people with severe dementia, whereas
the most cited “Review” is addressed on Alzheimer’s disease
and vascular dementia in developing countries, with regard
on the use of traditional diet and medicinal plants.

Figure 3 reports the most productive authors.

Figure 4 reports, respectively, the most productive coun-
tries/territories. Regarding countries/territories, the United
States (n=30) was the most productive country, followed
by Iran (n =28) and the United Kingdom (n =27).

Four hundred and the thirty-third of terms in total were
obtained from the literature quantitative analysis on publi-
cations, and they are visualized as a term map shown in
Figure 5. Plant extracts, M. officinalis extract, medicinal
plants, phytotherapy, herbal medicine, and traditional
medicine are among the top recurring terms.

3. Traditional Medicinal Uses

M. officinalis is a medicinal plant that has been used for a
long time in different ethnomedical approaches especially
in traditional medicine for the treatment of several diseases.
The traditional uses of M. officinalis have been reported
mostly in European Countries, the Mediterranean region,
and the Middle East Countries.

Records concerning the use of M. officinalis date back
over 2000 years, with entries in the Historia Plantarum
(approximately 300 B.C.). Its use has been exploited for the
treatment of many health syndromes including neurological,
central nervous system, cardiovascular, antimicrobial, anti-
malignant, antidepressant, and respiratory and also as a
memory enhancer for dementia-affected subjects. In the
seventh century, its cultivation and use spread throughout
Europe [19]. An early recommendation by Paracelsus
(1493-1541) suggested that it could be used for “all com-
plaints supposed to proceed from a disordered state of the
nervous system” [20].

M. officinalis is reputed to alleviate melancholia and neu-
roses, and the plant was considered to promote long life and
to restore memory in traditional European medicine [21]. In
1679, Lonicerus claimed that M. officinalis (the aerial parts)
taken on an empty stomach quickens the senses, brightens
the mind, and improves the memory. It aids shaking limbs
caused by stroke and helps retrieve the lost ability to speak
[22, 23]. Moreover, in 1751, the herbalist John Hill described
M. officinalis as “good for disorders of the head and stom-
ach” [21], and in the Ayurveda holistic medicine approach,
it was claimed that M. officinalis sharpens memory [24].
M. officinalis is a cultivated and introduced herb in the Call-

ejon de Huaylas (Peru), used as a sedative, and hypotensive
[25]. Herbal medicine has been traditionally practiced by
indigenous healers in Bolivia for hundreds of years, an area
where due to the great geographical and ecological diversity,
thousands of native plants are utilized against different types
of diseases [26].

Often the traditional use of M. officinalis is mostly com-
bined with other medicinal plants. For instance, around 400
prescriptions are containing M. officinalis in Iranian Tradi-
tional Medicine [27]. An ethnobotanical study of the
medicinal use of wild and cultivated plants in the middle,
southern, and western Bosnia and Herzegovina showed that
M. officinalis is part of the combined teas for the increase
of digestion (with Acorus, Foeniculum, Matricaria, and
Mentha), a decrease of spasms (with Agrimonia, Frangula,
Mentha, Teucrium chamaedrys, and Teucrium montanum),
and insomnia (with Robinia) [28].

Medicinal plants which can be used as tools against
anxiety and as antidepressant drugs according to the ethno-
botanical knowledge in Shahrekord (Iran) include M. offici-
nalis, proven to be effective on anxiety and depression
[29]. In the Unani system of medicine, its grass and seeds
are used in epilepsy, paralysis, Bell’s palsy, arthritis, mastitis,
and halitosis; its syrup and distillate are made for different
ailments [30].

M. officinalis is used as a sedative, and for its digestive
properties in Serbia, it is used for nervous anxiety, depres-
sion, tension headaches, and indigestion (as a tea-like bever-
age that is drunk after a meal). It is also used for diseases
related to the liver and gallbladder, jaundice, and complaints
related to the heart and blood vessels, and it is administered
as an infusion (tea). As an example of its use, a recipe of a tea
blend for strengthening nerves consists of equal quantities of
lemon balm, valerian, hops, hawthorn, wild thyme, and pep-
permint. For peaceful sleep, pillows are filled with the dried
aerial parts (northern and western Serbia). It is also used to
lure bees—beekeepers rub hives (in eastern Serbia) [31].

An ethnobotanical survey of the wild plants of Lebanon
showed that M. officinalis is harvested and used as a spice,
herbal tea, condiment, medicinal plant, and in perfumes
[32]. In Central Italy, M. officinalis shoots are used in alco-
holic beverages [33]. Ethnobotanical evidence suggests that
the herb of M. officinalis is used for the skin and body care.
Lemon balm hydrosol is added to clay masks for skin heal-
ing. Fresh leaves add a nice flavour to many dishes, oils, vin-
egar, and herbal liqueurs. Fresh or dried leaves are used to
prepare a refreshing tea, consumed either cold or hot. The
fresh leaves and flowers are used for the stuffing of vegeta-
bles, fruit salads, bean dishes, meat, and fish [12]. It is note-
worthy that the traditional use of this plant is similar in
different cultures: for example, treatment of mental disor-
ders, especially anxiety and depression, memory improve-
ment, and relief of heart disease. As can be seen from the
data reported in Table 1, the above-ground part and the
leaves of the plant have traditionally been used more often;
from them, mainly, an infusion, tea, or decoction can be
prepared.

Table 1 summarizes some relevant information on the
traditional use of M. officinalis in different countries.
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4. Chemical Composition

The most important class of plant components are alkaloids,
tannins, flavonoids, saponins, and phenolic compounds
[10, 12, 79]. The variety of these bioactive molecules makes

them a promising candidate for the development of nutra-
ceuticals and cosmeceuticals [10, 80]. This plant and its parts
can be used in the food, pharmaceutical, cosmetic, and other
industries which are interested in aromatic plants and
essential oils.

4.1. Polyphenols. Regarding the polyphenolic profile of
extracts, Awad et al. [81] isolated rosmarinic acid, ursolic
acid, and oleanolic acid from the methanol extract of aerial
parts of M. officinalis.

Astani et al. [82] isolated caffeic acid, p-coumaric acid,
and rosmarinic acid. Nitric acids A and B, antioxidant active
compounds, have been identified in the dried leaf of M. offi-
cinalis by Kamdem et al. [83] and quantified. The leaves
were extracted in 70% ethanol, which resulted in the follow-
ing compounds quantified using liquid chromatography-
mass spectrometry (LC-MS): gallic acid, chlorogenic acid,
caffeic acid, rosmarinic acid, ellagic acid, rutin, isoquercitrin,
quercetin, and kaempferol. Aubert et al. [84] identified the
following compounds from hydroethanolic leaf extract of
M. officinalis using LC-MS: tartaric acid, quinic acid, malic
acid, citric acid, succinic acid, danshensu, caftaric acid,
salicylic acid, caffeic acid, lithospermic acid A, chicoric acid,
luteolin 3'-O-B-D-glucuronide, rosmarinic acid, 3'-O-(8'-
Z-caffeoyl)rosmarinic acid, and ethyl caffeate.

Another example has been reported by Binello et al. [85]
where an efficient and selective green extraction of polyphe-
nols from lemon balm has been proposed using ultrasound
and microwave-assisted extraction protocols. Their effi-
ciency and selectivity have been compared: rosmarinic acid
was the main component of the phenolic fractions in all
cases, whereas ethanol was the best solvent for both ultra-
sound and microwave-assisted extraction procedures [85].
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4.2. Essential Oil. Concerning the characterization of the
essential oil, several works studied the composition of the
aerial flowering parts of M. officinalis [80, 86-88].

For instance, Acevedo et al. [80] isolated the following
essential oils: eugenol, caryophyllene, a-caryophyllene, 3-
methyl-4-isopropyl phenol, and germacrene D. Abdellatif
et al. [89, 90] hydro distilled the dried leaves of M. officinalis
and identified the following essential oils using gas chroma-
tography coupled to mass spectrometry (GC-MS): 1-octen-
3-ol, 6-methyl-5-hepten-2-one, myrcene, (Z)- and (E)-f-
ocimene, linalool, #n-nonanal, cis- and trans-rose oxide,
trans-limonene oxide, camphor, citronellal, cis-chresonty-

nol, menthol, isomenthol, nerol, neral, piperitone, geraniol,
geranial, dihydrocitronellol acetate, a- and p-cubebene,
geranyl acetate, a-copaene, f-caryophyllene, a-humulene,
germacrene D, (E)-f-ionone, valencene, (E)-nerolidol, car-
yophyllene oxide, 1-hexadecene, 14-hydroxy-9-epi-(E) car-
yophyllene, n-eicosane, n-heneicosane, methyl citronellate,
and camphene. Barakat et al. [91] identified the following
compounds by hydrodistillation of dried leaves of M.
officinalis using GC-MS: (E)-ocimene, a-campholenal, pino-
carvone, terpinen-4-ol, cumin aldehyde, thymol, p-mentha-
1,4-diene-7-ol, a-copaene, 3-bourbonene, panasinsene, (E)-
caryophellene, amorpha-4,11-diene, y-muurolene, elemol,
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caryophellene oxide, humulene epoxide II, elemol acetate, a-
terpinolene, trans-pinocarveol, cis-chrysanthenol, (E)-citral,
carvacrol, decadienal, a-copaene, 3-bourbonene, and isotor-
quatone. Efremov et al. [92] extracted the essential oils by
exhaustive water and steam distillation from the above-
ground part of M. officinalis.

Rehman et al. [93] identified from M. Officinalis fresh
leaves using the headspace solid-phase microextraction
(HS-SPME) coupled with GC-MS with the following com-
pounds, all with interesting activity: S-pinene, artemiseole,
1-octen-3-ol, 3-octanol, 6-methyl-5-hepten-2-one, D-3-car-
ene, (Z)-p-ocimene, linalool, cis-rose oxide, trans-rose oxide,
cis-verbenol, limonene oxide, citronellal, isopulegone, myrte-
nol, citronellol, geraniol, (Z)-citral, methyl geranate, (E)-citral,
citronellyl acetate, a-copaene, geranyl acetate, -caryophyl-
lene, a-bergamotene, a-humulene, germacrene D, a-farne-
sene, and D-cadinene. In the perspective of an eco-friendly
sustainable procedure, it is worth to mention the work of Kha-
lili et al. [94], which reported the solvent-free extraction of
essential oils from M. officinalis. The compounds identified
by GC-MS are linalool, (Z)- and (E)-citral, neryl acetate, -
bourbonene, 3-bourbonene, a-humulene, germacrene D, a-
muurolene, and caryophyllene oxide.

5. Biological Activities of Melissa officinalis:
Molecular Evidences from Preclinical Studies

The biological properties of the lemon balm herb can be
associated with the presence and combined action of bioac-
tive compounds such as terpenoids, rosmarinic acid and

phenolic antioxidants. The most important bioactive com-
pounds from M officinalis and their correlation with biolog-
ical activities are shown in Figure 6.

5.1. Effects on the Central Nervous System

5.1.1. Neuroprotective. In several in vivo and in vitro studies,
the neuroprotection and beneficial treatment of several ner-
vous disorders were attributed to the administration of M.
officinalis.

Methanolic extract of M. officinalis administered to
PC12 was reported to provide cell protection against H,O,
toxicity in lactate dehydrogenase (LDH) and 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (MTT)
assay [95]. Moreover, reduction in the intracellular forma-
tion of reactive oxygen species and neuroprotection was
attributed to the administration of aqueous and methanol
extracts M. officinalis [96]. Lemon balm was reported to
have neuroprotective activity against 3,4-methylenedioxy-
methamphetamine-induced cell apoptosis in response to
free radicals.

Soodi et al. [97] carried out an in vivo study on rats to
validate the significant effect of M. officinalis as a potential
agent for improving brain health. The study determined that
the 80% ethanol extract of M. officinalis improved memory
in induced memory-impaired clinical rats and concluded
that M. officinalis extract has probable therapeutic potential
in alleviating memory loss.

5.1.2. Antidepressant. Ethanolic extract of M. officinalis was
orally administered in three different concentrations of 30,



Oxidative Medicine and Cellular Longevity

JUSWIPUOD J33q B SB Pasn qIoy djewore uy

[¥<] (ssau[[t TeUOTIOWd JO 3SBD UL OS[R) mEE?u IoJ pue aunssaxd 0115093 SIAEI] ‘syred [eLRY Jred [euoneN ISIOJN ‘O1Ze] AONNE%«\%Q:
POO[q TOMO] ‘UOTISIZIP INOALJ 0} PIsn ST UOID03P A, B a
[€g] Surreay punoy dnmod S9ARY] ounsaAfe A /ATes]
9J1q 123sul [edY O SOATIL S SIABI sayoIew/A
43 ¥1q 3238UT [eay O, paysd o ssaxdwiony 1 orew/ATel]
onost ‘s883 usjeaq — SJOOUS ‘SIARY eLIqui) /ATe
(€] )M JO JNOYIIM JBJ UI PILIJ PIIoq (s238I2Aq JI[OYOI[Y 00 1 HQUA/AEI
[15] o1u0} pue OuR)sAynuUe Orpowsedsuy — SI9MO]J ‘S9ABYT (oruues ojuassuaq) eruedure)/A[ely
[os] [01U05 s93aqeIp ‘smyumidiue pue JUTWEISIYHUY uor11003(J syred [eroy eySUBULIDY /UeI]
[6¥] 9ATIEPIS O1AINI(] uor11009(J SIARYT uejsiyon[eq ‘uelsig/uel]
[s7] SAT)EPaS uo1n1033(] SPa9s ‘SoALYT (ueysired-ue(Iy) siegj/uelf
PAIS[NAUOIUE DAEPAS uorsnju SIABI[ ‘SIOMO ueseIo JION/URL
[27] ‘ssamsnue orjoudAy O1uo) aa19U ‘Arowowr oy} uaySuans o, ISTYUI I 1 B GHON/UBT
[67] uorssaxdop ‘Ajerxuy — syred [erroy (proyaIyeys) LenPeg pue [eyewIeyey)/uel]
[o%] uoneredaxd eurjop ur deim e se pasn — SaARIT ueweimep]/beiy
[s¥] uaSojoeres Oyoey)00) OYDEPLY 10§ DIsaS[eur OnaIMI(] ©3) [eqI9H S9ARY] bery
SoSuasIp JIOSEAGTPIE ‘Sueory (‘wg) ewrssye ‘dsqns
[¥¥] J0 uonyuasaxd oty 103 boe( eukSouowr snoerern uoIsnjuI 10 Uord023(J s BIUOPIIBIA[/3I39.15)
. SI[RUIDLJO DSSIJIJA JO SIARI]
IIM UONRUIqUIOD UI UOID0I3P B SB PISN DANRPaS Sy
(54! SIATIN paysni) saypuelq ‘sjyuefd apoym elo/10penog
[z¥] BIUIOSUI ‘JUBXB[Y uorsnjuy SIABI ‘SWIAS adiyoury)-erourez pue elo/Iopendyg
. SSoUpeSs pue AJoypuepur .
igyad jsurede oS{earqireay £q pasned ssoussa[doars Jsuredy sied [eHay Hewwed
[o¥] JATIRPAS uorsnjuy S9ARY] SALIdIND soT pue epiodury Iy T/eruorere)
amadde saroxdwy uono023(J qIoH
[6€] eruojradAyg uo11009(J qQIH erredmg
1ozibuen anepag uor1009(J SIARYT
[8€] JATIEPaS ‘QuIRISIWI ‘QAT}EWI[BD) Uuo1)2029(J SIARY [1zeig
pzuanput amssaid — SIA®D RULIR)JR)) BJURG/[IZRI
23 Ppoo[q donpai 0} Teunsajurorsed ‘sarqeq ut ured o1j0D) 1 HEIRD Bues/led
[9g] suonodjur A1oyendsar ‘swiseds SIOPIOSIP JAISIZIP “BruwIOSu] uorsnjujy syred [eroy UTEJUNOJA] JOAB(/BUIAOSIZISF] PUE BIUSOY
[97] swa[qoxd jreay ‘swo[qoxd [esr3o[oyAsg uorsnjuy S9ARY] efedured)/erafog
[ce] POOJ A[Iq PUE JIAT] ‘WISLS [10 [e1juassd - —
SNOAJOU }OBI) [BUTISAIUIONSES oY) JO SISBISIP JO JUSWIILIL], [CUIIXD “€d) Se [euIoIu] :
[¥€] 9ATIBPAS — — SOpUY SO[ 9p UNMEJA UeS/eunuadiy
SI0URIJY SST [RUOTJIPEI], uoneosrjdde jo apojy juerd jo jred/ueSio uo13a1/Anuno)

"SILIJUNOD) JUSIAYIP UL SipUIdLfJo vssijajAl JO SISN [eUONIPEL], :] 414V ],



Oxidative Medicine and Cellular Longevity

‘wuIog viopout

17 2ATIEPas ‘I9om ‘snunsed ‘sured yoewo): UO0I112099 dsqns T sypuiffo vssyo elopeyuy /Aaxin
nep: M “snl fed g S I d qns T Stvu P AeJUY /ANINT,
syred [eroy
0z SISBISIP 118D uorsnju SIALY srwrerfeq/£axn
P H Isnjup T /AT,
69 srpowsedstjue ‘sajoqerp ‘proo ondasnu — SOALY SeIejAl “M/Aaan
p I qeIp Pl ndesnpuy T N /AN ],
STILIOIUD ‘SHITYOUOIQ ‘N[ P[0 ‘SJQeRIP ‘ssau[nj}adiof wonP095(
‘SOSBASIP JR[NOSLAOIPIED SHILIYdou ‘SaseasIp yoewols :
wimeiopad winoLadAy syred Terro Z] “eUeIy P LA ®IA0SIp[eA) eAr[y/ured:
[89] uorssaxdop quexeoy )M IO JUO[E “UOTSNyUT Hed [V (Prz1 Vo 2IPA ¥ PIPA) pAR[Y/ureds
‘s)red [eroe :ed) [eqIoE]
ured yoewo)s ‘snryouoIg uorsnyuy
([eawr Jojye uaye) ©a}) uonsaSIpur
[29] pue saypepeay] UoIsua) ‘uorssadap ‘Ajorxue snoAou edT, syred [euoy urejunojy yruoedoy[/erqiog
10§ uaye) Areurayur ‘sonradord aansadip ‘Gurxeror 0anepag
SISOINAU JBIPIED ‘Uonennsuaw nyured ‘Funruoa easneu
[99] 101 ¢ 3 dd uorsnjujy QoY eISSIY
3 9oex) Teunsajuronsed pue anadde ayy sjemuuns o,
[59] soyoepeay ‘swo[qoid jresf] [10 [ET}UaSSd ‘BT, SOABYT UTeJUNOJA 1IeYS/eruopadely jo orqndoy
‘uone[NWIIS AIOWAWN 9Ieay Y} 10} ‘suinsed pue
SUO® [DOBWIO)S LZUSN[JUI PUE JYOEPLIY ISAJ ‘UONR[NWIS ‘paLIp 10 ysa1j e
(vl aq1q pue uonsadip ‘ured pue sase [eurysajur {(uonsaSipur HoyUL ‘sTOMO[J ‘Swdls ‘syred [eroy SONOIN-50-Sp1 1 /[eBn310d
SNOAIOU pUe swseds IUWOSUT ‘SSAUSNOATIU) UOT)EXE[Y
[s2] aarsudjodAy pue aanepag uorsnyuy SoARY] [seouy/nig
[£9] a8nj11qey quadurnse ‘LIYLIBIP-NUY — syuerd sjoym JOOD0IOIN
[29] anSogejoyd> pue aanemdap Onijowseds sy uorsnyuy syred [eoy TIQY[eT TeSH/0220I0IA
sads s U003 so1j) syred [eris BIUOPIDE
[19] Pasn ‘UOT}EXE[oI pUE ‘UOTJBIIUIDUOD ‘SN0 UIIYSAS SNOATIN H203d (gsaxy) syred perioy HHOp%EN
soumyad pue — — JAIISIIOIY BSSNOJA [BqE(/UOURGD
[ee] jue[d [eUDIPIW JUIWIPUOD B3} [eqIdY 0IdS © Se PajsaATel] 'q W Teqel/ 1
Arourow pue
[09] — SIARYT
SIOPIOSIP Yoewols ‘QurerSiur 4reay Y} udyISusIlg
JUBXE[2I-0ININ uonO023(J
[6S] syred [eary uedd( pue (o4/0A050
£oueuaxd unmp sured [eurwopqe Sunean 1o uorsnyuy
[8¢] SIIYIE SI9pIosIp [esrSojooaeusS ‘ured [euriopqy — syred Teroy uepiof
(28] 2A1$331p pue Orpotseds)ue QAIJRUTULIED QATJEPIS uorsnyuy syred [euoy uepiof
[9¢] saysIp Auewr ur Juruoseas — SOABYT ojuares/ATely
swseds Areurm
pue ‘sdurern [ennsuawr ‘sjure[dwod [eur}sUIONSES — qI9H "
[ss] Teuonouny ‘swajqoxd Surdesys ‘woneide snoaroN BIUIpIeS/A[BI]
swoydwiAs rennsuowraxd aadrpr sdjoyg '3, SOABIT
SIOURIJOY ST [BUOTJIPEI], uoneosrjdde jo apojy juerd jo jred/ueSiQo uo13a1/Anuno))

‘ponunuo)) 1 1AV ],



Oxidative Medicine and Cellular Longevity

ondjorxue Orwaeprdinue
‘Terianue 9Ansadip ‘0and9jordojedoy ‘Arojewruwrerjur-nue
QATJEPIS DSBISIP JOWIAYZ[Y JsureSe
‘SpunoOMm ‘s19o[n “er193sAY ‘srsoydssd ‘uorssardop
‘SRIUIATIIR QIN[IeY JBIPILD “LYLIOUIE ‘SHIYOUOI]

(8] ewry)se ‘osrefewr 9doouss ‘03nIoA BIWRUR ‘SSOUSNOAIIU B seld 0y m (oa135y 219ydsorg [PRPYD) UMYSLL/UEISPRGZN
BaSNBU OT[0D “QOUINJBJ ‘SIYDBYJ00] ‘SIAYDePEIY
sdoido eruwosur priwr ‘uorssaxdop ‘wsiprorfyyrodAy
UOTSU) SNOAIIU [IIM PIJBIDOSSE UONSaFIpur
‘Sp[0d pUe S19A3J 9ANSATIP onaIntp ‘ssaufyt feyuawr ‘Asdoqidg
9SBISIP [BUIISIIUI PUR [JDBWIO)S “ORIPIED ‘peIY Ul Ure Uo1)2029p ‘uoIsnju wiwiog viopout dsqns ] ULIIPUY) Seleurueweryey/Aasn,
2] Ip [PUNSSIUI PUE (DEUI0IS OPIPIES ‘Peay Ul Uleq B2029P UOSTYUL . ouflo pssyapy Jo syted ooy (uupuy) yey/Aosm,
. wuiog viopous “dsqns ]
[92] SATJRUTULIED pUE JLI)SeS 9A1epas uorsnyu| sypuiffo vssyap jo sied ey (14squeser] pue a5yeyq) aAturwIsQ/Am,
OAT}EPIS “BasNEU ‘UOTISITIPUI ‘QUDEPEIY D)Iq JOISUT SIAYI00 — stpussiffo “dsqns BI[O( YRWHII$D £ ) Unsureg/£axIn
s nep NSIBIPUL AYDEPEY] 211q 125UT $YI00G SyjpUIJo DSSHII JO SIAEIT QICOR LSOV S/daymy,
[w2] BIUWIOSUI ‘P[0OD ‘S232qRI(] uorsnyu| syred [eroy nxdoyunzn/Aaymy,
uordar ured

aAT)epaS a3 03 pardde axe syio sypupyfo ~dsqns BI[OJRUY /AN,

[e2] Hep B 3 Pl r SypUIdLJo VSSIIIAT JO SIARDT L t

pue B3) SB UOI2009(]
orsad[eue ‘ourerdrur . .
“CULILIP QAISIZIP DSLISIP TB[NOSBAOTIPILD uorsnju| stpuagfo “dsqus 1 (eAreruy) eonumy[/Aapmy,
[ec] e T : : : sipupfjo vssippy Jo sixed [eroy
‘SIOPIOSIP [EUNSIIUI ‘SIOPIOSIP YOBWO)S ‘FUIXe[oy

SIOURIJY SST [RUOTJIPEI], uoneorjdde jo apojy juerd jo jred/uediQ uor3a1/Anunoy

‘panunuoy) i1 414V,



10 Oxidative Medicine and Cellular Longevity
r————32 Melissa officinalis B
Rosmarinic acid I(\Z/[itr(ilkllelllal
Ursolic acid N en1 o
Oleanolic acid Gero g |
Caffeic acid \J eranio!
ic aci _— Eugenol
p-coumaric acid
Gallic acid ‘ Caryophyllene
Chlorogenic acid (X—Calryophyllene
Caffeic acid / \ ﬁ.—ocllmclene
Salicylic acid o o L{na 00
Ellagic acid / S Pinocarvone
Rutin [ o ® ¢ Myrtenol
Isoquercitrin oS 4 a-bergamotene
Quercetin Bioactive compounds a-humulene
' Health benefits

Neuroprotective @) Arowatherapy

Anti-inflammatory Anxiolytic

Cardioprotective {Sleep disorders

Anticancer Antidiabetic

Antiviral, {HSV-1 Antibacterial

FIGURE 6: Summarized scheme with the most important bioactive compounds from M officinalis and their correlation with biological

activities.

100, and 300 mg/kg on a period of 10 days to Wistar rats and
forced swimming and elevated plus-maze, and open field
tests evaluated their behavioural effects [98]. Moreover,
comparative effects against diazepam and fluoxetine were
also evaluated. In the elevated plus-maze test, the percentage
results in rats with subacute M. officinalis ethanol extract
were remarkably higher than that in vehicle-treated animals
but similar as in the diazepam-treated group, irrespective of
the treatment duration. In the forced swimming test, the
duration of immobility was reported lower in rats treated
with the M. officinalis than that of the vehicle-treated group.
In the 10-day treatment period, the antidepressant activity
of fluoxetine was significantly higher than that of lemon
balm [98].

5.1.3. Anxiolytic. Anxiety is a pathological emotional state
characterized by anxiety, fear of the possibility of imminent
danger or failure and over time natural remedies have
proven beneficial [4, 99, 100]. Studies have shown that the
anxiolytic effect of M. officinalis is dose dependent, and the
responsible biocompounds are rosmarinic acid, pentacyclic
triterpenes, and oleanolic and ursolic acids. Methanolic
extract of M. officinalis was administered to the rat brain
[101]. Rosmarinic acid, among the main components of
the M. officinalis, was reported to have extensive y-Amino-
butyric Acid Transaminase (GABAT) inhibition medicinal
properties. In vivo administration of aqueous extract of M.
officinalis along with P. caerulea was reported to demon-
strate anxiolytic activity through reduction in corticosterone
(physiological stress mediator) level [27, 102, 103].

5.2. Antidiabetic. Chemical constituents of M. officinalis,
oleanolic acid were reported to have potential antidiabetic
pharmacological activity by survival and preservation of

pancreatic fS-cells along with protection against diabetic
complications. Hence, lipophilic triterpenoids in combina-
tion with the ethanolic extract of the plant have been proven
as latent antidiabetic agents [27, 102].

Ethanolic extract of M. officinalis (0.6 mg/mL) was
reported to induce cell-specific peroxisome proliferator-
activated receptor (PPAR) gene expression to human pri-
mary adipocytes. However, replication of the same effect in
clinical conditions needs further studies with lower doses
which are more likely to be administered in humans [104].
Ethanolic extract of M. officinalis ethanol (200 mg/kg) was
administered to obese mice with known case of insulin resis-
tance for 6 weeks, and a significant reduction in glucose level,
weight reduction, and insulin resistance was reported [105].

Alcoholic extract of M. officinalis has been reported to
have antihyperlipidemic effects through inhibition of choles-
terol synthesis and its secretion [106]. Moreover, the ethano-
lic leaf extract of M. officinalis was reported to treat insulin
resistance, plasma triglyceride, hyperglycemia, and dyslipid-
emia in rats through activation of peroxisome proliferator-
activated receptors which in turn regulates lipid and glucose
metabolism in the body. Hence, ethanolic extract of lemon
balm was reported to have potential activity in the preven-
tion and treatment of diabetes mellitus (type-2) and hyper-
lipidemia [107, 108].

Recently, Lee et al. [109] indicated that a herbal extract
of M. officinalis not only inhibits visceral obesity but also
attenuates the increased fasting blood glucose, impaired glu-
cose tolerance, and pancreatic dysfunction in female obese
mice.

5.3. Cardioprotective. M. officinalis was reported to have sig-
nificant cardiovascular effects in heart palpitations along
with significant cardioprotective and cardiac tonic activities.
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TaBLE 2: Clinical studies of Melissa officinalis.
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Design

Observations

Country  Ref

Randomized, double-blind,
placebo-controlled

Randomized, crossover trial,
placebo-controlled

Randomized, double-blind,
placebo-controlled

Prospective pilot study, single-

center, open-label

Randomized, double-blind,
placebo-controlled

Randomized, double-blind,
placebo-controlled

Randomized, double-blind,
placebo-controlled

Randomized, double-blind,
placebo-controlled

Randomized, double-blind,
placebo-controlled

Randomized, double-blind,
placebo-controlled

Randomized, double-blind,
placebo-controlled

In this study, the effect of M. officinalis supplementation was evaluated on borderline
hyperlipidemia patients.
The herbal capsule of M. officinalis extract showed significant results in
hyperlipidemic patients.
It reduced the level of low-density lipoprotein (LDL) and aspartate transaminase (AST)
at the dose of 500 mg (two capsules of M. officinalis three times per day up to 2 months)
(trial registration number: IRCT2014042017347N1).

In this study, investigations on safety, tolerability, and pharmacokinetics of a single
dose of M. officinalis extract were performed.
A single dose of M. officinalis extract containing 500 mg rosmarinic acid seems to be
safe and tolerable in healthy individuals.
It does not affect liver, kidney, and blood cell functions, and no harmful effects
were reported during this study by the patients (trial registration
number: UMIN000004997).

In this study, the effect of M. officinalis extract was assessed against heart palpitation.
Leaf extract of M. officinalis (500 mg two times per day up to 14 days) significantly
reduced the incidence of palpitation and the number of anxious patients.

It showed safe and beneficial effects in the treatment of palpitation patients, and
no side effects were recorded during this study (trial registration
number: IRCT2013012712303N1).

In this study, the effects of Cyracos (standardized extract of M. officinalis) were
evaluated against anxiety disorders and sleep disturbance.
Chronic administration of leaf extract of M. officinalis (600 mg per day up to 15 days)
reduced the stress-related effects including anxiety manifestations (18%), ameliorated
anxiety-associated symptoms (15%), and insomnia (42%).

In this study, the effect of M. officinalis oil was estimated against agitation in
Alzheimer’s disease.
Aromatherapy with Melissa oil was not effective compared to the known drug (trial
registration number: EudraCT23148/0001/001-0001).

In this study, anxiolytic effects of the herbal combination were evaluated during the
laboratory-induced stress.
M. officinalis (80 mg) and Valeriana officinalis (120 mg) were used as a combination,
and their 600 mg dose improved the negative effects of the defined intensity stressor
simulation on ratings of anxiety.

In this study, the effectiveness and side effects of M. officinalis with two other herbs
were evaluated against infantile colic.
After the 1-week treatment of the herbs, crying time was reduced in 85.4% of subjects
compared to control (48.9%) and no side effects were recorded during the study.

In this study, the effects of M. officinalis on laboratory-induced psychological stress
were investigated.
The 600 mg dose of herbal extract reduced the negative mood effects of the defined
intensity stressor simulation and increased the self-ratings of calmness.

In this study, the effects of M. officinalis on modulation of mood and cognitive
performance were evaluated.
The results indicated that doses of Melissa at or above can improve cognitive
performance and the dose of 1600 mg showed the best results.

In this study, the efficacy and safety of M. officinalis extract were evaluated in mild to
moderate Alzheimer’s disease patients.
After the 4-month treatment, herbal extract (60 drops per day) showed a significant
outcome on cognitive function compared to control.

In this study, the effects of M. officinalis were investigated against herpes simplex
infections and the results suggested that the ingredient of the Melissa gave protection
against herpes simplex infections and early-stage treatment revealed itself as
most effective.

Iran

Japan

Iran

France

UK

UK

Italy

UK

UK

Iran

Germany

[138]

[139]

[111]

[140]

[141]

[142]

[143]

[144]

[145]

[113]

[146]



https://en.irct.ir/trial/15970
https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_his_list.cgi?recptno=R000005939
https://en.irct.ir/trial/12390
https://eudract.ema.europa.eu/
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This effect is due to the presence of saponins and alkaloids.
The cardioprotective effects of aqueous extracts of leaves of
M. officinalis along with Lippia alba (Mill.) (http://N.E.Br).
ex Britton & P.Wilson and Cymbopogon citratus (D.C.) Stapf
(concentrations, 0.038, 0.38, 3.8 and 38 mg) was reported in
an in vivo study on 21 male adult rats to evaluate their activ-
ity upon heart rate and cardiac contractile force. The statis-
tical evaluation showed a significant reduction in cardiac
rate through muscarinic receptor stimulation while no effect
was reported to alter cardia contractility force [110].

Pharmacological evaluation M. officinalis was mainly
focused on its antiarrhythmic activity. The administration
of ethanolic extract of lemon balm was reported to reduce
ventricular fibrillation, tachycardia, and premature beats in
CaCl,-induced arrhythmias [111]. 3-Adrenergic antagonis-
tic activity of lemon balm was reported to have antidysr-
hythmic activity and induce bradycardia [27, 102].

5.4. Anti-Inflammatory. Reduction in inflammation-induced
edema in rat paws has been attributed to the administration
of aqueous extract of lemon balm. In addition, the adminis-
tration of ethanolic extract of M. officinalis, mainly attrib-
uted to rosmarinic acid content, was reported to exert
antinociceptive effects by inhibiting the L-arginine-nitric
oxide pathway and activating the cholinergic system [27].
M. officinalis ethanol extracted powder mixed with corn
starch in 1000mg capsule form was administered to test
the group having dysmenorrheal [112]. The severity of pain
was significantly reduced from 7.63 to 2.00 in the second
menstrual cycle. A remarkable result difference in the first
and second menstrual cycle was reported respective to the
severity of the pain [113].

5.5. Anticancer. A comparative study of five different
extracts of M. officinalis was conducted to explore the anti-
cancer effects of this medicinal plant on cell lines by Magal-
hées et al. [114]. The outcomes of this study sign posted that
tumour cells growth was inhibited by employing five differ-
ent extracts on three types of human tumour cell lines
depending on the concentration of M. officinalis in the
extract. The highlights of this study also revealed an inhibi-
tory effect on tumour cell growth by ethanolic extract due
to the presence of rosmaricinic acid, with potent penetration
power and endorsed M. officinalis as a source of bioactive
composites with antitumour potential.

Another study was conducted on human colon carci-
noma cells to sensitize the M. officinalis as a dietary inter-
vention and as a pharmaceutical plant by [115]. The study
evidenced that lemon balm methanolic extract prevents the
propagation of colon carcinoma cells and self-induce apo-
ptosis in HT-29 and T84 human colon carcinoma cell lines
after 3 to 4 days. Another study investigated lemon balm
as an antiproliferative agent on different types of cell lines
of breast cancer. The outcomes showed that M. officinalis
extracts have anticancer potential against breast tumours in
the cell culture line, due to the presence of the phenolic acids
[115]. The recent work of Ghiulai et al. [116] reported how
lemon balm extracts prevent breast cancer progression
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in vitro and in vivo using the chorioallantoic membrane
assay.

5.6. Antimicrobial. The discovery and introduction of antibi-
otics in medicine had a beneficial effect on the control of
infectious diseases [117, 118]. Unfortunately, excessive use
of antibiotics has been accompanied by the rapid emergence
of resistant bacterial strains that are difficult to eradicate and
undesirable side effects [7, 119]. As a result, the researchers
focused on the discovery of natural bioactives with antibac-
terial effect but with fewer side effects [120]. Leaf extract of
M. officinalis was reported to have antimicrobial activity
against bacterial strains of 13 test microbes. The antibacterial
effect of the essential oil of M. officinalis was due to the con-
tent of aldehydes, ketones, and monoterpenes [121, 122].
Gram-positive bacteria were reported to exhibit more sensi-
tivity to plant extract than Gram-negative bacteria.

5.7. Antiviral. Oral herpes is caused by the herpes simplex
virus type 1 (HSV-1), which enters the body and reactivates,
causing an unsightly lesion on the surface of the lips, during
periods when the immune system is weakened [15, 123].

A special biological action of M. officinalis is antiviral on
the herpes virus herpes simplex 1 (HSV-1). This antiviral
activity is determined by polyphenolic acids and their deriv-
atives, compounds present in the aqueous extract obtained
from the M. officinalis leaves. The mechanism of antiviral
action involves interaction between polyphenolic com-
pounds, viral proteins, and cell membrane proteins. There
is a blockage of membrane receptors (from the cells of the
mucosa where the rash is to occur) by polyphenolic com-
pounds, thus preventing the adhesion of the herpes virus-1
to the cell wall and, thus, the beginning of the viral infection
spread cycle, after transduction [124].

5.8. Antithyroid Activity. The thyroid gland produces thy-
roid hormones, which have many functions in the body,
one of which is to regulate metabolism [125]. Thyroid dis-
eases are treated with medication and surgery, but there
are also natural remedies that can be used for treating these
[126]. In vitro experiments showed an antithyroid activity
for aqueous extracts of M. officinalis leaves. Thus, the con-
version of T4 to T3, depending on the dose, was observed
by action on iodothyronine deiodinase obtained from rat
liver microsomes [127]. The effects are dose dependent and
are due to caffeic, rosemary, and chlorogenic acids. Com-
pared to some conventional antiviral drugs (idoxuridine),
these bioactive compounds from M. officinalis cause a short-
ening of the healing period of herpes lesions and a decrease
in the recurrence of viral infection. [127].

6. Clinical Studies

Recently, a research group from Iran reported the effects of
M. officinalis leaves (in the form of Melissa capsule) on anx-
iety and sleep quality in patients undergoing coronary artery
bypass surgery. The clinical trial was conducted on 80
patients, and all patients were given herbal drugs (500 mg
of M. officinalis leaves) while the placebo control group
was given 500 mg of wheat starch three times a day. The
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results of seven days of treatment with M. officinalis reduced
the level of anxiety (49%) and improved the sleep quality
(54%) in patients after coronary artery bypass surgery [128].

Watson et al. [129] from Sydney reported the effects of
M. officinalis essential oil in the treatment of agitated behav-
iour in older people with and without dementia. A total of 39
nursing home residents with dementia and 10 without
dementia participated in this study. Participants were treated
with essential oil for two weeks followed by a two-week
washout period before commencing the subsequent treat-
ment. Essential oil of M. officinalis exhibited more effective
in reducing agitation in people without dementia (Trial reg-
istration no: ACTRN12614000130662) [129].

Tavares-Silva et al. [130] from Brazil demonstrated the
efficacy of M. officinalis and Phytolacca decandra L. and its
combination in the treatment of possible sleep bruxism in
children. The clinical trial was conducted on 52 children,
based on the parent’s report of sleep bruxism. The results
of 30 days of treatment with M. officinalis reduced the pos-
sible sleep bruxism in children, while its combination with
P. decandra did not improve the results (Trial registration
any: NCT02870543) [130].

Nayebi et al. [131] reported the impact of M. officinalis-
based products in diabetic patients (affected by Type 2 dia-
betes). The clinical trial was conducted on 37 dyslipidemic
diabetic patients, and all the patients were treated with M.
officinalis or placebo at the dose of two 500 mg, administered
as capsules daily in a 3-month timeframe. M. officinalis
significantly decreased the serum level of triglyceride,
and no other metabolic changes were recorded when
compared with the control group (Trial registration no:
IRCT2015112625251N1) [131].

Asadi et al. [132] demonstrated the antidiabetic activity
of hydroalcoholic extract of M. officinalis in type 2 diabetic
patients. The clinical trial was performed on 62 patients
receiving the dose of Melissa officinalis or placebo (700 mg
per day) twice for 12 weeks. The results of this study indi-
cated that M. officinalis extract causes a significant change
in fasting blood sugar level, glycated haemoglobin (HbAlc),
and systolic blood pressure in comparison with the placebo
group. The herbal capsule of M. officinalis was safe and effec-
tive in enhancement of lipid profile, glycemic control, and
reduction of inflammation (Trial registration number:
IRCT201701162709N41) [132].

Darvish-Mofrad-Kashani et al. described the efficacy and
safety of M. officinalis in the improvement of hypoactive sex-
ual desire disorder in women [133]. A total of 89 women
suffering from the disease participated in the study and were
treated with the aqueous extract of M. officinalis or placebo
with a dose of two 500 mg capsules per day for 4 weeks.
The results of the 4-week study demonstrated that M. offici-
nalis extract significantly increased the scores of desire,
arousal, lubrication, orgasm, satisfaction, and pain com-
pared to placebo in hypoactive sexual desire disorder in
women [133]. Another research group from Iran also dis-
covered the combination of M. officinalis and Nepeta
menthoides Boiss. & Buhse in sleep disorder [134]. A total
of 102 patients participated in this study, but only 80 were
selected after the screening. Selected patients have been

13

treated with the dose of 1000mg of M. officinalis plus
400 mg of N. menthoides or a placebo for four weeks. The
4-week trial demonstrated that a combination of both
showed significant activity against insomnia (Trial registra-
tion number: IRCT2015040621592N2) [134].

Oral administration of M. officinalis and its impact on
biomarkers of oxidative stress, inflammation, and lipid pro-
file in chronic stable angina patients were reported by Javid
et al. [135]. The clinical trial was conducted in 80 patients
with chronic stable angina and treated with a dose of 3 g
per day for 8 weeks. The oral administration of M. officinalis
powder significantly improved the lipid profile, malondial-
dehyde (MDA), high sensitivity c¢ reactive protein (hs-
CRP), and PNOL in chronic stable angina patients (Trial
registration number: IRCT2016052928152N1) [135]. Perry
et al. [136] from the UK reported the effects of a combina-
tion of Salvia officinalis L., Rosmarinus officinalis L., and
M. officinalis (SRM) against enhancement of memory and
brain function in a healthy person. The results of the study
demonstrated that an oral administration of SRM combina-
tion at the dose of 5mL two times per day for 2 weeks is
more effective when compared with a placebo [136]. Marti-
nelli et al. [137] from Italy reported the effectiveness of
Matricaria chamomilla L., M. officinalis and tyndallized Lac-
tobacillus acidophilus (HA122) in infant colic. A total of 176
patients completed the 28-day trial, and crying time was sig-
nificantly lower in groups A (who was given M. chamomilla,
M. officinalis, and tyndallized L. acidophilus) and B (who
was given Lactobacillus reuteri) when compared with group
C (who was given simethicone) at the 28th day. The admin-
istration of M. chamomilla, M. officinalis, and tyndallized
L. acidophilus showed more effectiveness than that of
simethicone in infant colic (Trial registration number:
NCT02708238) [137]. Other important clinical trials of
Melissa genus have been summarized in Table 2.

7. Safety Data

The safety aspects of M. officinalis were testified by Haybar
et al. [147]. Furthermore, verdicts of potential open-label
research trials did not impart any adverse effects after oral
consumption of M. officinalis 600 mg per day dose. The
anxiolytic effects of M. officinalis do not affect the circadian
activity and are not accompanied by benzodiazepine-specific
reactions. However, doses higher than 600 mg extract/day
can increase anxiety and negatively affect mood [140].

The outcomes of two more further clinical studies
showed no antagonistic effects among the different treat-
ments of experimental studies [146]. Opposing the afore-
mentioned outcomes of different researchers, some other
clinical trials observed adverse effects of M. officinalis
consumption.

A controlled randomized study described cases of
vomiting, faintness, wheezing, hyper activeness, abdominal
cramps, and queasiness after drinking 60 drops of M. offici-
nalis extract in a 60 days trial [113]. Alijjaniha et al. [111]
also reported a significant increase in hunger after the M.
officinalis administering. The 1200 mg dose of M. officinalis
resulted in causing headache, skin irritation, burning


https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=365702
https://clinicaltrials.gov/ct2/show/NCT02870543
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=365702
https://en.irct.ir/trial/2552
https://trialsearch.who.int/Trial2.aspx?TrialID=IRCT2015040621592N2
https://trialsearch.who.int/Trial2.aspx?TrialID=IRCT2016052928152N1
https://clinicaltrials.gov/ct2/show/NCT02708238
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sensation, increased palpitation rate, and hormone inhibi-
tion, particularly thyroid hormone as reported by Ulbricht
et al. [148]. In conclusion, utmost attention should be
given in case of long-term utilization of this herbal plant
concerning the therapy of the above-cited health associ-
ated conditions.

8. Therapeutic Perspectives

“Nutraceutical Science” represents a great challenge for the
future [149, 150]. An emerging direction was given by nano-
nutraceuticals that assure their value at a nanolevel as well as
safety and efficacy [151, 152]. Nowadays, some emerging
applications of nanotechnologies to Melissa extracts have
been reported [153-155]. For instance, Rostami and Esfahan
[155] described the development of a smart edible nanocom-
posite based on mucilage of M. officinalis seed/montmoril-
lonite/curcumin. This may open a novel frontier for the
use of this plant and understanding the mechanism of action
of its components.

Therapeutic limitations of bioactive natural compounds
are represented by possible interactions with other drugs
[2, 156]. Regarding drug interactions, M. officinalis may
have a sedative effect if combined with alcohol, over-the-
counter sleep treatments, or prescription sedatives such as
clonazepam, lorazepam, phenobarbital, and zolpidem. It
may also interact with other medicines levothyroxine (to
treat thyroid disorders), warfarin, clopidogrel (anticoagu-
lants), travoprost (antiglaucoma), tamoxifen, and irinotecan
(cytostatics). [157].

9. Concluding Remarks

Considering the naturally occurring bioactive molecules
with a beneficial potential that can be obtained from plants
and herbs, the Melissa officinalis is one of the widely used
medicinal herbs worldwide. Based on scientific data, M. offi-
cinalis can be used traditionally for the treatment of several
diseases with less toxicity and side effects to support or, in
the same cases, as an adjuvant to the conventional pharma-
cological therapy. The recent researches supported the use of
M. officinalis for the treatment of certain diseases. Based on
this, more researches should be carried out to explore the
therapeutic and nutraceutical potential properties of M. offi-
cinalis. Nevertheless, there is a need for further in vivo and
in vitro research and clinical trials to better understand the
related mechanisms of action in the treatment of various
diseases.
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