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a b s t r a c t

Ethnopharmacological relevance: Melissa officinalis L. is a medicinal plant that has long been used in
different ethno-medical systems especially in the European Traditional Medicine and the Iranian Tra-
ditional Medicine for the treatment of several diseases. It is also widely used as a vegetable and to add
flavor to dishes
Aim of the review: This review aimed to provide a summary on the botanical characterization, traditional
uses, phytochemistry, pharmacological activities, pharmacokinetics and toxicity of M. officinalis, and
discusses research gaps and future opportunities for investigations on this plant.
Materials and methods: We extensively reviewed major unpublished old texts, and published and elec-
tronic literature on traditional medicines of different regions of the world to find traditional uses of M.
officinalis. Electronic databases including Web of Science, PubMed, ScienceDirect, Google Scholar and
Scopus were searched to find articles (published between 1956 and 2015) on pharmacology and phy-
tochemistry of M. officinalis.
Results: Traditional uses of M. officinalis have been recorded mostly in European countries, Mediterra-
nean region and Middle East countries. Phytochemical investigations revealed that this plant contains
volatile compounds, triterpenoids, phenolic acids and flavonoids. Crude extracts and pure compounds
isolated from M. officinalis exhibited numerous pharmacological effects, from which only anxiolytic,
antiviral and antispasmodic activities of this plant as well as its effects on mood, cognition and memory
have been shown in clinical trials. AChE inhibitory activity, stimulation of the acetylcholine and GABAA

receptors, as well as inhibition of matrix metallo proteinase-2 are the main mechanisms proposed for the
widely discussed neurological effects of this plant.
Conclusions: Modern pharmacological studies have now validated many traditional uses of M. officinalis.
The data reviewed here revealed that M. officinalis is a potential source for the treatment of a wide range
rved.
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of diseases especially anxiety and some other CNS disorders, though confirmatory trials are warranted to
substantiate these effects in the clinical setting. Data regarding many aspects of this plant such as me-
chanisms of actions, pharmacokinetics, adverse effects of the extracts, potential interactions with stan-
dard-of-care medications and active compounds is still limited which call for additional studies parti-
cularly in humans.

& 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

More than 20,000 plant species are used in various traditional
medicines around the world, and are considered as potential re-
servoirs for discovery of new drugs (Amor et al., 2009). Melissa
officinalis L., commonly known as lemon balm, is a well-known
medicinal plant of Lamiaceae. For more than 2000 years, fragrant
leaves of this plant have been widely used in cooking to add flavor
to dishes. The plant has also been used for the treatment of mental
and CNS diseases, cardiovascular and respiratory problems, var-
ious cancers, and as a memory enhancer, cardiac tonic, anti-
depressant, sleeping aid and antidote (Cogan, 1636; Osbaldeston,
2000; Evelyn, 1699; Dastmalchi et al., 2008; Jorjani., 1976; Ibn
Sina, 1987). Medicinal properties of this plant were first in-
troduced by Dioscorides (40–90 CE), the father of pharmacology, in
De Materia Medica. Since then, medicinal properties ofM. officinalis
were mentioned in many other landmark medical books including
Canon of Medicine by Avicenna, Zakhireh Kharazmshahi “The
Treasure of Kharazmshah” by Jorjani and Al-Hawi “The Continens”
by Rhazes. Since 1984, M. officinalis has been listed in “The
Commission E Monographs” (Blumenthal et al., 2000). The plant is
also listed in several pharmacopoeias including Iranian Herbal
Pharmacopeia, British Herbal Pharmacopeia and European Phar-
macopeia (British Herbal Pharmacopoeia, 1996; European Phar-
macopoeia, 1999; Iranian Herbal Pharmacopoeia, 2002). Modern
pharmacological studies demonstrate that M. officinalis has several
biological activities including antioxidant, hypoglycemic, hypoli-
pidemic, antimicrobial, anticancer, antidepressant, anxiolytic, an-
tinociceptive, anti-inflammatory and spasmolytic properties (Lo-
pez et al., 2009; Weidner et al., 2014; Zarei et al., 2014; Birdane
et al., 2007; Mimica-Dukic et al., 2004; Queiroz et al., 2014; Taiwo
et al., 2012; Sadraei et al., 2003). Additionally, phytochemical in-
vestigations have revealed the presence of volatile compounds,
triterpenes, phenolic acids and flavonoids as the main active
constituents of M. officinalis (Mencherini et al., 2007). Among the
identified phytochemicals, hydroxycinnamic acids, commonly ex-
pressed as RA, are biomarkers of quality control according to WHO
monographs on selected medicinal plants (WHO, 1994). The pre-
sent paper aimed to review traditional uses of M. officinalis in
different ethnomedical systems as well as botany, phytochemistry,
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pharmacological activities, safety and clinical applications of M.
officinalis. Critical evaluation of pharmacological studies in terms
of their relation to ethnomedical use was also performed. This
information might be useful in designing future studies in parti-
cular clinical trials, and in developing new pharmaceuticals con-
taining M. officinalis or its active ingredients.
2. Botany

M. officinalis, also known as lemon balm, common balm or
sweet balm, is a perennial lemon-scented herb belonging to the
Lamiaceae (Awad et al., 2009). According to “The Plant List” Melissa
officinalis L. is the only accepted name for the plant, with nine
synonyms including “Melissa officinalis subsp. altissima (Sm.) Ar-
cang., Melissa officinalis var. altissima (Sm.) K.Koch, Melissa offici-
nalis var. cordifolia (Pers.) K.Koch, Melissa officinalis var. foliosa
Briq., Melissa officinalis var. graveolens (Host) Nyman, Melissa offi-
cinalis var. hirsuta K. Koch, Melissa officinalis subsp. officinalis,
Melissa officinalis var. romana (Mill.) Woodv. and Melissa officinalis
var. villosa Benth.”. There is also an infraspecific taxon of the spe-
cies Melissa officinalis L.: Melissa officinalis subsp. inodora Bornm.
(The Plant List, 2013).

Melissa officinalis grows to the height of 30–125 cm, with soft
short hairs surrounding all parts. The stem is erect, branched,
usually glabrous and quadrangular. Leaves are petiolate, ovate, to
6 cm long, 3 cm broad, the upper cuneate, the lower cordate at
base, crenate-toothed, subglabrous, sometimes with glandular
hairs or punctuate glands beneath (Komarov, 1977). Flowers are
white or pale pink consisting of small clusters of 4–12 blossoms in
the summer. It has two stamens and four lobed ovaries forming 1–
4 nutlets. The seeds are very small about 1–1.5 mm long, with
ovate dark brown or black color. Lemon balm can rapidly grow at a
temperature range of 15–35 °C, and requires 500–600 mm pre-
cipitation well distributed throughout the growing season, other-
wise it should be irrigated (Saeb and Gholamrezaee, 2012). M.
officinalis has a hairy root system with many lateral roots, which
makes the plant more adaptable to different environmental con-
ditions. The upper parts of the plant die off at the start of winter
but new shoots re-emerge from roots at the beginning of spring
(Turhan, 2006). M. officinalis grows worldwide but its origin has
not been well defined. However, the Eastern Mediterranean re-
gion, Western Asia and Southern Europe, Caucasus and Northern
Iran are considered as areas of origin (de Sousa et al., 2004; Fer-
nandes, 1973).
3. Traditional uses

Medicinal uses of M. officinalis date back to over 2000 years
ago. In the European Traditional Medicine, M. officinalis was
known as melissophyllon, baulme, melissa and balm. Dioscorides
(40–90 CE), the father of pharmacology, addressed the plant in his
De Materia Medica as follows: 'A decoction of the leaves is good for
those touched by scorpions, or bitten by harvest spiders or dogs’.
He also recommended the plant for the treatment of amenorrhea,
dysentery, suffocation caused by mushrooms toxicity, intestinal
ulcers, gripe, difficult breathing, scrofulous tumors and other
swellings, arthralgia and toothache (Osbaldeston, 2000). In the
Middle Ages, lemon balm was used to stop bleeding and to treat
toothache, earache, morning sickness, crooked neck, and baldness
(Saad and Said, 2011). An early prescription by Paracelsus (1493–
1541) illustrated that the use of M. officinalis would be enlivening
and effective in alleviating nervous system diseases (Scholey et al.,
2014). It has also been noted that M. officinalis can increase life-
span and restore memory (Sun et al., 2013). Thomas Cogan (1545–
1607) stated that daily consumption of M. officinalis tea by his
students improves the understanding capacity and memory. He
also recommended the distilled water obtained from a mixture of
bugloss, borage and lemon balm for the treatment of melancholy.
Evelyn (1620 –1706) in his book “Acetaria, a discourse of Sallets” –
which is the first recorded book on salads – has mentioned this
plant as ‘Baulm, Melissa and Baum” and described it with proper-
ties like “hot and dry”, “cordial and exhilarating”, memory enhan-
cing, and anti-melancholic. The London Dispensary (1696) says
“An essence of balm given in Canary wine every morning will re-
new youth, strengthen the brain, relieve languishing nature and
prevent baldness’ (Grieve, 1971). There is an old European pre-
scription for the treatment of high blood pressure containing M.
officinalis, Tilia europaea L., Crataegus oxyacantha L. and Achillea
millefolium L. (Wood et al., 2015).

In the Danish folk medicine, M. officinalis is used for the
treatment of sleeplessness caused by heart break, melancholy and
sadness (Jäger et al., 2006). In Austria’s folk medicine, lemon balm
tea and external application of its essential oil (EO) is used to treat
gastrointestinal, nervous, hepatic and biliary ailments (Vogl et al.,
2013). In Croatia, M. officinalis is used for the treatment of sore
throats and cough (Albala, 2011). Spanish physicians in the Islamic
era used M. officinalis as an exhilarant, antidote, emmenagogue
and pain killer (al-Ghassani, 1990). Oral administration of the plant
leaves with natron has been practiced to treat intestinal ulcers,
gripes and heart palpitation caused by consumption of toxic
mushrooms. A multi-herbal lozenge containing M. officinalis has
been used for the treatment of orthopnea. It has been recorded
that application of a poultice comprising common salt and M. of-
ficinalis leaves can cure scrofula, swellings, ulcers, arthralgia and
toothache (Ibn Beytar, 2001). Lebanese herbalists used M. offici-
nalis leaves to treat migraines and stomach problems, and to en-
hance cardiac function and memory (Salah and Jäger, 2005). In the
traditional Moroccan medicine, M. officinalis is used as a tranqui-
lizing medicine, antispasmodic and heart tonic (Bounihi et al.,
2013). In ancient Iran, M. officinalis was known as Wadrangboy and
Wattrangboy which mean “Citron's aroma” referring to the citrus-
like smell of the plant (Soltani, 2012). M. officinalis is also an im-
portant medicinal plant in the Iranian Traditional Medicine (ITM).
In his Canon of Medicine, Avicenna (981–1037), the genius Iranian
philosopher and physician, recommended this plant as a medica-
tion for all diseases caused by phlegm and black bile including
depression, anxiety, obsession and psychosis (Ibn Sina, 1987). He
also believed that the aroma of the plant is responsible for its
potent exhilarant effects (Javadi and Emami, 2015). He used M.
officinalis for purging excessive black bile out of the blood in the
heart and to cure heart palpitation (Ibn sina, 1984). Jorjani (1042–
1136), one of the most distinguished Iranian scientists, and other
ITM physicians used M. officinalis for the treatment of various
central nervous system diseases such as dementia, epilepsy, pa-
ralysis, stroke, tremor, migraine and vertigo (Ahwazi Arjani, 1877;
Chashti, 1884; Jorjani, 1976). Moreover, this plant has been re-
ported to be a cardiac and gastric tonic, memory enhancer, mild
sedative, antidote (for toxic mushrooms) and wound disinfectant
(Tonekaboni, 2007). Inhalation aromatherapy with this plant has
been recommended for the treatment of nightmares (Aqili Khor-
asani, 1992). M. officinalis is also used in some eye diseases such as
severe conjunctivitis and lack of eyesight caused by the opacity of
the aqueous humour (Chashti, 1884). According to the main ITM
pharmacopoeias, 40 g of the dry leaves, 80 g of the fresh leaves
and 9 g of the dry seeds of the plant are applied in simple pre-
parations. However, M. officinalis is mainly used in multi-compo-
nent preparations to enhance its therapeutic effectiveness as a
result of synergism between herbal products. The dosage of M.
officinalis in these preparations varies widely. This plant is a crucial
component of around 400 ITM medicinal preparations for the
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treatment of cancer, syncope, heart palpitation, asthma, diabetes,
various fevers, hiccups, joint inflammation and pain, halitosis,
aphtha, rabies and gastrointestinal problems (Chashti, 1884; Aqili
Khorasani, 1992; Jorjani, 1976). For example, according to “Zakhire
Kharazmshahi pharmacopeia”, a multifunctional decoction com-
prising M. officinalis along with several other plants including
Terminalia chebula Willd. ex Flem., Phyllanthus emblica L., Anchusa
italica Retz., Lavandula stoechas L., Polypodium vulgare L., Ipomoea
turpethum (L.) R. Br., Cuscuta epithymum Mur. and raisin is bene-
ficial in curing croup, swellings and cancers of the tongue and ears,
piles and menorrhagia (Jorjani,1976). In Ayurveda, M. officinalis is
believed to sharpen memory (Patel et al., 2014).

Interestingly, similarities exist in traditional applications of this
plant in different cultures. The examples are treatment of mental
disorders especially anxiety and depression, reliving heart ill-
nesses and enhancing memory. As mentioned above, M. officinalis
is usually used in compound herbal formulae in order to enhance
its effectiveness. It is worth noting that only aerial parts of the
plant were used traditionally and less attention was devoted to its
roots. It is also noteworthy that M. officinalis preparations are
mainly in the forms of infusion and tea in order to preserve and
prevent decomposition of active ingredients especially EO com-
ponents. Table 1 provides a summary of the ethnopharmacological
uses of M. officinalis in different countries.
4. Phytochemistry

Phytochemical investigations on M. officinalis have revealed the
presence of various phytochemicals including terpenes (mono-
terpenes, sesquiterpenes and triterpenes) and phenolic com-
pounds (phenolic acids, flavonoids and tannins) (Allahverdiyev
et al., 2004; Moradkhani et al., 2010). The main active constituents
of M. officinalis are volatile compounds (e.g. geranial, neral, ci-
tronellal and geraniol), triterpenes (e.g. ursolic acid and oleanolic
acid), and phenolics (e.g. cis-and trans-RA isomers, caffeic acid
derivatives, luteolin, naringin and hesperidin) (Argyropoulos and
Müller, 2014; Awad et al., 2009; Ibragić et al.). Table 2 summarizes
the major phytochemicals that have been isolated and character-
ized from M. officinalis. Medicinal activities of M. officinalis are
considered to be attributed mainly to its essential oil (EO) and
phenolic compounds (Schnitzler et al., 2008). Chemical structures
of secondary metabolites that have been isolated and character-
ized from M. officinalis are shown in Fig. 1.

4.1. Volatile compounds

EO from M. officinalis has commercial importance owing to its
applications in the pharmaceutical and food industry. M. officinalis
EO is used as an additive in foods, herbal teas, cosmetics, and also
in ornaments. The production cost and price of the oil are very
high, because of the low yield of EO extraction (Sari and Ceylan,
2002; Sousa et al., 2004). The EO is considered to be mainly re-
sponsible for the antibacterial and antifungal activities of the plant
(Mimica-Dukic et al., 2004). EO is obtained from fresh or dried
flowers, leaves, and branches of M. officinalis, and has a fresh
lemon odor and a light yellow color. The citrus-like aroma of M.
officinalis is due to the presence of citral isomers i. e. geranial and
neral as well as lesser amounts of citronellal and geranyl acetate
(Dawson et al., 1988). Generally, the EO content of M. officinalis
ranges between 0.02% and 0.30%, which is low compared with
other members of the Lamiaceae (Moradkhani et al., 2010). The
composition of EO varies as a function of climate, but the majority
of studies have shown that M. officinalis EO is dominated by the
presence of oxygenated monoterpenes including citral isomers
(geranial and neral) (1–2), citronellal (3) and geraniol (4) as the
main components (Meftahizade et al., 2010; Mimica-Dukic et al.,
2004). For instance, the EO obtained from the aerial parts of cul-
tivated M. officinalis collected from Vojvodina (Serbia) was char-
acterized by the presence of high concentrations of geranial
(23.4%), neral (16.5%) and citronellal (13.7%) (Mimica-Dukic et al.,
2004). Similarly, Carnat et al. (1998) identified the main compo-
nents of the leaf oils of M. officinalis (of France origin) as citral
(neralþgeranial; 48%) and citronellal (40%). Abdellatif and Hassani
(2015) evaluated the effect of different extraction techniques
(traditional hydrodistillation, steam distillation, organic solvent
extraction and microwave-assisted hydrodistillation) on the che-
mical composition of the EO of M. officinalis leaves collected from
the north-eastern Algeria. All obtained EOs were predominated by
two components i. e. neral (18.86–38.18%) and geranial (27.79–
37.91%). Saeb and Gholamrezaee (2012) investigated the EOs of M.
officinalis leaves harvested in three different stages (before, during
and after the flowering stage) from Iran. Their results showed that
the major components of EO are (decadienal (5), 29.38% and ger-
aniol, 25.3%), (decadienal, 28.04% and geraniol, 24.97%) and (car-
vacrol (6), 37.62% and methyl citronellate (7), 32.34%), respectively.
In another study, the EO of M. officinalis collected from Turkey was
reported to be dominated by sesquiterpene hydrocarbons, mainly
β-cubebene (15.41%) (8) and β-caryophyllene (14.24%) (9) (Allah-
verdiyev et al., 2004). Van den Berg et al. (1997) reported the main
components of the EO obtained from cultivated M. officinalis
subsp. altissima (which is a synonym for M. officinalis) leaves from
the Greek origin to be germacrene D (34.79–51.50%), sabinene
(0.91–14.68%), β-caryophyllene (7.27–12.66%) and β-pinene (0.53–
8.03%). Analysis of the EO from the leaves of the plant from the
New Zealand origin identified sesquiterpene hydrocarbons β-cu-
bebene (39%) and terpinolene (9.6%) as the major constituents
(Dawson et al., 1988). These compositional variations in the M.
officinalis EO could stem from differences in climatic, seasonal and
geographic conditions, harvesting time, and procedural details of
the applied distillation technique (Shakeri et al., 2014).

4.2. Triterpenes

Triterpenes are one of the largest classes of plant natural pro-
ducts that are widely distributed in the plant kingdom. Hitherto,
over 20,000 different triterpenes have been identified from plants
(Thimmappa et al., 2014). The main triterpenes that have been
isolated from M. officinalis are ursolic and oleanolic acids
(Mencherini et al., 2007). These compounds have a wide spectrum
of biological effects including antifungal, cytotoxic and hemolytic
activities (Han et al., 2009). Bioassay-guided fractionation of the
methanol extract of M. officinalis has led to the identification of the
triterpenoids ursolic acid (10) and oleanolic acid (11) as the major
compounds responsible for the inhibition of rat brain GABA
transaminase (GABA-T) (Awad et al., 2009). Some triterpenes
contain different numbers of sulfate groups bound with sugars or
aglycones. Triterpenes containing sulfate groups attached to the
sugar chain have higher biological activity, e. g. hemolytic and
cytotoxic effects, compared to those attached to the aglycone
group (Kim and Himaya, 2012; Park et al., 2014). A literature sur-
vey revealed that only triterpenes containing sulfate groups in the
aglycone unit occur in M. officinalis (Tantry et al., 2014). Mench-
erini et al. (2007) isolated five new disulfated ursene or oleanene
triterpenes (12–16) and a new ursene glycoside (17) from a polar
extract (EtOH 50%) of the stems and leaves of M. officinalis. In
another study, two new sulfated triterpenes namely 3,23-disulfate
ester of 2α,3β�23,29-tetrahydroxyolean-12-ene-28-oic acid, 28-
O-β-D-glucopyranoside (18), and 23-monosulfate ester of 2α,23-
dihydroxyurs-12-ene-28-oic acid, 3-O-β-D-glucopyranoside (19),
with antioxidant and antimicrobial activities were identified
(Tantry et al., 2014).



Table 1
Ethnopharmacological uses of M. officinalis in different countries.

Country Part used Dosage form Medicinal use/disease treated Reference(s)

Austria Leaves Tea essential oil (ex-
ternal application)

Curing gastrointestinal, nervous, he-
patic and biliary ailments

Vogl et al. (2013),.

Bolivia Aerial part Infusion Curing heart ailments Macia et al. (2005),

Bosnia and
Herzegovina

Leaves Oral preparations Curing insomnia, restlessness, ar-
rhythmia, increased lactation, flatu-
lence, depressions, morning sickness,
diarrhea, migraine, rheumatism
strengthening the body, internal
purification, blood purification

Šarić-Kundalić et al. (2011),

Brazil leaves Infusion tea Sedative for children, curing stomach
disturbances, bad cold, cough, infec-
tion, fever

Di Stasi et al. (2002)
Oliveira et al. (2012),

Brazil leaves Bath Wound healing (external use)
Brazil Roots Decoction Curing Bad cold, cough
Bulgaria Leaves Infusions Sedative, hypotensive, spasmolytic Ivanova et al. (2005),

Catalonia leaves Infusion Sedative Bonet et al. (1999),

Croatia – Curing sore throats and cough Albala (2011),

Denmark Aerial parts – Curing sleeplessness caused by heart
break, melancholy and sadness

Jäger et al. (2006),

Ecuador Stems,
leaves

Infusion Relaxant, curing insomnia Tene et al. (2007),

Greece aerial parts Infusion, decoction blood circulation and heart stimu-
lant, curing hypertension, ear aches,
bloating, dyspepsia, spasm, head-
ache, depression, dizziness, migraine
common cold, decreasing cholesterol
and uric acid, brain stimulant,
calmative

Hanlidou et al. (2004),

India Leaves – promoting memory Patel et al. (2014),

Iran Leaves Infusion (oral) Curing depression, anxiety, psy-
chosis, palpitation, obsession, de-
mentia, epilepsy, stroke, tremor, pa-
ralysis, migraine and vertigo, syn-
cope asthma, diabetes fevers, hic-
cups, joint inflammation and pain,
cancer, halitosis, aphtha, rabies, gas-
trointestinal problems, piles, menor-
rhagia exhilarant, cardiac and gastric
tonic, mild sedative, memory en-
hancer, antidote, disinfectant

Ibn sina (1984),; Ahwazi Arjani (1877),; Chashti (1884),; Jorjani (1976),; Tonekaboni (2007);
Aqili Khorasani (1992),; Jorjani (1976),

Iran Leaves Oil (inhalation) Treatment of nightmares Aqili Khorasani (1992),

Iran Leaves Infusion (external use) Curing conjunctivitis and lack of
eyesight

Chashti (1884),

Iraq Leaves Tea Diuretic, analgesic, for headache,
toothache, galactogenic

Al-douri et al. (2000),

Italy Leaves Poultice infusion Wound healing
Curing abdominal pains

Vitalini et al. (2009)
and Pieroni (2000),

Italy Leaves Compress of crushed
fresh leaves

Healing insect bite Pieroni et al. (2004),

Jordan aerial parts Infusion sedative, carminative, anti-
spasmodic, curing abdominal pain
and digestive, gynecological dis-
orders, arthritis

Al-Khalil (1995), and Afifi and Abu-Irmaileh (2000),

Kosovo Areal parts Infusion Curing abdominal pains during
pregnancy

Mustafa et al. (2012),
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Kosovo Decoction Neuro-relaxant
Lebanon Strengthening the heart, curing mi-

graine, stomach disorders enhancing
memory

Salah and Jäger (2005),

Morocco Aerial part Infusion Spasmolytic, depurative and tran-
quilizing, heart tonic, cholagogue

Merzouki et al. (2000), and Bounihi et al. (2013),

Palestine – Antimicrobial Abu-Shanab et al. (2006),

Patagonia – Sedative Estomba et al. (2006),

Peru leaves Infusion Sedative and hypotensive Hammond et al. (1998),

Poland – Nervous excitability, curing vegeta-
tive neurosis, tension, anxiety, motor
agitation, menopause

Leśniewicz et al. (2006),

Portugal Aerial part,
stems and
flowers,
fresh or
dried.

Infusion Relaxation (insomnia, nervousness,
spasms and nervous indigestion),
Intestinal gases and pain, stimulation
of digestion and bile, Curing fever,
headache and influenza, stomach
ache, gastritis; For the heart, mem-
ory stimulation

Neves et al. (2009),

Republic of
Macedonia

leaves Tea, oil Curing heart problems, headache Rexhepi et al. (2013),

Spain leaves – exhilarant, antidote, emmenagogue
pain killer curing intestinal ulcers,
gripes, heart palpitation caused by
consumption of toxic mushrooms,
orthopnea

al-Ghassani (1990),

Poultice Curing scrofula, swellings, ulcers, ar-
thralgia and toothache

Ibn Beytar (2001),.

Turkey Aerial parts Infusion Decoction Curing cancer, asthma, cardiovas-
cular diseases stomach diseases, ne-
phritis, forgetfulness, diabetes, cold,
bronchitis, enteritis

Kultur (2007),

leaves antiseptic, antispasmodic Karaman and Kocabas (2001),

Infusion memory-enhancing Orhan and Aslan (2009),

Uzbekistan – Curing coughs, lung disease, and skin
infections

Egamberdieva et al. (2013),
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4.3. Phenolic compounds

4.3.1. Phenolic acids
Phenolic acids are a class of plant secondary metabolites con-

taining at least one phenol ring that possesses one carboxylic acid
group (Heleno et al., 2015). Phenolic acids are the main compo-
nents of M. officinalis and are divided into two classes: derivatives
of benzoic acid e. g. gallic acid, and derivatives of cinnamic acid e.g.
caffeic acid (Dai and Mumper, 2010). These compounds are widely
distributed throughout the plant kingdom and possess antioxidant
effects owing to their hydrogen-donating or singlet oxygen-
quenching activities (Proestos et al., 2005). The antioxidant activ-
ity of M. officinalis extracts is attributed to the presence of phenolic
acids, mainly hydroxycinnamic acid derivatives such as rosmarinic
acid (RA) (20) (Caniova and Brandsteterova, 2001). Owing to its
four hydroxyl groups, RA's antioxidant activity may be even
stronger than that of trolox or vitamin E (Ibragić et al. 2014).
Acetylcholinesterase inhibitory guided fractionation of the M. of-
ficinalis extract revealed those fractions containing RA derivatives
to be more potent compared with other fractions. Dastmalchi et al.
(2009) found that the most potent anti-acetylcholiestease fraction
of the plant extract (25.3671.63 mg physostigmine/milligram of
dry weight of the extract) contains RA and two of its derivatives.
Since M. officinalis L. is mainly consumed as an infusion, Barros
et al. (2013) evaluated phenolic profiles ofM. officinalis L. infusions.
Ten caffeic acid derivatives including 3-(3,4-dihydroxyphenyl)-
Lactic acid (21), caffeic acid A (22), lithospermic acid A (23), sal-
vianolic acid F (24), salvianolic acid A (25), salvianolic acid C (26),
salvianolic acid B (27), sagerinic acid (28) and Yunnaneic acid F
(29) were identified using HPLC-DAD-ESI/MS. The phenolic con-
tent of M. officinalis varies in different regions. Samples collected
from Bosnia and Herzegovina had a higher content of RA,
chlorogenic (30) and gallic acid (31) compared with those col-
lected from Turkey (Ibragić et al., 2014). In another study, quali-
tative and quantitative analysis of the M. officinalis extract using
HPLC-DAD showed the presence of caffeic acid, m-coumaric acid
(32) (the least frequent compound), and RA (major component)
(Dastmalchi et al., 2008). Furthermore, two other RA derivatives
have been isolated from the aerial parts of M. officinalis; melitric
acids A (33) and B (34), which contain three caffeic acid units
(Agata et al., 1993). Finally, Pereira et al. (2014) reported gallic acid,
chlorogenic acid, caffeic acid and ellagic acid (35) from ethanol
extract of M. officinalis.

4.3.2. Flavonoids
Flavonoids are a family of plant secondary metabolites that

contain a benzopyran heterocycle linked to a benzene ring (Testai,
2015). Numerous biological and pharmacological activities have
been reported for flavonoids including antioxidant, anti-in-
flammatory, antimicrobial, anticancer, anti-HIV, anticoagulant,
immunomodulatory, antitubercular and anti-allergic activities
(Cao et al., 2015). In Lamiaceae, flavonoids occur in every part of
the plant but the richest content is usually found in the aerial parts
(Ulubelen et al., 2005). Flavonoids that have been isolated from M.
officinalis can be categorized into four subgroups namely flavones
(nine compounds), flavanones (five compounds), flavonols (three
compound) and flavanols (two compounds). Luteolin 3′-O-β-D-
glucuronide (36) has been reported as the major flavone present in
M. officinalis (Heitz et al., 2000). Mulkens and Kapetanidis (1986)
isolated two flavone glycosides namely luteolin7-O-glucoside (37)
and apigenin 7-O-glucoside (38), one flavonol glycoside (iso-
quercitrin) (39), and one flavonol (rhamnocitrin) (40) from the
leaves of the plant. In another report, Patora and Klimek (2002)
isolated and characterized six major flavones (apigenin and lu-
teolin derivatives) including luteolin 7-O-β-D-glucopyranoside-3′-
O-β-D-glucuronopyranoside (41), Apigenin (42), Luteolin 7-O-β-D-
glucuronopyranoside (43), Luteolin (44), Apigenin 7-O-β-D-glu-
copyranoside (45) and Luteolin 3′-O-β-D-glucuronopyranoside
(46) from the leaves of M. officinalis collected before the flowering
time. Also, five flavanones including hesperidin (47), hesperetin
(48), eriodictyol 7-O-glucoside (49), naringin (50) and naringenin
(51) were isolated from 45% (V/V) ethanolic extract of M. officinalis
(Dastmalchi et al., 2008). Two flavanols namely catechin (52) and
epicatechin (53) and one flavonol glycoside namely rutin (54)
were also identified in M. officinalis by Pereira et al. (2014).

4.4. Other compounds

The chemical composition of M. officinalis stalk has been eval-
uated by Ashori et al. (2011). They found that the main compo-
nents of M. officinalis stalk include holocellulose, lignin, and ex-
tractives in various amounts. In addition, the plant contains a re-
latively high percentage of alpha-cellulose (32.7%) but a low per-
centage of lignin (25%). The hemicelluloses are mainly glucose and
xylose.
5. Pharmacological reports

5.1. Antianxiety effect

There are several records on the traditional use of M. officinalis
as a tranquilizing medicine. In recent decades, several studies have
supported the anxiolytic effects of M. officinalis. In an in vitro study
on rat brain, methanol extract of M. officinalis and its main com-
ponent RA showed GABA-T inhibitory activity (Awad et al., 2009).
In another in vivo research, oral administration of the hydroalco-
holic and ethanolic extracts of the plant induced anxiolytic-like
effects, possibly through GABA-T inhibition resulting in an increase
in brain GABA levels (Ibarra et al., 2010; Taiwo et al., 2012). In
addition, aqueous extract of a mixture of M. officinalis and Passi-
flora caerulea reduced plasma levels of corticosterone, the most
important mediator associated with physiological stress in mice
(Feliú-Hemmelmann et al., 2013). The relevance of evidence from
the above-mentioned animal studies (with a dose range of 240–
360 mg/kg) for clinical practice has been supported by the findings
of two clinical trials as follows. In a randomized double-blind
placebo-controlled crossover clinical trial, 18 healthy volunteers
subjected to laboratory-induced stress – confirmed through com-
pleting a 20-minute version of the Defined Intensity Stressor Si-
mulation (DISS) battery – received two single 300 and 600 mg
doses (separated by 7 days) of a standardized methanolic extract
of M. officinalis. The 600 mg dose of M. officinalis improved the
negative mood effects of DISS, increased self-ratings of calmness
and reduced self-ratings of alertness (Kennedy et al., 2004).
Findings of a prospective open-label pilot study in stressed vo-
lunteers with mild-to-moderate anxiety disorders and sleep dis-
turbances showed that oral administration of Cyracoss (a pa-
tented standardized extract of M. officinalis leaves containing
more than 7% RA and 15% hydroxycinnamic acid derivatives) at a
dose of 600 mg/day for 15 days significantly reduces anxiety
manifestations by 18%, ameliorates anxiety-associated symptoms
by 15%, and lowers insomnia by 42% (Cases et al., 2011). The
above-mentioned data supports the traditional use of M. officinalis
as an anti-anxiety and calming drug. However, still more evidence
from randomized controlled trials is required to elucidate other
possible mechanisms underlying these anxiolytic effects, and also
to evaluate anti-anxiety effects of other active ingredients present
in M. officinalis.



Table 2
Major phytochemicals isolated and characterized from M. officinalis.

No. Classification Chemical component Part of plant References

1 Oxygenated monoterpene Geranial Aerial parts Meftahizade et al. (2010)
2 Oxygenated monoterpene Neral Aerial parts Meftahizade et al. (2010)
3 Oxygenated monoterpene Citronellal Aerial parts Mimica-Dukic et al. (2004)
4 Oxygenated monoterpene Geraniol Aerial parts Saeb and Gholamrezaee (2012)
5 Oxygenated monoterpene Decadienal Leaves Saeb and Gholamrezaee (2012)
6 Oxygenated monoterpene Carvacrol Leaves Saeb and Gholamrezaee (2012)
7 Oxygenated monoterpene Methyl citronellate Leaves Saeb and Gholamrezaee. (2012)
8 Sesquiterpene hydrocarbon β-Cubebene Aerial parts Allahverdiyev et al. (2004)
9 Sesquiterpene hydrocarbon β-Caryophyllene Aerial parts Allahverdiyev et al. (2004)

10 Triterpene Ursolic acid Aerial parts Awad et al. (2009)
11 Triterpene Oleanolic acid Aerial parts Awad et al. (2009)
12 Triterpene 3β,16β,23-Trihydroxy-13,28-epoxyurs-11-ene-3-O-β-D-glucopyranoside Stems and

leaves
Mencherini et al. (2007)

13 Triterpene 3,23-Disulfate ester of 3β,19α,23-trihydroxyurs-12-en-28-oic acid Stems and
leaves

Mencherini et al. (2007)

14 Triterpene 3,23-Disulfate ester of 2α,3β,19α,23-tetrahydroxyurs-12-en-28-oic acid Stems and
leaves

Mencherini et al. (2007)

15 Triterpene 3,23-Disulfate ester of 2α,3β,19α,23-tetrahydroxyurs-12-en-28-oic acid 28-O-
β-D-glucopyranoside

stems and
leaves

Mencherini et al. (2007)

16 Triterpene 3,23-Disulfate ester of 3β,23,29-trihydroxyolean-12-en-28-oic acid Stems and
leaves

Mencherini et al. (2007)

17 Triterpene 3,23-Disulfate ester of 2α,3β,23,29-tetrahydroxyolean-12-en-28-oic acid Stems and
leaves

Mencherini et al. (2007)

18 Triterpene 3,23-Disulfate ester of 2α,3β-23,29- tetrahydroxyolean-12-ene-28-oic acid, 28-
O-β-D-glucopyranoside

Leaves Tantry et al. (2014)

19 Triterpene 23-Monosulfate ester of 2α,23-dihydroxyurs-12-ene-28-oic acid, 3-O-β-D-
glucopyranoside

Leaves Tantry et al. (2014)

20 Phenolic acid Rosmarinic acid Tops Caniova and Brandsteterova (2001)
21 Phenolic acid 3-(3,4-dihydroxyphenyl)-Lactic acid Aerial parts Barros et al. (2013)
22 Phenolic acid Caffeic acid Aerial parts Barros et al. (2013)
23 Phenolic acid Lithospermic acid A Aerial parts Barros et al. (2013)
24 Phenolic acid Salvianolic acid F Aerial parts Barros et al. (2013)
25 Phenolic acid Salvianolic acid A Aerial parts Barros et al. (2013)
26 Phenolic acid Salvianolic acid C Aerial parts Barros et al. (2013)
27 Phenolic acid Salvianolic acid B Aerial parts Barros et al. (2013)
28 Phenolic acid Sagerinic acid Aerial parts Barros et al. (2013)
29 Phenolic acid Yunnaneic acid F Aerial parts Barros et al. (2013)
30 Phenolic acid Chlorogenic acid Leaves Ibragić et al. (2014)
31 Phenolic acid Gallic acid Leaves Ibragić et al. (2014)
32 Phenolic acid m-Coumaric acid Leaves Dastmalchi et al. (2008a)
33 Phenolic acid Melitric acid A Aerial parts Agata et al. (1993)
34 Phenolic acid Melitric acid B Aerial parts Agata et al. (1993)
35 Phenolic acid Ellagic acid Aerial parts Pereira et al. (2014)
36 Flavone glycoside Luteolin 3′-O-β-D-glucuronide Leaves Heitz et al. (2000)
37 Flavone glycoside Luteolin7-O-glucoside Leaves Mulkens and Kapetanidis (1986)
38 Flavone glycoside Apigenin7-O-glucoside Leaves Mulkens and Kapetanidis (1986)
39 Flavonol glycoside Isoquercitrin Leaves Mulkens and Kapetanidis (1986)
40 Flavonol Rhamnocitrin Leaves Mulkens and Kapetanidis (1986)
41 Flavone glycoside luteolin 7-O-β-D-glucopyranoside-3′-O-β-D-glucuronopyranoside Leaves Patora and Klimek (2002)
42 Flavone Apigenin Leaves Patora and Klimek (2002)
43 Flavone glycoside Luteolin 7-O-β-D-glucuronopyranoside Leaves Patora and Klimek (2002)
44 Flavone Luteolin Leaves Patora and Klimek (2002)
45 Flavone glycoside Apigenin 7-O-β-D-glucopyranoside Leaves Patora and Klimek (2002)
46 Flavone glycoside Luteolin 3′-O-β-D-glucuronopyranoside Leaves Patora and Klimek (2002)
47 Flavanone glycoside Hesperidin Leaves Dastmalchi et al. (2008)
48 Flavanone Hesperetin Leaves Dastmalchi et al. (2008)
49 Flavanone glycoside Eriodictyol-7-O-glucoside Leaves Dastmalchi et al. (2008)
50 Flavanone glycoside Naringin Leaves Dastmalchi et al. (2008)
51 Flavanone Naringenin Leaves Dastmalchi et al. (2008)
52 Flavanol Catechin Aerial parts Pereira et al. (2014)
53 Flavanol epi-Catechin Aerial parts Pereira et al. (2014)
54 flavonol glycoside Rutin Aerial parts Pereira et al. (2014)
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5.2. Antidepressant effect

Traditional use of M. officinalis as an exhilarant and enlivening
medication has been recorded in ancient medical books. In an in
vitro study, aqueous and methanol extracts of M. officinalis could
mildly inhibit monoamine oxidase (MAO)-A, and the latter extract
was more potent in this inhibition (Lopez et al., 2009). Never-
theless, the IC50 values calculated for the methanol and aqueous
extracts were 19.3 and 48.2 μg/mL, doses that are unlikely to be
reproducible in clinical settings even with the highly bioavailable
preparations. Ethanol extract of the plant also exerted anti-
depressant effects in the forced swimming (FS) test via enhancing
norepinephrine neurotransmission (Emamghoreishi and Tale-
bianpour, 2009; Taiwo et al., 2012). RA reduced the duration of
immobility in FS test in mice via antidepressant mechanisms dif-
ferent frommonoamine transport or MAO inhibition (Takeda et al.,
2002a, 2002b). Therefore, studies should be performed to eluci-
date the main anti-depressant mechanism of M. officinalis, explore
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the MAO-A inhibitory activity of major polar compounds of M.
officinalis other than RA, and investigate their possible synergistic
effects with RA. Finally, although the above-mentioned animal
studies approved the traditional use of M. officinalis as an anti-
depressant medication (at doses from 25 mg/kg to 300 mg/kg), no
IC50 or EC50 value was reported to allow better assessment of the
translational value of the effects, though translation of such doses
is theoretically applicable in humans based on the principles of
allometric scaling of experimental doses.

5.3. Neuroprotective effects

The use of M. officinalis in the treatment of several CNS diseases
in different countries is supported by in vitro and in vivo studies in
models of neuroprotection. Treatment of PC12 cells with the me-
thanol extract of M. officinalis protects these cells against H2O2

toxicity in MTT and LDH assays (cell viability assays that are often
used to determine cytotoxicity following exposure to toxic
substances). Moreover, both aqueous and methanol extracts pro-
duced a significant reduction in the intracellular ROS formation,
suggesting a significant neuroprotective effect (Lopez et al., 2009).
Pretreatment of PC12 cells with the acidic fraction of M. officinalis
ethanol extract containing polyphenols, flavonoids and terpenoids
exerted a significant protective effect on Aβ-induced toxicity and
oxidative stress, an effect that can be attributed to the antioxidant
activity (Sepand et al., 2013). It has been reported that the M. of-
ficinalis extract can displace [3H]-(N)-nicotine from human brain
cell membranes bearing acetylcholine receptors. IC50 values for the
[3H] nicotine displacing activity of the ethanol extract of M. offi-
cinalis were lower than 100 μg/mL (Wake et al., 2000). A number
of studies showed that nicotine has protective effects on Aβ-in-
duced toxicity and pretreatment of neurons with nicotine at-
tenuates Aβ-induced oxidative stress and apoptosis (Kihara et al.,
1997; Liu et al., 2004). Accordingly, protective effect ofM. officinalis
extract on Aβ-induced toxicity can also be attributed to its sti-
mulating effects on the nicotinic receptor. In addition, aqueous
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extract of M. officinalis exerted neuroprotective effects against
apoptosis induced by 3,4-methylenedioxymethamphetamine
(MDMA or Ecstasy) in the primary neurons of hippocampal cul-
ture, these effects being possibly due to the free radical scavenging
and MAO inhibition (Hassanzadeh et al., 2011). Pre- and post-
treatment of human primary neuronal cells with RA has been
shown to maintain neuronal integrity and attenuate the neuro-
toxicity induced by ciguatoxin (Braidy et al., 2014). Taken together,
potent antioxidant and radical scavenging activities of the hydro-
alcoholic extract of M. officinalis and its main phenolic compounds
RA, quercetin, gallic acid, caffeic acid, chlorogenic acid and rutin,
could partially account for the neuroprotective effect of the plant.
Moreover, in vitro cytotoxicity assays demonstrated the protective
effects of M. officinalis EO on neuronal hypoxia-induced death. The
EO of the plant has been reported to decrease caspase-3 activity
and TUNEL-positive cells significantly. Furthermore, a decrease in
malondialdehyde (MDA) and an increase in Trolox equivalent an-
tioxidant capacity (TEAC) levels in the hippocampus of EO-treated
ischemic animals were observed following treatment with a dose
of 100 mg/kg. Nonetheless, EO induced neurotoxic effects in a
primary neuronal culture system at a concentration of 0.1 mg/mL
(Mahita et al., 2014). These results suggest a protective activity of
M. officinalis EO against various CNS diseases associated with is-
chemic brain injury, and this protection could be mediated by the
inhibition of hypoxia-inducible factor-1α (HIF-1α; a transcription
factor that plays a critical role in hypoxia-induced gene expres-
sion), oxidative stress, and apoptosis (Bayat et al., 2012). Several
studies have reported moderate antioxidant activity for oxyge-
nated monoterpenes such as citral isomers and citronellal, which
are abundant in M. officinalis EO (Ruberto et al., 2000; Mimica-
Dukic et al., 2004; Misharina et al., 2008). These findings provide
evidence for the traditional use of M. officinalis in the treatment of
neurodegenerative diseases (ND) such as dementia, epilepsy,
stroke and paralysis.

5.4. Effects on mood, cognition and memory

M. officinalis has been traditionally used for the treatment of
dementia and amnesia, two disorders that are closely associated
with the Alzheimer’s disease (AD). The plant has also been re-
corded as a treatment for psychosis. Acetylcholinesterase (AChE)
inhibitors increase the level and duration of action of acetylcholine
in brain synapses. This cholinergic effect can alleviate AD and its
cognitive symptoms (mostly in the form of memory and learning
deficits) as well as cognitive impairments in patients with schi-
zophrenia (Ellis, 2005; Cummings, 2000). Ethanol extract of M.
officinalis can exert AChE inhibitory activity in a time- and dose-
dependent manner (Ferreira et al., 2006; Dastmalchi et al., 2009)
with a potency of 1.7270.16 μg equivalents of physostigmine/mg
of the extract (physostigmine was used as the reference standard)
(Dastmalchi et al., 2009). AChE inhibitory guided fractionation of
the same extract (12 fractions (F1–F12) on a time based scheme)
revealed that most fractions have inhibitory activities that are
more potent than the crude extract. The main components of the
most potent fraction (F8: 25.3671.63 μg physostigmine/mg) were
cis- and trans-RA isomers and a RA derivative with a methyl ester
or a methoxy group (Dastmalchi et al., 2009). Moreover, ethyl
acetate fraction of the hydroalcoholic extract from M. officinalis
was characterized by a high flavonoid content and antioxidant
properties, and could significantly inhibit AChE in a concentration-
dependent manner (Pereira et al., 2014). Aqueous and methanol
extracts of the plant had no AChE inhibitory activity (Adsersen
et al., 2006; Pereira et al., 2014) that can be explained by the an-
tagonism between various constituents of the plant extract.

M. officinalis EO can also inhibit AChE in a dose-dependent
manner (Ferreira et al., 2006). A few studies have reported the
AChE inhibitory activity of citral (the major component of M. of-
ficinalis EO) and some other monoterpenes (Cunningham et al.,
1995). Based on the above-mentioned findings, it is possible to
establish that AChE inhibitory activity of M. officinalis is mainly
attributed to RA and some of its derivatives, and the plant EO.
Nevertheless, the presence of possible antagonism among the
phytochemical constituents of the plant may be a possible ex-
planation for the above-mentioned complicated results.

Gallic acid (an important constituent of M. officinalis) could
inhibit matrix metalloproteinase-2 (MMP-2), an enzyme that has
been suggested to be involved in AD, in vitro. Since ascorbic acid
(as a potent antioxidant) had no effect on MMP-2 activity, the
MMP-2 inhibitory effect of gallic acid seems to be related to me-
chanisms other than antioxidant activity (Pereira et al., 2014).

It has been shown that stimulation of acetylcholine receptors is
another strategy for the treatment of AD (Kihara and Shimohama,
2004). An 80% ethanol extract of M. officinalis could displace [3H]-
(N)-nicotine and [3H]-(N)-scopolamine (the ligand for muscarinic
receptors) from human brain cell membranes bearing nicotinic or
muscarinic acetylcholine receptors. This finding suggests that
compounds with a higher solubility in 80% ethanol than water, can
be responsible for the observed displacing effect (Wake et al.,
2000).

It has been shown that dysfunction of the GABAergic system
may contribute to cognitive impairment and AD in humans (Solas
et al., 2015). Radiolabeling and electrophysiological evaluations
have shown that M. officinalis EO can bind to GABAA receptors
suggesting anti-agitation properties (Huang et al., 2008; Abu-
hamdah et al., 2008). Trans-ocimene, a monoterpene present in
the M. officinalis EO, has been proposed to be responsible for this
effect, acting in a concentration-dependent manner with an IC50 of
40 μM) (Mahita et al., 2014).

In vivo, ethanol extract of M. officinalis enhanced learning and
memory of naive rats and improved scopolamine-induced learning
deficit in a manner similar to the effect of other cholinesterase
inhibitors. These effects were not dose-dependent, and doses
above 200 mg/kg – which is itself high for clinical application –

could neither enhance memory in naive rats nor reverse scopo-
lamine-induced memory impairment; this being possibly due to
over-stimulation of the nicotinic receptors, nicotinic receptor
blockade and memory impairment. Also, inhibition of AChE ac-
tivity was observed in both naive and scopolamine-induced
memory-impaired rats (Soodi et al., 2014). The involvement of
other mechanisms in the memory-enhancing activity of some
constituents of the extract has also been reported. Luteolin im-
proved scopolamine-induced impairment of passive avoidance
response in rats and attenuated memory impairment induced by
β-amyloid in water maze performance (Tsai et al., 2007, 2010).
Ursolic acid improved age-related cognitive deficit through acti-
vation of antioxidant enzymes and reduction of lipid peroxidation
(Lu et al., 2007). Clinical trials have confirmed the beneficial effects
of M. officinalis in the treatment of some symptoms of AD and
cognitive impairment. A 4-week double-blind placebo-controlled
trial was conducted to determine the effects of massage ar-
omatherapy with M. officinalis EO on the agitation behavior of
people with severe dementia (the EO preparation was applied to
patients’ faces and arms twice a day by caregiving staff). The re-
sults showed that 60% of subjects in the treatment group and 14%
of subjects in the placebo group experienced a 30% reduction of
Cohen-Mansfield Agitation Inventory (CMAI) score. Overall im-
provements in agitation were 35% in patients receiving EO and 11%
in those treated with placebo. The quality of life of patients in the
EO group was also improved significantly (Ballard et al., 2002).
Nevertheless, the results of another 12-week trial demonstrated
no difference in agitation between the groups of patients with AD
treated with M. officinalis EO, massage aromatherapy (with a 10%



A. Shakeri et al. / Journal of Ethnopharmacology 188 (2016) 204–228216
w/w EO in a base lotion), donepezil and placebo (massage therapy
with 10% w/w sunflower oil in a base lotion) (Burns et al., 2011).
There were improvements in all 3 treatment groups, with an 18%
improvement in the Pittsburgh Agitation Scale (PAS) and a 37%
improvement in the Neuropsychiatric Inventory (NPI), over 12
weeks. However, involvement of elements of touch and social in-
teraction by the carer in control group in the aforementioned
study may explain the substantial improvements in this group.

Another clinical trial investigating the effects of M. officinalis on
cognition and mood of healthy humans showed that acute ad-
ministration of the plant's ethanol extract (600 mg) can modulate
mood and cognitive performance (Kennedy et al., 2002). The re-
sults of an in vitro study conducted by the same authors suggested
cholinergic receptor-binding properties in the human cerebral
cortex tissue as a potential mechanism of action for the M. offici-
nalis extract (Kennedy et al., 2003). Similarly, a16-week placebo-
controlled trial on 42 patients with mild-to-moderate AD de-
monstrated reduction of agitation and improvement in cognitive
and behavioral functions after administration of hydroalcoholic
extract of M. officinalis (60 drops/day) standardized to contain
500 μg citral/mL (Akhondzadeh et al., 2003). These data suggest
that the memory enhancing effects of M. officinalis can possibly be
attributed to its AChE inhibitory activity, stimulation of the acet-
ylcholine (nicotinic and muscarinic receptors) and GABAA re-
ceptors, as well as inhibition of MMP-2.

5.5. Cardiovascular effects

M. officinalis is a common traditional treatment for heart pal-
pitation and is reputed to be a potent heart tonic and cardiopro-
tective plant. Pharmacological studies mainly focus on anti-ar-
rhythmic effects of M. officinalis extracts. In an in vivo study,
ethanol extract of the plant reduced the occurrence of ventricular
premature beats (VPB), ventricular fibrillation (VF) and ventricular
tachycardia (VT) following CaCl2-induced arrhythmias in rats
(Akhondali et al., 2015). These antidysrhythmic and bradycardic
effects have been suggested to be due to the β-adrenergic antag-
onistic activity of the plant (Somova et al., 2003, 2004). Aqueous
extract of M. officinalis contains high concentrations of RA and
other phenolics and can prolong QRS, QTc, JT and TpTe intervals of
ECG in rats possibly via modulating the expression or conductance
properties of sodium and potassium channels in the heart (Joukar
and Asadipour, 2015). Administration of such doses is expected to
be applicable in clinical practice (according to allometric scaling of
animal dose to human) and carefully designed clinical trials are
needed to verify if the above-mentioned effects on heart rhythm
could be exerted in human. Although M. officinalis provokes car-
diac rate reduction in isolated rat heart (Gazola et al., 2004), no
significant heart rate reduction in human has been observed
(Alijaniha et al., 2015). However, it reduced frequency of palpita-
tion episodes in patients with benign palpitations (Alijaniha et al.,
2015). Aqueous extract of M. officinalis also showed a mild pro-
tection against reperfusion-induced lethal ventricular arrhythmias
in rats via muscarinic receptor stimulation (Joukar et al., 2014), but
again at high doses (50–40 mg/kg/day) adminsitered via in-
traperitoneal route. These findings may indicate that anti-ar-
rhythmic effects of M. officinalis possibly involves mechanisms
related to β-adrenergic blockade and parasympathetic regulation
along with slowing ventricular conductivity through blocking so-
dium and/or potassium currents.

Aqueous extract of M. officinalis also exhibited a concentration-
dependent vasorelaxant activity in isolated rat thoracic aorta via
stimulation of endothelial nitric oxide formation as well as pos-
sible involvement of prostacyclin and endothelium-derived hy-
perpolarizing factor (EDHF) pathways (Ersoy et al., 2008).

An investigation of the effects of pretreatment with M.
officinalis aqueous extract on the resistance of the heart to myo-
cardial injury induced by isoproterenol (ISO) was carried out in
rats. The lower tested dose of the extract (50 mg/kg) increased the
heart resistance to cardiac injury as evidenced by decreased MDA
levels of the injured hearts. This protective effect was likely
mediated by reducing the heart rate and improving the balance of
the redox system. However, the higher tested dose of the extract
(200 mg/kg) intensified the injury of ischemic heart (as evidenced
by higher serum cardiac troponin I levels) possibly via increasing
cardiac contractility and myocardial oxygen demand (Joukar et al.,
2015a, 2015b). These observations are supported by a study re-
porting prevention of myocardial fibrotic changes and improve-
ment in cardiac function in insulin resistant rats after treatment
with RA (10 mg/kg). The fibrogenic process is accompanied by
increased expression of fibrogenic genes including transforming
growth factor (TGF)-β1, and differentiation of fibroblasts into
myofibroblasts that generate excess extracellular matrix proteins
and tissue inhibitors of MMP (TIMPs) causing hypertrophy. Fur-
thermore, activation of angiotensin II type 1 receptor (AT1R) by
angiotensin II (a potent profibrotic agent) enhances fibrosis by
activating both TGF-β1 and MMPs (Leask et al., 2007). RA treat-
ment significantly reduced the levels of superoxide anion, angio-
tensin II and collagen, the expression of TGF-β1, α-smooth muscle
actin (α-SMA), MMPs and AT1R, and increased the expression of
TIMPs (Karthik et al., 2012). Since fibrosis is thought to contribute
to the development of heart failure and cardiac arrhythmias in
patient with heart disease, RA as the main ingredient of M. offici-
nalis might have a role in these effects. These results along with
the scientific evidence on the antioxidant, hypolipidemic and an-
tianxiety properties of M. officinalis may partly explain the tradi-
tional use of this plant for the treatment of heart diseases. How-
ever, further studies are needed to assess dose dependence of
these effects.

5.6. Cytotoxic effects

M. officinalis has been widely used for the treatment of several
types of cancer (Javadi et al., 2015). In vitro, M. officinalis EO and its
major component, citral, induced apoptosis of GBM cell lines that
expressed active MRP1. In the same study, citral induced produc-
tion of ROS and inhibited MRP1 expression (Queiroz et al., 2014).
Citral also reduced the viability of several human tumor cell lines
and a mouse melanoma cell line (de Sousa et al., 2004). M. offici-
nalis hydroalcoholic extract exerted antiproliferative effects on
colon carcinoma cells and induced apoptosis via induction of in-
tracellular ROS generation (Weidner et al., 2015). However, the
reported IC50 values for the cytotoxic activity were 4100 μg/mL,
which is hardly to be replicated for therapeutic purposes in clinical
practice. M. officinalis decoctions containing RA and lithospermic
acid A showed growth inhibition activity against different human
tumor cell lines (Carocho et al., 2015). A 50% ethanol extract of M.
officinalis has been reported to have cytotoxic effects on human
colon cancer cell lines according to MTT and NR tests that are cell
viability assays often used to determine cytotoxicity following
exposure to toxic substances (Encalada et al., 2011; Fotakis et al.,
2006). Dichloromethane and n-hexane fractions of the plant ex-
tract showed strong inhibitory effects on both K562 and Jurkat
cells in a dose-dependent manner. The dichloromethane fraction
significantly induced apoptosis in leukemia cell lines via up-reg-
ulation of Fas and Bax mRNA expression and increasing the Bax/
Bcl-2 ratio, indicating its capacity in activating both extrinsic and
intrinsic pathways of apoptosis. Nevertheless, the n-hexane frac-
tion of the plant did not significantly change the expression of
apoptosis-related genes indicating that induction of apoptosis may
not be the main cause for cell growth inhibition by this fraction of
the plant (Ebrahimnezhad Darzi and Amirghofran, 2013). These
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results suggest that apoptosis-inducing activities of the plant are
possibly mediated by EO components as well as lipophilic con-
stituents (present in the dichloromethane and n-hexane fractions)
which can interact with the cell membrane and pass through it.

In vivo, treatment of mice with an ethanol extract of M. offici-
nalis resulted in antigenotoxic and antimutagenic effects (de Car-
valho et al., 2011). However, the effect was observed at a high dose
of 500 mg/kg and through parenteral administration (i.p.), which
is far from being feasible to be translated in human. The extract
was more effective in reversing the genotoxic damage (comet as-
say) than mutagenic damage (micronucleus assay) induced by
methyl methanesulfonate (MMS), an alkylating agent. As phenolic
compounds have been shown to exert antioxidant properties, they
could be considered as potential candidates for the mentioned
activities (de Carvalho et al., 2011). RA can reduce the chromosome
damage induced by doxorubicin and ethanol in the micronucleus
assay in mice and V79 cells (Furtado et al., 2008, 2010; De Oliveira
et al., 2012). Moreover, gallic acid acts as an antimutagenic agent
via altering the activity of DNA repair enzymes and modulating the
expression of these enzymes (Abdelwahed et al., 2007). Therefore,
it is likely that phenolic acids, especially RA, which are abundant
in polar extracts, account for antimutagenic and antigenotoxic
effects of M. officinalis. In spite of the mentioned evidence on the
cytotoxic properties ofM. officinalis and its preparations, it must be
noted that mentioned studies did not provide any information on
the cytotoxic effects of the tested extract on normal cells, thus
necessitating further evaluation of the selective cytotoxicity of the
tested extracts.

5.7. Anti-inflammatory and anti-nociceptive effects

With reference to traditional records, M. officinalis has been
used to treat several inflammatory diseases including asthma and
joint inflammation. It is also used as a pain killer. Several phar-
macological experiments revealed anti-inflammatory and anti-
nociceptive effects of the plant. Pretreatment with aqueous extract
of M. officinalis significantly reduced inflammagen-induced paw
edema in rats and decreased the nociceptive response in mice
(Birdane et al., 2007). Moreover, ethanol extracts fromM. officinalis
exerted dose-related antinociceptive effects in chemical models of
nociception in mice through inhibition of the L-arginine-nitric
oxide pathway and activation of cholinergic systems. RA content of
the extract was found to be responsible for its antinociceptive
properties (Guginski et al., 2009). While the reported IC50 values
for the extract are relatively high (around 200 mg/kg), that of the
RA (2.6 mg/kg) appears to be more applicable for clinical appli-
cation. Long-term oral administration of M. officinalis EO (0.01–
0.04 mg/day) exhibited a significant antinociceptive effect in an
animal model of diabetic hyperalgesia (Hasanein and Riahi, 2015).
The EO also showed significant reduction and inhibition of paw
edema induced by carrageenan and experimental trauma in rats.
However, the tested doses (200 and 400 mg/kg) appear to be high
for translation to human, though no safety concern was reported
at doses as high as 2000 mg/kg (Bounihi et al., 2013). The anti-
inflammatory mechanism of EO seems to be related to its citral
content which has been reported to inhibit TNF-α in RAW 264.7
cells stimulated by lipopolysaccharide (LPS), and suppress IL-6 and
IL-1β in LPS-stimulated peritoneal macrophages of normal mice
(Bounihi et al., 2013).

5.8. Hypoglycemic effects

M. officinalis has demonstrated obvious hypoglycemic effects in
vitro and in vivo and has been traditionally used to treat diabetes.
Application of M. officinalis ethanol extract (0.6 mg/mL) to human
primary adipocytes caused specific PPAR gene expression in
metabolically relevant target cells. However, replication of the
same effect in clinical conditions needs further studies with lower
doses that are more likely to be administered in human. In vivo,
treatment of insulin-resistant obese mice for 6 weeks with M. of-
ficinalis ethanol extract (200 mg/kg) significantly reduced hy-
perglycemia and insulin resistance (Weidner et al., 2014). More-
over, EO of this plant restored normal plasma glucose levels and
reduced the body weight of diabetic rats (Hasanein and Riahi,
2015) with doses of 0.02 and 0.04 mg/day that appear to be ad-
ministratable in human; However, additional toxicological in-
vestigations should confirm the safety of EO. Ursolic acid, a natural
pentacyclic triterpenoid carboxyl acid found in M. officinalis, has
anti-diabetic activity and increases both insulin sensitivity and
insulin secretion in high-fat fed streptozotocin-induced diabetic
mice, resulting in the elevation of plasma and pancreatic insulin
levels (Jang et al., 2009). Oleanolic acid, another triterpenoid
constituent of M. officinalis, has potent antidiabetic effects. It im-
proves insulin response, preserves functionality and survival of β-
cells, and protects against diabetic complications through several
mechanisms such as enhancement of the expression of anti-
oxidant enzymes and phase II response genes, blocking NF-κB, and
suppressing the polyol pathway, AGEs production, and hyperlipi-
demia (Castellano et al., 2013). Therefore, lipophilic triterpenoids
along with the EO of the plant could be considered as potential
anti-diabetic agents.

5.9. Hypolipidemic effects

According to ITM, M. officinalis is capable of expelling bad
matters from the blood. Moreover, its extensive use as a cardio-
vascular remedy may be secondary to its hypolipidemic effects.
Ethanol extract of M. officinalis, intraperitoneally administered to
hypercholesterolemic rats (25–75 mg/kg), decreased liver enzymes
(alkaline phosphatase (ALP), alanine aminotransferase (ALT) and
aspartate aminotransferase (AST)) levels in serum with an effect
comparable to that of atorvastatin (Zarei et al., 2014). Moreover,
treatment of insulin-resistant obese mice with ethanol extract
(200 mg/kg/day) significantly reduced plasma triacylglycerol
(TAG), LDL/VLDL cholesterol and non-esterified fatty acids
(Weidner et al., 2014). Oleanolic and ursolic acids have been de-
monstrated to decrease serum levels of LDL-cholesterol and tri-
glycerides and could thus explain, at least in part, the observed
lipid-lowering effects of M. officinalis extract (Somova et al., 2003).
Oral administration of the aqueous extract of the plant to hy-
perlipidemic rats also reduced serum total lipids, cholesterol and
liver enzyme levels, and enhanced lipid peroxidation (LPO) and
glutathione (GSH) levels in the liver tissue, indicating hypolipi-
demic and hepatoprotective activities of the plant (Bolkent et al.,
2005).

Oral administration of M. officinalis EO significantly reduced
plasma triglyceride (TG) concentrations in mice. Cellular TG and
cholesterol concentrations were also significantly decreased in a
dose- and time-dependent manner in HepG2 cells following
treatment with M. officinalis EO. The mechanisms of the hypo-
triglyceridemic effects can be a reduction in the translocation of
sterol regulatory element-binding protein-1c (SREBP-1c) and its
responsive genes involved in fatty acid synthesis via decreased
P300/CBP-associated factor (PCAF) histone acetylase activity, re-
sulting in reduction of hepatic fatty acid synthesis (Jun et al.,
2012). In spite of the interesting results, doses of M. officinalis
extract applied in the above-mentioned studies are far from re-
plication in clinical studies. This necessitates further investigations
with lower doses that could be translated to human use.
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5.10. Antioxidant

It is evident that oxidative stress plays an important role in the
pathogenesis of many diseases including neurodegenerative dis-
eases, cardiovascular diseases, diabetes, and various types of can-
cer (Melo et al., 2011; Elnakish et al., 2013; Sosa et al., 2013; Rains
et al., 2011). Free radicals, particularly superoxide and non-radi-
cals, such as hydrogen peroxide, can be generated in large quan-
tities that may overcome endogenous protective antioxidants,
such as reduced GSH and superoxide dismutase (SOD) (Slemmer
et al., 2008), and this condition results in oxidative stress.

Several in vitro and in vivo studies have indicated antioxidant
activity for EO and extracts of M. officinalis (Bayat et al., 2012;
Canadanovic-Brunet et al., 2008; Carocho et al., 2015; Ferreira
et al., 2006; Lopez et al., 2009; Luno et al., 2014; Mimica-Dukic
et al., 2004; Zeraatpishe et al., 2011). Aqueous ethanol extract of M.
officinalis was tested for its in vitro antioxidant activity using iron
(III) reduction, iron (II) chelation, 1,1-diphenyl-2-picrylhydrazyl
(DPPH), 2,2′-azinobis (3-ethylbenzothiazoline-6-sulphonate)
(ABTS), superoxide anion and nitric oxide free-radical scavenging,
and inhibition of β-carotene–linoleic acid bleaching assays (Dast-
malchi et al., 2008). The antioxidant activity of the extract
(90.4371.55 μg/mL) was statistically superior to those of gallic
and caffeic acids (44.2971.92% and 44.5977.10% respectively)
and was statistically comparable with that of quercetin
(98.4670.89%) and butylated hydroxyanisole (BHA)
(96.0871.58%) (Dastmalchi et al., 2008). The presence of high
levels of phenolic substances may be attributed to the antioxidant
properties of the extract. RA has a DPPH scavenging activity with
an EC50 value of 26.03 μg/mL (Erkan et al., 2008). Also, caffeic acid,
at the concentration of 10 μg/mL, showed 68.2% inhibition of lipid
peroxidation of linoleic acid emulsion, and was reported to be
effective in DPPH scavenging, superoxide anion radical scavenging,
and reduction and chelation of ferrous ions (EC50 values lower
than 5 μg/mL) (Gülçin, 2006). Furthermore, in another study,
quercetin, gallic acid, caffeic acid, chlorogenic acid and rutin ex-
hibited high antioxidant activities against DPPH and thiobarbituric
acid reactive substances (TBARS) (Pereira et al., 2014). On the other
hand, the high scavenging capacity of EO from M. officinalis (IC50

value of 7.58 μg/mL in DPPH assay) has been attributed to the
presence of monoterpene aldehydes and ketones (citrals, ci-
tronellal, isomenthone, and menthone) and the mixture of mono-
and sesquiterpene hydrocarbons (Mimica-Dukic et al., 2004).

In 2011, a single-arm clinical trial was conducted to evaluate
the capacity of M. officinalis infusion in improving oxidative stress
in radiology staff. The results showed a significant improvement in
plasma levels of SOD, catalase, and GSH peroxidase as well as re-
duction of plasma DNA damage, lipid peroxidation and myelo-
peroxidase activity (Zeraatpishe et al., 2011).

These data indicate that M. officinalis and its phenolic com-
pounds exert antioxidant activity through free-radical scavenging,
inhibition of lipid peroxidation, and increasing endogenous anti-
oxidant enzymes. Therefore, the therapeutic effects of M. officinalis
in the prevention and treatment of oxidative stress-related dis-
eases such as neurodegenerative and cardiovascular illnesses
might be attributed to its antioxidant activity (Bayat et al., 2012).

5.11. Antimicrobial effects

In vitro, M. officinalis EO exerted notable antimicrobial effects
on Gram-negative pathogenic bacteria, such as Pseudomonas aer-
uginosa, Salmonella enteritidis, Salmonella typhi, Escherichia coli,
and Shigella strains, particularly on the multiresistant strains. The
highest activity of the EO was observed on E. coli and the multi-
resistant strain of Shigella sonei (Mimica-Dukic et al., 2004). In
addition, the EO exhibited antibacterial activity against food-borne
pathogens and spoilage bacteria with MIC values ranging from
72.0 to 1000.3 μg/mL (comparable to the MIC value of Rosmarinus
officinalis, 91.3–1113.3 μg/mL, but lower than those of ciprofloxacin
as positive control, 2.5–62.2 μg/mL) (Hussain et al., 2011). Citrals
(geranial and neral) and citronellal were demonstrated to be re-
sponsible for the antibacterial and antifungal activities of the EO
(Mimica-Dukic et al., 2004). Petroleum ether, chloroform, ethyl
acetate, and n-butanol extracts showed moderate to strong anti-
bacterial activity against Sarcina lutea (zone inhibition (ZI) dia-
meters range: 10.7–19.3 mm), Staphylococcus aureus (ZI range:
10.0–16.3 mm), and Bacillus cereus (ZI range: 8.0–14.0 mm). The
corresponding ZI ranges of standard antibiotics against the afore-
mentioned strains were 28.0–29.0 (amoxicillin) and 32.7–36.6
(penicillin). Petroleum ether and ethyl acetate extracts of the plant
demonstrated the strongest antibacterial activities against Sarcina
lutea. RA, caffeic, and p-coumaric acids are the main compounds of
the ethyl acetate and n-butanol extracts while the petroleum ether
and chloroform extracts, due to their non-polar nature, are very
poor in these phenolic acids (Canadanovic-Brunet et al., 2008). M.
officinalis decoctions containing RA and lithospermic acid A were
mostly active against P. aeruginosa (MIC¼0.2, MBC¼0.4), Salmo-
nella typhimurium (MIC¼0.2, MBC¼0.4) and Penicillium funiculo-
sum (MIC¼0.1, MBC¼0.2) (Carocho et al., 2015). The antimicrobial
potency of M. officinalis decoctions on the mentioned micro-
organisms was comparable or higher than those of streptomycin
(MIC¼0.2, MBC¼0.3 [P. aeruginosa]; MIC¼0.25, MBC¼0.5 [S. ty-
phimurium]; MIC¼0.2, MBC¼0.25 [P. funiculosum]) and ampicillin
(MIC¼0.75, MBC¼1.2 [P. aeruginosa]; MIC¼0.4, MBC¼0.75 [S.
typhimurium]; MIC¼0.2, MBC¼0.5 [P. funiculosum]) as positive
controls. Besides, sulfated terpenes from the hydro-alcoholic ex-
tract of M. officinalis showed moderate antimicrobial activity
against Candida albicans, Candida glabrata, Candida krusei and As-
pergillus fumigatus (fungal strains), and S. aureus, E. coli, P. aeru-
ginosa and Mycobacterium intracellulare (bacterial strains) with
MIC values more than 1.5 μg/mL, while the corresponding MIC of
ciprofloxacin was 0.98 μg/mL (Tantry et al., 2014). These findings
verify the traditional applications of M. officinalis in the treatment
of fevers, wounds, scrofula and aphtha. In addition, products of
this plant may serve as natural preservatives for food and phar-
maceutical products.

5.12. Antiviral activity

Traditional application of M. officinalis leaves in patients bitten
by rabid dogs implies an antiviral activity of this plant. Hydro-
alcoholic and aqueous extracts of M. officinalis have been shown to
exert significant anti-HSV-1 and anti-HSV-2 activities in vitro
(Mazzanti et al., 2008; Nolkemper et al., 2006). An increase in the
HSV-1 virion’s density prior to its attachment to the host cells is
the most likely mechanism of action for the antiviral activity of the
aqueous extract of M. officinalis (Geuenich et al., 2008). However,
hydroalcoholic extract of M. officinalis does not prevent the entry
of HSV-2 into the cells, suggesting a mechanism of action sub-
sequent to the virus penetration into the cell (Mazzanti et al.,
2008). It is evident that RA plays a major role in the antiviral ef-
fects of the plant (Astani et al., 2014). Inhibition of HSV-1 and HSV-
2 by M. officinalis EO has also been demonstrated in vitro using the
plaque reduction assay. The EO affects the virus before adsorption,
but not after penetration into the host cell indicating direct anti-
viral effect of the EO on herpes viruses (Schnitzler et al., 2008). In
another study, different concentrations of M. officinalis EO were
found to inhibit the proliferation of HSV-2 and this effect was
inversely associated with the concentration of the virus. This latter
study suggested the role of citral and citronellal in the antiviral
activity due to the inhibition of protein synthesis in cells (Allah-
verdiyev et al., 2004). However, relatively high doses of the plant
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EO were used in this latter study with concentrations ranging from
25 to 200 mg/mL. The results of two clinical studies (a multicentric
study involving 115 patients and another subsequent double-blind
placebo-controlled study involving 116 patients) revealed sig-
nificant antiviral activity of a topical cream containing 1% dried
extract of M. officinalis against HSV infections. The studies showed
that treatment must be initiated in the very early stages of the
infection to bear maximum efficacy (Wolbling and Leonhardt,
1994). In spite of the traditional application of M. officinalis in the
prevention and treatment of rabies, anti-lyssavirus effects of this
plant have not been adequately studied and there is a need for
more studies on this effect of the plant. Moreover, exploring the
possible virostatic effects of M. officinalis and its ingredients
against hepatitis C virus (HCV) and HIV infections is
recommended.

5.13. Antispasmodic

In different systems of traditional medicine, M. officinalis has
been used as an antispasmodic agent, and as a remedy for gripe
and hiccup. In an in vivo study, the relaxant effect of the EO of M.
officinalis and its main component, citral, on rat ileum contractions
was evaluated. Both EO and citral could inhibit the response to KCl,
ACh and 5-hydroxytryptamine (5-HT) in a concentration-depen-
dent manner, indicating spasmolytic effects (Sadraei et al., 2003).
In 2005, a randomized double-blind placebo-controlled trial was
conducted to explore the efficacy of a polyherbal preparation
containing M. officinalis L., Matricaria recutita L. and Foeniculum
vulgare M. var. dulce in the treatment of infantile colic. The results
showed a significant improvement in breastfed infant colic within
one week of treatment initiation (Savino et al., 2005).

These findings along with the traditional uses of M. officinalis
suggest a possible role of this plant, especially its EO in reducing
intestinal contractions as well as alleviating broncho-constrictive
diseases such as asthma or COPD. These effects need to be eval-
uated in more details in future studies.

5.14. Anti-angiogenic effects

Angiogenesis is the process of forming new blood vessels from
pre-existing ones. The role of pathological and deregulated an-
giogenesis in cancer development is well established. The new
blood vessels supply the tumor tissue with nutrients and facilitate
cancer metastasis (Al-Husein et al., 2012; Carmeliet et al., 2000).
Abnormalities of angiogenesis can be implicated in the patho-
genesis of some diabetic manifestations like diabetic retinopathy
and nephropathy, and fetal problems (Martin et al., 2003). Hy-
droalcoholic extract of M. officinalis (100 mg/kg/day) has been re-
ported to inhibit laser-induced choroidal neovascularization (CNV)
development in a dose-dependent fashion in rats through inhibi-
tion of vascular endothelial growth factor (VEGF) and MMP-9 (Lee
et al., 2014). Moreover, a polyherbal anti-angiogenic formulation
containing M. officinalis has been shown to reduce mRNA levels of
angiogenic factors VEGF-A, -B, -C, -D, fibroblast growth factor-2
(FGF-2), and MMPs (MMP-2 and MMP-9), whereas mRNA levels of
angiogenic inhibitors in differentiated cells were increased. MMP-
2 and MMP-9 activities were also decreased in treated cells (Hong
et al., 2011). The plant also inhibits adipose tissue growth and
reduces body weight gain in mice via inhibiting angiogenesis (Kim
et al., 2010; Yoon and Kim, 2011). RA could inhibit several steps of
angiogenesis including proliferation, migration, adhesion and tube
formation in human umbilical vein endothelial cells (HUVEC) in a
dose-dependent manner. RA also reduces intracellular ROS levels,
VEGF expression and IL-8 release from endothelial cells (Huang
et al., 2006). In addition, RA suppresses retinal neovascularization
in a mouse model of retinopathy through cell cycle arrest, an effect
that could be partly explained by the increased expression of the
cell cycle regulatory protein p21WAF1 (Kim et al., 2009).

5.15. Antiepileptic activity

Methanol and aqueous extracts of M. officinalis have been re-
ported to exert potent antiepileptic activity in two animal models
of epilepsy namely maximal electroshock seizure (MES) and
pentylenetetrazole (PTZ) seizures (Bhat et al., 2012). Additionally,
pretreatment with hydro-alcoholic extract of the plant positively
affects prevention of the seizure symptoms induced by PTZ in-
jection in rats (Gorgich et al., 2012). While applied doses in both of
the above-mentioned in vivo studies could be extrapolated to
human according to allometric scaling principles, confirmation of
the efficacy and safety requires accurate clinical evaluation. Gallic
acid has been reported to protect against kainic acid (KA)-induced
seizure through reducing PGE2 production in KA-stressed PC12
cells (Huang et al., 2012). Although the above-mentioned findings
are in harmony with the traditional use of M. officinalis in the
treatment of epilepsy, the results need to be supported by ex-
periments using lower doses of M. officinalis extracts. Details of in
vitro and in vivo pharmacological effects of M. officinalis are pre-
sented in Table 3.
6. Pharmacokinetics

There are few pharmacokinetic studies on the extracts of M.
officinalis. Previous studies mostly focused on hydroxycinnamic
acid derivatives especially RA. RA has no affinity for intestinal
monocarboxylic acid transporter (MCT, a family of plasma mem-
brane transporters that carry molecules having one carboxylate
group across biological membranes) in human intestinal epithelial
Caco-2 cell monolayers. RA is absorbed via paracellular diffusion,
as a result of the negative effect of ester group on interactions with
MCT (Halestrap, 2013; Konishi and Kobayashi, 2005). Konishi and
Kobayashi (2005) examined the absorption characteristics of RA by
measuring its passage through Caco-2 cell monolayers using an
HPLC-electrochemical detector (ECD) coupled to a coulometric
detection system. The results suggested that the majority of RA is
metabolized by gut microbiota into m-coumaric acid and hydro-
xylated phenylpropionic acids. These metabolites are then trans-
ported by MCT and distributed within the body (Konishi et al.,
2005; Konishi and Kobayashi, 2005). RA is also metabolized to
methyl-RA, caffeic acid and ferulic acid. RA and its metabolites are
present in plasma and urine, predominantly as conjugated forms
such as glucuronide or sulfate (Baba et al., 2004, 2005). Metabo-
lism of RA may be altered by the presence of other factors such as
dietary phenolics, food intake, disease states and drugs. In addi-
tion, it is evident that plant extracts with a high diversity of
phenolic compounds may have higher bioavailability compared
with isolated compounds. For instance, Fale et al. (2013) showed
that co-administration of RA with flavonoids such as luteolin and
apigenin (both being present in M. officinalis) can result in an in-
crease in the bioavailability of RA in Caco-2 cell monolayers (Fale
et al., 2013). Therefore, the flavonoid content of M. officinalis
should be considered when studying absorption of the extract and
especially RA.

In a randomized controlled trial in healthy individuals (in fas-
ted state and fed state), serum levels of RA was measured using a
coulometric detection method with HPLC coupled to an electro-
chemical detector, after oral administration of a single dose of M.
officinalis extract containing 100, 250, or 500 mg RA. Serum con-
centration of total RA peaked after 1 h in fasted state, with max-
imum serum concentrations (Cmax) of 72.22 nM and 162.20 nM for
extracts containing 250 mg and 500 mg RA, respectively. The area



A. Shakeri et al. / Journal of Ethnopharmacology 188 (2016) 204–228220
under the curve (AUC) for intact RA was 832.13 nmol h/L. In ad-
dition, a significant increase in the mean AUCTotal (1.3 times) and a
delay in time to reach maximum serum concentration (Tmax) were
observed with food intake (Noguchi-Shinohara et al., 2015). Ad-
ditionally, RA was absorbed percutaneously and distributed
through the blood to skin, muscle and bone tissues after topical
application on the rat skin (Ritschel et al., 1989). Data are still too
limited for the assessment of brain bioavailability of RA and other
hydroxycinnamic acids. The intact forms of M. officinalis tri-
terpenes, oleanolic acid and ursolic acid, have been shown to be
recovered in blood and tissues after dietary intake of these com-
pounds in mice. Furthermore, prolongation of the intake period
was found to be associated with accumulated levels of these tri-
terpenes in brain, heart, liver, kidney, colon, and bladder tissues
(Yin et al., 2012). A number of animal experiments have studied
the metabolism and pharmacokinetic properties of citral, an oxy-
genated monoterpene of M. officinalis EO. Citral was found to be
almost completely absorbed orally as a result of its extreme vo-
latility (Diliberto et al., 1988). The primary route of metabolism for
citral has been suggested to be conversion to the corresponding
acid species possibly by the action of aldehyde dehydrogenases
(ALDH) (Boyer and Petersen, 1991). Urine is the major route of
elimination of citral, followed by feces and expired volatiles (Di-
liberto et al., 1988). Orally administered citral has been found to be
rapidly metabolized and excreted (with approximately 50% of the
oral dose excreted within 24 h) as metabolites, including several
acids and a biliary glucuronide: 3-hydroxy-3,7-dimethyl-6-octe-
nedioic acid; 3,8-dihydroxy-3,7-dimethyl-6-octenoic acid; 3,9-di-
hydroxy-3,7-dimethyl-6-octenoic acid; (E)- and (Z)-3,7-dimethyl-
2,6-octadienedioic acid; 3,7-dimethyl-6-octenedioic acid; and (E)-
3,7-dimethyl-2,6-octadienoic acid (Diliberto et al., 1990). After
dermal exposure, much of the applied dose of EO is not absorbed
possibly due to the high polarity. This can support the findings of a
clinical trial conducted by Burns et al. (2011) in which no sig-
nificant difference in the incidence of agitation was found between
M. officinalis EO massage aromatherapy, placebo and donepezil
groups. A relatively small part of citral was eliminated through
urine but most of the compound was excreted in feces, suggesting
a role for the first-pass metabolism through the skin (Diliberto
et al., 1988). Above-mentioned observations imply the necessity of
conducting additional studies to evaluate the bioavailability of
different extracts of M. officinalis. In particular, due to numerous
neurological effects of the plant, brain distribution and bioavail-
ability of the extracts and their main bioactive ingredients (in-
cluding RA, and triterpenes such as oleanolic acid and ursolic acid)
should be taken into consideration. It seems that microbial me-
tabolites of RA may partially account for its pharmacological ac-
tivities, since the majority of RA is metabolized by gut micribiota.
Interestingly, antiviral effects observed with topical application of
M. officinalis have been shown to be mainly attributed to RA which
has an acceptable percutaneous absorption.
7. Safety

7.1. In vitro studies

Astani et al. reported a maximum noncytotoxic concentration
of 150 μg/mL for aqueous extract of M. officinalis using neutral red
assay (Astani et al., 2012). The EO showed toxic effects on HEp-2
cells in concentrations above 100 mg/mL using trypan blue ex-
clusion method (Allahverdiyev et al., 2004). It also exhibited
neurotoxicity at a concentration of 0.1 mg/mL in a neuronal via-
bility assay using a primary neuronal culture system (Mahita et al.,
2014). No hepatotoxicity was observed when M. officinalis decoc-
tions were incubated with the primary culture of porcine liver
cells (PLP2) at concentrations up to 400 μg/mL (Carocho et al.,
2015). Citral was found to be able to displace [(3)H]17beta-estra-
diol from isolated alpha- and beta-human estrogen receptors, but
did not show estrogenic activity on the estrogen-responsive hu-
man cell line Ishikawa-Var I at levels below its cytotoxic con-
centration. Citral did not exhibit androgenic and anti-androgenic
activity in yeast (Howes et al., 2002).

7.2. In vivo studies

Bounihi et al. reported no toxicity following oral administration
of M. officinalis EO at doses of 300 and 2000 mg/kg in rats (Bounihi
et al., 2013). Aqueous and methanolic extracts of the plant also did
not exert any toxicity or behavioral change at a dose level of
2000 mg/kg in Swiss albino mice (Bhat et al., 2012). Similarly, no
genotoxic or mutagenic effects were reported for aqueous
(100 mg/kg) and alcoholic extracts (at doses of 250 or 500 mg/kg)
of the plant in animal studies (de Carvalho et al., 2011). Several
in vivo studies have pointed to a possible synergism between citral
and androgens. Cutaneous application of citral on adolescent rats
for 10 days induced initial benign prostatic hyperplasia lesions.
Citral enhanced the acinar hyperplasia after 30 days. After
3 months of treatment, involvement of the stromal component
was observed. Moreover, intermittent (every 4th day) application
of citral induced atypical prostatic hyperplastic changes in the
ventral prostate after 30 days (Engelstein et al., 1996). Nonetheless,
citral could not stimulate typical estrogenic responses of uterine
hypertrophy or increase uterine vascular permeability at levels
below its cytotoxic concentration (Howes et al., 2002).

7.3. Human studies

Based on the available clinical trials, oral administration of M.
officinalis has been reported to be relatively well-tolerated when
taken for up to 8 weeks. Evidence regarding the topical adminis-
tration of the plant also suggests minimal side effects by up to 10
days of application. A randomized controlled trial demonstrated
that a dose of M. officinalis extract containing 500 mg RA per day is
safe in humans (Noguchi-Shinohara et al., 2015). In another ran-
domized double-blind placebo-controlled multicenter study
among healthy volunteers, consumption of coated combination
tablets (Songha Nights) containing 80 mg M. officinalis and
120 mg Valeriana officinalis extracts was reported to be safe and
well-tolerated, and there was no case of serious adverse events or
significant changes in laboratory tests, physical examination and
rating of well-being (Cerny and Schmid, 1999). Moreover, findings
of a prospective open-label 15-day study did not show any adverse
effects after oral administration of M. officinalis (600 mg/ day)
(Cases et al., 2011). The results of two other clinical studies showed
no statistical difference in the frequency of adverse effects be-
tween treatment and placebo groups at any assessed time point
(Wolbling and Leonhardt, 1994).

Contradictory to the above-mentioned findings, some other
studies have reported adverse effects. One randomized controlled
trial reported the occurrence of vomiting, dizziness, wheezing,
agitation, abdominal pain and nausea after consumption of M.
officinalis extract (60 drops/day). However, the difference in the
frequency of side effects between the plant extract and placebo
was not significant (Akhondzadeh et al., 2003). Other reported
side effects included increased appetite (Alijaniha et al., 2015),
headache, EEG changes (at the high dose of 1200 mg), reduced
alertness (with a dose of 900 mg), increased intraocular pressure,
palpitation and thyroid hormone inhibition (Ulbricht et al., 2005).

In topical application, local reddening, contact dermatitis,
burning sensation, paresthesia, residual pigmentation and dermal
irritation were observed (Ulbricht et al., 2005). Thus, care should



Table 3
Pharmacological activities reported from the leaves of M. officinalis in detail.

Activity Dosage form/
type of extract

Effective concentrations/
dosages/route of
administration

Method of
extraction

Model Tested living
system/or-
gan/cell

Result* References

Anti-anxiety Methanol, water,
ethyl acetate
extracts

0–4 mg/mL Maceration In vitro Rat brain
GABA-T

The best results have been observed for methanol extract.
IC50s were 0.55, 0.82 and 2.55 mg/mL for extracts
respectively

Awad et al. (2009),

Hydroalcoholic
extract
(Cyracoss)

240 mg/kg and 360 mg/kg
chronic oral
administration

Maceration with
ethanol 70 °C

In vivo C57BL/6 mice Reduction in anxiety-like reactivity in the elevated plus
maze dose-dependently

Ibarra et al. (2010),

Ethanolicextract 300 mg/kg subacute oral
(10-day course)
administration

Maceration In vivo Wistar rats Anti-anxiety effects comparable with benzodiazepines Taiwo et al. (2012),

Aqueous extract
of M. officinalis
and Passiflora
caerulea

200 mg/kg oral
administration

Infusion In vivo Male mice Decrease in plasma levels of corticosterone Feliú-Hemmelmann et al. (2013),

Antidepressant
effect

Methanolic and
aqueous extracts

3.75, 7.5, 15, 30 and
60 μg/mL

Maceration In vitro – Mild inhibition of MAO-A with IC50s of 19.3 and 48.2
(μg/mL), respectively

Lopez et al. (2009),

Ethanolic extract subacute doses:100 and
300 mg/kg for male rats
30, 100 and 300 mg/kg for
female rats

Maceration In vivo Wistar rats Decrease in Immobility time in FS test Taiwo et al. (2012),

Aqueous extract 25, 75, 150, 300 mg/kgsub-
chronic administration

Maceration In vivo Mice Reduction in immobility along with an increase in climbing
behavior similar to imipramine in FS test

Emamghoreishi and Talebianpour (2009),

EO 300 mg/kg Maceration In vivo Mice Increase in swimming behavior in FS test Emamghoreishi and Talebianpour (2009),

Neuroprotective
effects

Pretreatments of
cells with metha-
nolic extract

60 and 80 μg/mL Maceration In vitro PC12 cells Protection of PC12 cells against H2O2 toxicity by the MTT
and LDH assays.

Lopez et al. (2009),

Aqueous and me-
thanolic extracts

20–120 μg/mL Maceration In vitro PC12 cells Reduction in the percentage of ROS formation, methanolic
extract being more effective

Lopez et al. (2009),

Ethanolic extract
and its acidic
fraction of

10 μg/mL of ethanolic ex-
tract
1 μg/mL of acidic fraction

Maceration In vitro PC12 cells Protection against Aβ-induced oxidative changes and cell
death

Sepand et al. (2013),

Aqueous extract 10 μg/mL Maceration In vitro Primary neu-
rons of hip-
pocampal
culture

Decrease in apoptotic neuronal death by 20% Hassanzadeh et al. (2011),

EO 10 μg/mL Not mentioned In vitro Human pri-
mary neurons

Protection against hypoxia in cultured neurons Bayat et al. (2012),

EO 100 mg/kg Not mentioned In vivo Male Spra-
gue–Dawley
rats

Decrease in caspase3 activity and TUNEL-positive cells and
Hippocampal neuronal damage

Bayat et al. (2012),

Effects on mood,
cognition and
memory

Ethanolic extract,
EO, decoction

Ethanolic extract:
0.5 mg/mL
EO: 1 mg/mL
decoction: 5 mg/mL

Maceration, hy-
drodistillation,
decoction

In vitro – AChE inhibition of the EO, ethanolic extract and decoction:
65.3%, 17.8%and 53.1%, respectively

Ferreira et al. (2006),

Ethanolic extract – Medium pressure
solid liquid
extraction

In vitro – AChE inhibition Activity of 1.7270.16 μg equivalents of
physostigmine/mg of the extract

Dastmalchi et al. (2009),

Ethanolic extract Intra-peritoneal injections,
200 mg/kg

Maceration In vivo Male albino
Wistar rats

Enhancement of learning and memory in naïve rats and
amelioration in scopolamine-induced learning deficit

Soodi et al. (2014),
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Table 3 (continued )

Activity Dosage form/
type of extract

Effective concentrations/
dosages/route of
administration

Method of
extraction

Model Tested living
system/or-
gan/cell

Result* References

Cardiovascular
effects

Ethanolic extract 100 and 200 mg/kg Maceration In vivo Male adult
Sprague
Dawley rats

Decrease in heart rates and percentages of incidence of VPB,
VT, and VF

Akhondali et al. (2015),

Aqueous extract 0.038, 0.38, 3.8 and 38 mg Maceration in
water 70 °C

In vivo Male rats Cardiac rate (CR) reduction Gazola et al. (2004),

Aqueous extract 400 mg Infusion In vivo male Wistar
rats

Mild protection against reperfusion-induced lethal ven-
tricular arrhythmias

Joukar et al. (2014),

Aqueous extract 1–1000 mg/mL Decoction In vivo Male Wistar
rats

Inducing concentration-dependent relaxation in pheny-
lephrine precontracted thoracic aorta rings

Ersoy et al. (2008),

Aqueous extract One week oral adminis-
tration of 50, 100 and 200
(mg/kg/day)

Infusion In vivo Male Wistar
rats

Prolongation of QRS, QTc, TpTe and JT intervals in ECG Joukar and Asadipour (2015)

Cytotoxic effects EO, citral 4.6; 9.2; 18.4 or 36.8 μg/mL
for EO 4.2; 8.4; 16.9; 28.1
or 33.7 μg/mL for citral

Hydrodistillation In vitro GBM cell lines
(U87 and
A172)

Reduction in the number of viable cells in cell lines in a
dose-dependent manner

Queiroz et al. (2014),

EO Dilutions of 0.02–0.5�103 Hydrodistillation In vitro Human can-
cer cell lines
(MCF-7,A549,
Caco-2, K562,
HL-60) and a
mouse cell
line (B16F10)

Inhibition in the viability of cells de Sousa et al. (2004),

Hydroethanolic
extract

– Maceration In vitro Colon carci-
noma cells
(HT-29 and
T84)

Inhibition of the proliferation of HT-29 and T84 cells with
IC50 of 346 and 120 μg/mL, respectively as well as apoptosis
induction

Weidner et al. (2015),

Decoction 8 mg/mL Decoction In vitro Human tu-
mor cell lines
(mainly
HepG2 and
MCF-7)

Growth inhibition against HepG2 and MCF-7 with GI50 va-
lues of 67 and 51 μg/mL respectively

Carocho et al. (2015),

Ethanolic extract 72 h of treatment with 5–
1,000 μg/mL

Maceration in vitro Human Colon
Cancer Cell
Line (HCT-
116)

Reducing cell proliferation to 40% in NR and MTT assays Encalada et al. (2011),

Dichloromethane
fraction of me-
thanol extract

50 mg/mL Maceration In vitro Leukemia cell
lines (Jurkat
and K562)

Induction of apoptosis in Jurkat and K562 by 85.66 and
65.04 respectively

Ebrahimnezhad Darzi and Amirghofran (2013),

Hydro-alcoholic
extract

Up to 100 μg/mL Soxhlet In vitro Human can-
cer cell lines
(A549, MCF-7,
Caco-2, HL-
60, K562)

Rosmarinic acid, caffeic acid and luteolin had potent cyto-
toxic activity (IC50 values of; 34.6, 41.1 and 62.4 μg/mL,
respectively)

Tantry et al. (2014),

Ethanolic extract Intraperitoneal injection of
500 mg/kg for 2 weeks

Maceration In vivo CF-1 male
mice

Antigenotoxic/antimutagenic properties de Carvalho et al. (2011),

Anti-in-
flammatory and
antinociceptive

Aqueous extract 50, 100, 200 and 400 mg/
kg administered by gavage

Infusion In vivo Rats Decrease in inflammagen-induced paw edema Birdane et al. (2007),
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effects
Aqueous extract 50, 100, 200 and 400 mg/

kg administered by gavage
Infusion In vivo Mice Decrease in the nociceptive response Birdane et al. (2007),

Ethanolic extract Oral administration of 3–
1000 mg/kg

Maceration In vivo Mice Dose-related antinociceptive effects with ID50 of 241.9 mg/
kg, inhibition the early and the late phases of formalin-in-
duced licking

Guginski et al. (2009),

Ethanolic extract Oral administration of 10–
1000 mg/kg

Maceration In vivo Mice Dose-dependent inhibition of glutamate-induced pain(ID50

¼198.5 mg/kg)
Guginski et al. (2009),

EO 4 weeks orally adminis-
tration of 0.04 mg/day

Hydrodistillation In vivo Male Wistar
rats

Inhibition of both of formalin-induced nociception in dia-
betic rats

Hasanein and Riahi (2015),

EO Oral administration of 200
and 400 mg/kg

Hydrodistillation In vivo Male Wistar
rats

Reduction and inhibition of edema induced by carrageenan
(61.76% and 70.58% ) and edema induced by experimental
trauma (91.66% and 94.44% )

Bounihi et al. (2013),

Hypoglycemic
effects

Ethanolic extract 6 weeks of oral adminis-
tration of 200 mg/kg/day

Maceration In vivo C57BL/6 mice Reduction in fasting blood glucose (14%) and insulin re-
sistance (35%)

Weidner et al. (2014),

EO 4 weeks of orally admin-
istration of 0.02 and
0.04 mg/day

Hydrodistillation In vivo Male Wistar
rats

Decrease in levels of plasma glucose and body weight Hasanein and Riahi (2015),

Hypolipidemic
effects

Ethanolic extract 21-day orally administra-
tion of 25, 50 and 75 mg/
kg

Maceration In vivo Male Wistar
rats

Decrease in liver enzymes levels in serum in hypercholes-
terolemic rats

Zarei et al. (2014),

Ethanolic extract 6 weeks of oral adminis-
tration of 200 mg/kg/day

Maceration In vivo C57BL/6 mice Reduction in plasma triacylglycerol, LDL/VLDL cholesterol
and nonesterified fatty acids in insulin-resistant obese mice

Weidner et al. (2014),

Aqueous extract Oral use of 2 g/kg every
day for 28

Decoction In vivo Swiss albino
rats

Reduction in total lipid, cholesterol, and liver enzyme levels
in serum, and LPO levels in liver in hyperlipidemic rats in-
crease in GSH levels

Bolkent et al. (2005),

EO 2 weeks of oral adminis-
tration of 12.5 mg/day

Hydrodistillation In vivo Human
APOE2 trans-
genic mice

Reduction in plasma triglyceride (TG) concentrations in
mice.

Jun et al. (2012),

Antimicrobial
effects

EO 50% and 20% solutions in
n-hexane

Hydrodistillation In vitro P. aeruginosa,
E. coli, S. en-
teritidis, S. ty-
phi, and
Shigella

Antibacterial activity Mimica-Dukic et al. (2004),

Petroleum ether
and ethyl acetate
extracts

10 mg/mL Maceration In vitro Sarcina lutea Potent antibacterial activities Canadanovic-Brunet et al. (2008),

Decoction – Decoction In vitro P. aeruginosa
and S. typhi
murium, and
P. funiculosum

Antibacterial activities Carocho et al. (2015),

Antiviral activity Hydroalcoholic
extract

0.025–1 mg/mL Not mentioned In vitro Vero cells Anti-HSV-2 activity with the maximum inhibiting effect
(60%) of 0.5 mg/mL

Mazzanti et al. (2008),

EO Pretreatment with dilu-
tions of 0.002% and lower
concentrations

Not mentioned In vitro Monkey kid-
ney cells

Inhibition of plaque formation of both HSV-1 and HSV-2 in a
dose-dependent manner

Schnitzler et al. (2008),

EO 25, 50, 100, 150 and
200 μg/mL

Vapor distillation In vitro HEp-2 cell
line

Inhibition of replication of HSV-2 Allahverdiyev et al. (2004),
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be exercised with respect to prolonged and high-dose intake of M.
officinalis-containing products until in-depth evidence from
chronic toxicity and dose-escalation studies is provided.
8. Future perspectives and conclusions

M. officinalis is a medicinal plant that has been long used in
various ethno-medical systems. The present review summarizes
the botany, traditional uses, phytochemistry, pharmacology and
toxicity of M. officinalis. Previous in vivo investigations and in vitro
studies have revealed that M. officinalis possesses many biological
activities such as anxiolytic, neuroprotective, antiinflammatory,
antinociceptive, cardiovascular, antimicrobial, antioxidant and cy-
totoxic properties. While such activities can generate hypothesis
for potential therapeutic effects of M. officinalis, proof-of-concept
trials are warranted to verify such effects in clinical practice. Hi-
therto, evidence from clinical trials has been provided for the
anxiolytic, antiviral and antispasmodic activities of this plant as
well as its effects on mood, cognition and memory. The current
clinical evidence suggests that the daily oral dose of 600 mg of M.
officinalis extract is possibly safe and effective in the treatment of
anxiety, mood and cognition problems. Moreover, topical admin-
istration of formulations containing 1% extract of M. officinalis
would be effective in the treatment of very early stages of HSV
infections. These activities have been shown to be mainly attrib-
uted to RA, the major constituent of M. officinalis extracts and ci-
tral, the main component of its EO. Nevertheless, mechanisms of
actions, clinical effectiveness and proper dosage for the other
ethno-medical uses and pharmacological activities of this plant
would need to be studied. Furthermore, in spite of the large body
of scientific evidence regarding the medicinal properties of M.
officinalis, there are still several gaps in our understanding of the
applications of this plant. The first gap, as referred in the above
sections, is that some of the pharmacological effects of M. offici-
nalis in in vitro and in vivo studies have been obtained with doses
of the plant extract that may be high for clinical practice. For in-
stance, doses of M. officinalis extract applied to evaluate hypoli-
pidemic (e.g. administration of 2 g/kg of extract in mice), anti-
depressant (e.g. administration of 300 mg/kg EO in mice), anti-
genotoxic and antimutagenic (e.g. administration of 500 mg/kg of
extract in mice) activities of M. officinalis are too high for replica-
tion in clinical studies. It is also important to mention that a
common mistake in translating animal doses to humans is the use
of isometric scaling, which involves a simple conversion of animal
dose to humans by body weight (a milligram per kilogram basis).
This can lead to underestimation of the toxicity or overestimation
of the human dose. Allometric scaling, which involves body sur-
face area instead of body weight, is more appropriate due to the
fact that larger animals normally have a slower metabolic rate and
therefore require a smaller drug dose (Wojcikowski and Gobe,
2014). Accordingly, although administration of plant extracts in
the order of 4–5 g/day is not uncommon in humans, any medical
application with such doses should be preceded by careful safety
studies.

Secondly, despite extensive traditional uses of M. officinalis as
an exhilarating and anti-depressant medicine, only few studies
using limited in vivo models have been conducted to evaluate
these effects. Therefore, exploring various neurobiological me-
chanisms underlying anti-depressant activities of this plant using
additional standard animal models of depression would be ne-
cessary. Moreover, there is a need for proof-of-concept clinical
trials to validate the efficacy of M. officinalis as an adjunct to
standard of care treatments for depression. Likewise, many other
traditional uses of the plant have not received enough attention. A
number of studies have revealed cytotoxic activities ofM. officinalis
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against several human cancerous cell lines. The plant also exhibits
antigenotoxic and antimutagenic effects in vivo, although the tes-
ted doses were far too high to be replicated in clinical practice.
Noteworthy, before any anti-tumor or anti-cancer effect could be
attributed to M. officinalis, sufficient pre-clinical and clinical evi-
dence should be obtained on the capacity of this plant, or its in-
gredients, to reduce tumor size, increase survival, or improve the
outcomes of cancer. Currently, such evidence is scant and most of
the data have been reported from cell culture studies, mostly
employing monolayer cultures, instead of 3-dimensional or
spheroid models, of tumor cells. Moreover, some of the previous
studies on the cytotoxic effects of M. officinalis were limited in
providing information on selective toxicity of this plant and its
impact on the viability of non-cancerous cells. Until such data are
provided, any interpretation on the utility of M. officinalis as a
cytotoxic agent should be made with extreme caution.

Thirdly, the traditional use of M. officinalis is mostly combined
with other medicinal plants. For instance, as mentioned before,
there are around 400 compound prescriptions containing M. offi-
cinalis in ITM. Therefore, possible interactions and synergistic ef-
fects of this plant with other ingredients of poly-herbal prepara-
tions should be investigated. In this context, although the safety
and well tolerability of the plant have been supported by experi-
mental and clinical studies, potential interactions with compo-
nents of poly-herbal preparations as well as antidepressant, anti-
anxiety and mood-stabilizing drugs remain unknown.

Fourthly, hydroxycinnamic acids, in particular RA, are potent
compounds that may account for several therapeutic activities of
M. officinalis leaves, and mainly occur in hydrophilic extracts. EO of
the leaves and its main component citral also contribute to the
plant’s pharmacological effects, particularly antibacterial and an-
tiviral properties. However, there is little, if any, information on
the phytochemical and pharmacological characteristics of M. offi-
cinalis seeds. Moreover, there is an infraspecific taxon of the spe-
cies (Melissa officinalis subsp. inodora Bornm.) which may differ in
its phytochemical compounds and pharmacological properties,
thus necessitating comparative studies on this infraspecific taxon.

Fifthly, several studies addressed absorption, distribution and
metabolism of a few active ingredients present in M. officinalis.
However, data on the pharmacokinetic aspects of the whole extracts
of the plant are scarce and the penetration capacity of plant’s in-
gredients into the central nervous system is largely unknown.

Finally, although the majority of clinical studies reported no or
minor adverse events following administration of M. officinalis,
there remain concerns about some serious but not statistically
significant observed side effects e. g. increased intraocular pres-
sure and thyroid hormone inhibition which necessitate further
investigations and caution in the administration of M. officinalis
containing preparations to subjects with ocular and thyroid
disorders.

Overall, although promising clinical evidence for the efficacy of
M. officinalis in the treatment of anxiety, HSV infections, and mood
and cognition problems exists, data regarding the other ethno-
medical uses of this plant is too preliminary and mostly fails to
explain the exact cellular and molecular mechanisms of action and
the respective active compounds. Therefore, future studies should
be focused on investigating mechanisms of actions and pharma-
cokinetics of the extracts and active compounds of M. officinalis
based on a variety of appropriate animal models and realistic
dosages. Further research should also consider clinical efficacy and
safety of the plant extracts and active compounds in the treatment
of depression, cancer, bacterial infections, epilepsy and other re-
ported traditional uses of M. officinalis. This review provided in-
formation for the development and utilization of ethno-medical
knowledge in order to develop efficient and safe M. officinalis-
based pharmaceuticals.
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