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Abstract

Melissa officinalis is a plant cultivated in some parts of Iran. The leaves of lemon balm, Melissa officinalis L (Lamiaceae), are used in
Iranian folk medicine for their digestive, carminative, antispasmodic, sedative, analgesic, tonic, and diuretic properties, as well as
for functional gastrointestinal disorders. This review article was aimed not only to introduce Melissa officinalis (its growth
condition, its chemical compounds, and its traditional usages) but also to overview its antioxidant properties in detail. This
review was carried out by searching studies in PubMed, Medline, Web of Science, and IranMedex databases up to 2016. The
search terms used were “Melissa officinalis L,” “antioxidant properties,” oxidative stress,” “oxidative damage”, “ROS.” Articles
whose full texts were not available were excluded from the study. In this study, firstly, traditional usage of this herb was
reviewed, including antimicrobial activity (antiparasitic, antibacterial, antiviral, etc), antispasmodic, and insomnia properties.
Then, its antioxidant properties were overviewed. Various studies have shown that Melissa officinalis L possesses high amount
of antioxidant activity through its chemical compounds including high amount of flavonoids, rosmaric acid, gallic acid, phenolic
contents. Many studies confirmed the antioxidative effects of Melissa officinalis; thus, its effect in preventing and treating

oxidative stress-related diseases might be reliable.

Keywords

Melissa officinalis L, traditional usage, antioxidant properties, oxidative stress, oxidative damage, ROS

Received March |1, 2016. Received revised May 22, 2016. Accepted for publication July 16, 2016.

The use of medicinal herbs and herbal medicines is an age-old
tradition, and the recent progress in modern therapeutics has
stimulated the use of natural products worldwide for diverse
ailments and diseases.'™" In traditional medicine, folk people
used medicinal plants in diverse manners to treat diseases.'*>*
Traditional medicine is popular in all regions of the world, and
its use is rapidly expanding even in developed countries. >
For example, in China, traditional herbal preparations account
for 30% to 50% of the total medicinal consumption, and now
the annual global market for herbal medicine is over US$60
billion. The World Health Organization estimated that over
80% of the people in developing countries rely on traditional
remedies such as herbs for their daily needs and about 855
traditional medicines include crude plant extracts. This means
that about 3.5 to 4 billion of the global population rely on plants
resources for drugs. However, the traditional usages of just
some of these medicinal plants have been investigated in vitro
and clinical trial studies.****

In fact, herbal medicines possessing natural essential
chemical compounds in their profile could fulfill the primary
needs and prerequisite of human beings to cure their dis-
eases.**>! It has been reported that natural products, their
derivatives and analogs, represent over 50% of all drugs in

clinical use, in which natural products derived from higher
plants represent about 25% of the total. The diversity of nat-
ural compounds in herbs and their different functions in pre-
venting and treating different diseases on the one hand and
their property of being natural and comfortable with the body
and not having adverse effects providing their proper usage
induces people toward their consumption; educated public
and health care professionals have enormous interests con-
centrating studies on these herbs and diagnosing their thera-
peutic properties, but there is a great deal of confusion about
their identification, effectiveness, therapeutic dosage, toxi-
city, standardization, and regulation.’®* To achieve this
purpose, lots of studies have been carried out to concentrate
on the identification of medicinal herbs triggering economi-
cally remarkable chances for farmers and related cultivation,
harvesting, and agronomic conditions of the herb to generate
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favorable a chemical and pharmacological profile.** Econom-
ically, cultivating Melissa officinalis is cost-effective, and
compared with the economic indicators of traditional crops
grown on fertilized land, this herb provides much higher
profits.®®> This review article is aimed not only to introduce
Melissa officinalis (its growth condition, its chemical com-
pounds, and its traditional usages) but also to overview its
antioxidant properties in detail.

Taxonomy

Melissa officinalis L, also known as lemon balm, bee balm,
honey balm,® is a perennial herb. It is a member of the Lamia-
ceae (mint) family, and lemon balm (Melissa officinalis)
belongs to a genus that includes 5 species of perennial herbs
native to Europe, Central Asia, and Iran. Although Melissa
officinalis originated primarily in Southern Europe, it is now
naturalized around the world, from North America to New
Zealand.®” Lemon balm occurs naturally in sandy and scrubby
areas®® but has also been reported to grow on damp wasteland,
at elevations ranging from sea level to the mountains. In Iran,
this plant is known locally by the names Badranjbooye, Var-
angboo, and Faranjmoshk.®®

The taxonomical classification of this plant is as follows:
Kingdom: Plantae; Division: Tracheophyta; Subdivision:
Speramtophyta; Class: Magnoliopsida; Superorder: Asteranae;
Order: Lamiales; Family: Lamiaceae; Genus: Melissa; Species:
Melissa officinalis L.

Cultivation

Lemon balm is probably one of the easiest herbs to grow and
is ideal for beginners. This perennial herb grows and spreads
so readily that some gardeners consider it a weed.

Traditional Uses

Historically lemon balm has been said to possess sedative/
tranquilizing, anti-gas, fever-reducing, antibacterial, spasmo-
lytic,”® hypotensive, memory-enhancing, menstrual-inducing,
and thyroid-related effects; antiviral and antioxidant activi-
ties; antifungal, antiparasitic, and antispasmolytic activities;
flatulence; asthma; bronchitis; amenorrhea; cardiac failure;
arrhythmias; ulcers; and wounds.”*®* Besides, it has been said
that it is effective in treatment of headaches, indigestion,
colic, nausea, nervousness, anemia, vertigo, syncope, malaise,
insomnia, epilepsy, depression, psychosis, and hysteria."9

Chemical Compounds

The leaf of Melissa officinalis contains flavonoids (quercitrin,
rhamnocitrin, luteolin), polyphenolic compounds (rosmarinic
acid, caffeic acid, and protocatechuic acid), monoterpenoid
aldehyde, monoterpene glycosides, triterpenes (ursolic and
oleanolic acids), sesquiterpenes, tannins, and essential oils
(citral).%* Thirty-three components were identified representing
89.30% of the total oil in the composition of the leaf (Table 1).

Table I. Chemical Compositions of Melissa Officinalis L.

Diagnosed

Main Categories Organ

o-Pinene

cis-p-Meth-2 en-7-ol

2-Pinen-4-one

Nerol acetate

Citronellal, methyl citronellate, citral,
citral a (geranial), citral b (neral),
ocimene, linalool, and ethric oil

Nerol

Patchoulene

IR-0-Pinene

Isogeraniol

Geraniol

Verbenol

Carane

Geraniol acetate

Menthol

Terpenes

Leaf, oil

Phenolic
compounds

Nitrogen
compounds
Cinerone
cis-Z-Bisabolene oxide
Verbenone
Aromadendrene oxide
B-Caryophyllene
f-Caryophyllene oxide
Aromadendrene oxide
Andropholide
Caryophyllene oxide
cis-Myrtanol
Germanicol
Longifolene
Himachalene
Himachala-2,4-diene
Cubenole
Pimara-7,15-dien-3-one
Cycloisolengifolene
Cholest-5-en-7-ol
Lupan-3-ol acetate
Eugenylglycoside
Dehydroabietane diterpene
hydrocarbon

Leaf, oil
Leaf, oil

Leaf
Leaf

Six predominant components followed in the essential oils
from Sefrou lemon balm were citronellal (14.40%), isogeraniol
(6.40%), geraniol acetate (10.20%), nerol acetate (5.10%), car-
yophyllene (8.10%), and caryophyllene oxide (11.00%), repre-
senting 55.20% of the total oil (Table 1).%°

Leaf: Citral, monoterpenes, geranial and neral. Flavonoids
such as luteolin-7-o-glucoside (0.0002%)

Oil: Geranial, neral, 6-methyl-5-hepten-2-one, citronellal,
geranyl-acetate, B-caryophyllene, and B-caryophyllene-
oxide

The dried lemon balm leaves: Citral (neral + geranial)
0.13%, total polyphenol compounds 11.8% comprising
total hydroxycinnamic compounds 11.3% (rosmarinic
acid 4.1%) and total flavonoid compounds 0.5%.
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The lemon balm extract: Hydroxycinnamic acid derivatives
and flavonoids with caffeic acid, m-coumaric acid, erio-
dictyol-7-O-glucoside, naringin, hesperidin, rosmarinic
acid, naringenin, hesperetin, phenolic content of the
extract (gallic acid equivalents).

Pharmacological Activities

Antimicrobial Activity (Antiparasitic, Antibacterial, Antiviral). The
virucidal and antiviral effects of Melissa officinalis L extracts
(M1, M3, M3, and M4) with respect to herpes simplex virus
type 1 was investigated, and no significant values of inhibiting
activity of M1, M2, and M3 on the same virus in vitro or in vivo
were demonstrated. Caffeic, rosmarinic, and ferulic acids con-
tribute to antiviral activity of Melissa officinalis L.°® In a
double-blind study, a specially prepared dried extract from
Melissa leaves was investigated and the antiviral activity in
vitro of this plant against herpes simplex infections was con-
firmed. Besides, the treatment with this plant was shown to be
effective at very early stages of the infection.”® A double-blind,
placebo-controlled, randomized trial was carried out with the
aim of proving efficacy of standardized balm mint cream for
the therapy of herpes simplex labialis. The tested formulation
was effective for the treatment of this disease. In addition to the
shortening of the healing period, balm mint cream was bene-
ficial in preventing spreading of the infection and contribute to
the rapid effect on typical symptoms of herpes like itching,
tingling, burning, stabbing, swelling, tautness, and erythema.
The different mechanism of action of the balm mint extract
rules out the development of resistance of the herpes virus.®’
In an in vitro study, anti-herpes activity of Melissa officials
was investigated and it was suggested that Melissa extract pos-
sesses high virucidal activity against herpes simplex virus type
1 (HSV-1), even at very low concentrations of 1.5 pg/mL.
Besides, it was indicated that rosmarinic acid mainly contrib-
uted to the antiviral activity of Melissa extract.”' A hydroalco-
holic extract of lemon balm leaves was investigated against
the herpes simplex virus type 2 (HSV-2) in comparison with
acyclovir. Lemon balm showed to reduce the cytopathic effect
of HSV-2 on Vero cells, in the range of nontoxic concentrations
of 0.025 to 1 mg mL. This study showed anti-herpes effect of
this plant through cinnamic acid-like compounds, mainly ros-
marinic acid.”® In an animal study, the antiviral effect of lemon
balm oil on herpes simplex virus (HSV-1 and HSV-2) was
examined and it was suggested that Melissa oil affected the
virus before adsorption, but not after penetration into the host
cell; thus, lemon balm oil is capable of exerting a direct anti-
viral effect on herpes viruses. Considering the lipophilic nature
of lemon balm essential oil, which enables it to penetrate the
skin, and a high selectivity index, Melissa officinalis oil might
be suitable for topical treatment of herpetic infections.®” The
effects of the volatile oil components of Melissa officinalis was
evaluated on HSV-2 replication in HEp-2 cells. Five different
concentrations (25, 50, 100, 150, and 200 pg/mL) of volatile
oils were examined. The antiviral activity of nontoxic

concentrations against HSV-2 was tested. The replication of
HSV-2 was inhibited, indicating that the Melissa officinalis
L extract contains an anti-HSV-2 substance.®® An aqueous
extract of Melissa officinalis and the phenolic compounds
caffeic acid, p-coumaric acid, and rosmarinic acid were exam-
ined for their antiviral activity against HSV-1 acyclovir-
sensitive and clinical isolates of acyclovir-resistant strains in
vitro. These results indicate that mainly rosmarinic acid con-
tributed to the antiviral activity of Melissa extract. Penetration
of herpes viruses into cells was inhibited by Melissa extract at
80% and 96% for drug-sensitive and drug-resistant viruses,
respectively.®® The essential oil obtained from leaves of
Melissa officinalis L was investigated for its in vitro antimi-
crobial activity. The results showed that the essential oil pre-
sented high antimicrobial activity against all microorganisms
targeted mainly against 5 human pathogenic bacteria, 1 yeast
Candida albicans, and 2 phytopathogenic fungi tested.”?
Antimicrobial activity of Melissa officinalis essential oil was
investigated and it was shown that the most effective anti-
bacterial activity was expressed on a multiresistant strain of
Shigellasonei. A significant rate of antifungal activity was
exhibited on Trichophyton species.®® The antimicrobial prop-
erties of essential oil from Romanian Melissa officinalis were
assayed, which showed a high activity against Candida albi-
cans. The gram-negative bacteria were not affected by the
lemon balm 0il.*” Antimicrobial activities of the extracts and
of rosmarinic acid of this plant were evaluated and were
confirmed.”

Antispasmodic Activity. The anti-inflammatory activities of
Melissa officinalis L leaves were investigated. The essential
oil of Melissa officinalis L was shown to have anti-
inflammatory activities, supporting the traditional application
of this plant in treating various diseases associated with inflam-
mation and pain.”* The antinociceptive effect of the ethanolic
extract from Melissa officinalis L and of the rosmarinic acid in
chemical behavioral models of nociception were investigated.
The present results suggest that the extract produced dose-
related antinociception in several models of chemical pain
through muscarinic and nicotinic acetylcholine receptors
and the L-arginine-nitric oxide pathway. In addition, the ros-
marinic acid contained in this plant appears to contribute to the
antinociceptive property of the extract.® Efficacy of Melissa
officinalis in the treatment of infantile colic was evaluated.
Eighty-eight infants completed the trial. This study shows that
colic in breastfed infant improves within 1 week by treatment
with an extract based on Melissa officinalis.®® In an animal
study, the relaxant effect of the essential oil of Melissa offici-
nalis and its main component, citral, on rat-isolated ileum con-
tractions was evaluated. Melissa officinalis essential oil
inhibited the response in a concentration-dependent manner.
Citral also had a concentration-dependent inhibitory effect.®’

Insomnia. Efficacy and tolerability of a combined valerian/
lemon balm preparation were investigated in an open, multi-
center study in children less than 12 years suffering from
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restlessness and nervous dyskoimesis. Euvegal forte was effec-
tive in the treatment of younger children with restlessness and
dyssomnia and it was very well tolerated.”” For the first time, it
has been shown that chronic administration of Melissa offici-
nalis L relieves stress-related effects. It is critical that further
studies incorporate a placebo and investigate physiological
stress markers.”®

Antioxidant Activity. The antioxidants are known to play an
important role in protection against disorders caused by oxidant
damage. Reactive oxygen species (ROS) production can over-
come cellular antioxidant defenses and can lead to a condition
termed oxidative stress. Of particular importance, oxidative
stress has been implicated in the installation and progression
of several degenerative diseases, via DNA mutation, protein
oxidation, and/or lipid peroxidation. Literature data have given
special attention to the role of ROS and oxidative stress in
diabetes, cardiovascular diseases, chronic neurodegenerative
disorders such as Parkinson’s and Alzheimer’s diseases, and
SO on.

It was revealed that essential oils of Melissa officinalis L
have good potential for antioxidant activity and can be used in
lipid-containing foods. It is a rich source of antioxidants, in
particular from the group of phenolic compounds.”” Its activity
is comparable with synthetic antioxidants (BHA and BHT), and
antioxidant activity is related to phenolic compounds like citro-
nellal and neral.”®

In a study, water extracts of 6 different herbs of the Lamia-
ceae family (dittany, lemon balm, mint, sage, siderites, and
sweet marjoram) were investigated for their antioxidative prop-
erties. The extracts were examined for their effect against lipid
oxidation in comparison to a tea water extract. It showed that
the extract of Melissa was rich in bound forms of phenolic
compounds such as hydroxycinnamic acids and flavonoids,
rosmarinic and caffeic acids.”” In another study, essential oil,
ethanolic extract, and decoction of 10 plant species from inte-
rior Portugal were analyzed for their activity toward acetyl
cholinesterase enzyme and their antioxidant activity. Melissa
officinalis and Mentha suaveolens showed acetyl cholinester-
ase inhibitory capacity is higher than 50% in the essential oil
fraction. Melissa officinalis showed both high acetyl cholines-
terase inhibitory capacity and antioxidant activity. Besides,
Melissa officinalis showed appreciable antioxidant activity
only in the polar fractions.*® Antioxidant activity of different
fractions from Melissa officinalis extract was evaluated. Ethyl
acetate fraction presented the highest flavonoids content as
well as the antioxidant activities when compared with other
tested fractions.®'

The lemon balm extract has the ability to scavenge both
synthetic and natural free radicals. This is of significant impor-
tance as it indicates that the extract may have the potential to
prevent oxidative damage in vivo by preventing free radical—
mediated oxidative stress.®? The ability to scavenge the free
radical DPPH (2,2-diphenyl-1-picrylhydrazyl) was very high in
lemon balm. It was suggested that Melissa officinalis sca-
venged DPPH radical in a concentration-dependent manner

with ICsq values of 48.76 + 1.94 pg/mL. Melissa officinalis
showed strong reducing power and exhibited a significant inhi-
bition of deoxyribose degradation.®® In another study, water
extracts of Melissa officinalis L suppressed the formation of
DPPH, hydroxyl, and lipid peroxyl radicals in a dose-
dependent manner. The maximum DPPH and hydroxyl radical
scavenging activities were achieved in the presence of n-buta-
nol extract at concentrations of 0.4 mg/mL and 0.5 mg/mL,
respectively. The highest lipid peroxyl scavenging activity
(93.20%) was observed at a higher concentration (5 mg/mL)
of n-butanol extract in the lipid peroxidation system. The high
phenolic content and radical scavenging activities of extracts of
Melissa officinalis L was confirmed.®*

In a study, Melissa officinalis had very high levels of phe-
nolics (13.2 mg GAE/100 g dw) in 32 plant spices.®® In another
study, it had the highest levels of phenolics and flavonoids.™

Four known compounds have been isolated from dried
stems and leaves of Melissa officinalis. The known compounds
were identified as quadranoside 111, salvianic acid A, rosmari-
nic acid, and luteolin. Free radical scavenging and antimicro-
bial activities of the extracts and of rosmarinic acid, the major
component, were evaluated.®’

The highest value of phenol compounds was obtained for
the extracts of solid residues of supercritical extraction at 10
MPa, 323 K, and 30 minutes.®®

The phenolic profiles of different samples of lemon balm
were evaluated. The profiles were compared in order to under-
stand the differences between cultivated, in vitro cultured, and
commercial (bags and granulated) samples. Rosmarinic acid
was the most abundant compound. Moreover, dimers, trim-
mers, and tetramers of caffeic acid were identified and quanti-
fied for the first time in lemon balm. Only one flavonoid,
luteolin-30-O-glucuronide, was found in all the samples. Over-
all, cultivated and in vitro cultured samples presented the low-
est amounts of phenolic compounds; otherwise, commercial
samples showed the highest contents.®’

Antioxidant potential in garden cultivated, in vitro cul-
tured, and 2 commercial samples (bags and granulated) of
lemon balm was evaluated and compared. The profile of in
vitro cultured lemon balm is closer of garden cultivated sam-
ple than of both commercial samples (bag or granulate). Gar-
den cultivated sample presented the highest levels of proteins
and ash, and the lowest energetic value. The highest a-
linolenic acid, tocopherols (including a-, c-, and d-isoforms),
and ascorbic acid contents were also observed in this sample.
However, it was the commercial bag lemon balm that gave the
highest antioxidant.””

In an animal study, Melissa officinalis aqueous extract pos-
sessed potent antioxidative and neuroprotective properties,
validating its efficacy in attenuating Mn-induced oxidative
stress in the mouse brain.”’ Some of the individual compounds
identified in the samples (mainly rosmarinic acid, which is the
most antioxidant agent according to literature) could be respon-
sible for the antioxidant activity of lemon balm.®’

In another animal study on mice, the antioxidant capacity of
Melissa officinalis and 2 other plants used in Brazil was



Mirgj et al

389

investigated to treat neurological disorders. The antioxidant
effect of phenolic compounds commonly found in plant
extracts, namely, quercetin, gallic acid, quercitrin, and rutin,
was also examined for comparative purposes. Melissa officina-
lis aqueous extract caused the highest decrease in TBARS pro-
duction induced by all tested pro-oxidants. Melissa officinalis
presented also the best antioxidant effect, but in this case, the
antioxidant potencies were similar for the aqueous, methanolic,
and ethanolic extracts. Among the purified compounds, quer-
cetin had the highest antioxidant activity followed by gallic
acid, quercitrin, and rutin.”? It was indicated that Melissa offi-
cinalis could be considered an effective agent in the prevention
of various neurological diseases associated with oxidative
stress in mice.®’

In a clinical trial the capability of Melissa officinalis L
infusion on improvement of oxidative stress status was studied
in radiology staff. It was concluded that infusion of lemon balm
markedly improve oxidative stress condition and DNA damage
in radiology staff when used as a dietary supplement for radia-
tion protection.”

In another animal study on boars, the protective ability of
extracts of mate tea and lemon balm was investigated. It was
indicated that the highest concentration of lemon balm pro-
duced significant improvement in curvilinear trajectory,
straightness, and amplitude of lateral head displacement after
thawing.”*

Mechanisms of Action

Antioxidants act in one or more of the following ways: reduc-
ing agents, free radical scavengers, potential complexes of pro-
oxidant metals, and quenchers of singlet oxygen.”>™*’

Lemon balm has shown to possess high phenolic content
and antioxidant properties. Antioxidant activity of lemon balm
has been shown as evidenced by the reduction of DPPH. Also,
studies have demonstrated that the cytoprotective effect of
lemon balm extracts seen in rats was partly due to free radical
scavenging properties.”>*® Besides, it could protect against
oxidative damage induced by various pro-oxidant agents that
induce lipid peroxidation by different processes. Thus, plant
extracts could inhibit the generation of early chemical reactive
species that subsequently initiate lipid peroxidation or, alterna-
tively, they could block a common final pathway in the process
of polyunsaturated fatty acids peroxidation. Lemon balm infu-
sion improves plasma levels of catalase, superoxide dismutase,
and glutathione peroxidase and a marked reduction in plasma
DNA damage, myeloperoxidase, and lipid peroxidation. Due to
its iron(Il) chelating activity of the extract, its antioxidant
potential was increased.®” It was found that flavonoids agly-
cones were responsible for the free radical scavenging activity
and that induced lipid peroxidation in rat cultured hippocampal
neurons was significantly inhibited by fractions containing fla-
vonol glycosides, flavonol and biflavone aglycones, or chloro-
genic acid type phenolics present in the ethanolic extract.®”

Phenolic compounds are the most important compounds that
have antioxidant activities.””*"”-'%7

To balance the oxidative state, plants and animals maintain
complex systems of overlapping antioxidants, such as glu-
tathione and enzymes (eg, catalase and superoxide dismutase)
produced internally or vitamin C, vitamin A, and vitamin E
obtained by ingestion.

Antioxidants are widely used in dietary supplements and
have been investigated for the prevention of diseases such as
cancer or coronary heart disease. The hypothesis that antiox-
idant supplements might promote health has not been con-
firmed experimentally. Trials including B-carotene, vitamin
A, and vitamin E singly or in different combinations have
indicated that supplementation has no effect on mortality or
might increase it.***> Randomized clinical trials of taking anti-
oxidants including B-carotene, vitamin E, vitamin C, and sele-
nium have shown no effect on cancer risk or have increased
cancer risk.*”>* Supplementation with selenium or vitamin E
does not reduce the risk of cardiovascular disease.®'*?

Antioxidants have many industrial uses, such as preserva-
tives in food and cosmetics and to prevent the degradation of
rubber and gasoline.®'

Discussion

In this study, first traditional usages of Melissa officinalis and
second its antioxidant properties were reviewed in detail. The
findings of this study indicated that the antioxidant activity
of this plant was mainly attributed to the phenolic compounds
of the plant, either in plants of different origin or prepared by
differing extraction methods.

The phytochemical analysis of Melissa officinalis has
revealed a large number of compounds including high amount
of flavonoids, rosmaric acid, gallic acid, phenolic contents,
and so on, which have been shown to have potent antioxidant
properties®*® acting in a synergistic way. It was found that
the antioxidant activity of phenolic compounds in the plant
extract is mostly because of rutin, quercitrin, galic acid, and
quercetin, with the highest antioxidant activity belonging to
quercetin and then to galic acid, quercitrin, and rutin, respec-
tively. The extract of this plant is able to prevent the produc-
tion of chemically active species and it may block lipid
peroxidation through various processes.'*®

Evidence from numerous clinical and experimental studies
has shown the significant protective effects of phenolic com-
pounds against oxidative damage in disease treatment and pre-
vention. For example, it was shown in a study that Melissa
officinalis extract could prevent neurological diseases associ-
ated with oxidative stress.®’

In addition, it was shown that the antioxidant activities of
similar phenolic-containing compounds are not identical,
suggesting that each compound must be examined individually
for its antioxidant behavior.®

A positive and significant correlation existed between anti-
oxidant activity and total phenolic content, revealing that phe-
nolic compounds were the dominant antioxidant components in
this plant. It was revealed that essential oils of Melissa offici-
nalis L have good potential for antioxidant activity and can be
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used in lipid containing foods. It is rich sources of antioxidants,
in particular, from the group of phenolic compounds like citro-
nellal and neral.”” Melissa officinalis had very high levels of
phenolics (13.2 mg GAE/100 g dw) in 32 plant spices.®’
Besides, it was suggested that it had the highest levels of phe-
nolics and flavonoids.®® The highest value of its phenol com-
pounds was obtained for the extracts of solid residues of
supercritical extraction at 10 MPa, 323 K, and 30 minutes.5®

The extract of the plant can have a significant role in main-
taining health and curing diseases because of its volatile
organic compounds and its active constituents such as terpe-
noids, flavonoids, quercetin, rutin, quercitrin, gallic acid, and
high antioxidant capacity. Essential oil of Melissa officinalis
showed both high acetyl cholinesterase inhibitory capacity
and antioxidant activity. Besides, Melissa officinalis showed
remarkable antioxidant activity only in the polar fractions.®
Rosmarinic acid was the most abundant compound in this
plant.®®

Comparison of cultivated and in vitro cultured and com-
mercial samples of Melissa in the DPPH assay showed the
lowest amounts of phenolic compounds for the 2 first and the
highest contents for the commercial samples.”®

Finally, several studies of very different quality reported a
radical scavenging and antioxidant potential of polar extracts
from Melissa. These activities have arisen from the content of
flavonoids, rosmarinic acid, and the benzodioxole.®® The anti-
oxidant effects of these compounds are up to 10 times stronger
than the effects of those of vitamins B and C.%*

Gaps of Study

Results of this study showed that most investigations on the
therapeutic activities of this plant have been carried out in in
vitro studies. Thus, more complementary studies in different
therapeutic effects of this plant are required in clinical trial
studies. Despite the studies on antioxidant activities, more pro-
found research on the toxicity and its teratogenicity should be
done. Besides, although there are different genus of this plant
that each one has its own chemical compounds, most of them
have common chemical compounds that trigger their antioxi-
dant properties. Thus, more studies are needed to diagnose new
chemical compounds in a safe dose on the untested genus of
this plant causing its antioxidant activity.

Conclusion and Further Suggestions

In this study, first traditional usages of Melissa officinalis and
second its antioxidant properties were reviewed in detail.
Regarding its traditional usage, antimicrobial activity (antipar-
asitic, antibacterial, antiviral, etc), antispasmodic, insomnia
properties were reported. Many studies confirmed the antiox-
idative effects of Melissa officinalis; thus, its effect in prevent-
ing and treating oxidative stress-related diseases might be
reliable. The results of numerous studies on antioxidant or
radical scavenging effects may be a basis for detailed in vivo
research on anti-inflammatory activities of this plant.

Further studies are needed to conduct clinical trials on
cancer to develop new anticancer drugs. Future research
should be focused on the relationship between the total anti-
oxidant capacity and the content, as well as composition of
antioxidants. Further studies are also required to study the
mechanism of antioxidant activity of phenolic compounds.
Such studies would provide a greater understanding of how
ROS scavenging and metal-binding antioxidant mechanisms
afford oxidative protection as well as facilitate improved anti-
oxidant design for the treatment and prevention of disease.
We should also investigate the interrelationship between phe-
nolic compounds and antioxidant/anticancer activity to illus-
trate possible mechanisms for cancer prevention and
treatment.

Side Effects

No side effects have so far been reported for the herb’® when
used topically or orally in recommended doses (up to 30 days)
in otherwise healthy adults and when consumed in amounts
found in foods. Lemon balm has been assigned Generally
Regarded as Safe (GRAS) status in the United States with a
maximum level of 0.5% in baked goods.

Possibly Unsafe

It was reported to be unsafe during pregnancy or lactation or
in pediatric patients, and when used in patients with thyroid
disorders or in combination with sedatives.'®
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