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ABSTRACT

Melissa officinalis is a plant growing and cultieatin some parts of Iran. The leaves of lemon bBnpfficinalis
L. (Lamiaceae) are used in Iranian folk medicine fheir digestive, carminative, antispasmodic, dada
analgesic, tonic and diuretic as well as for funoil gastrointestinal disorders. The aim of thisdst was to
overview its therapeutic effects than its nutritimed industrial effects. This review article wasred out by
searching studies in PubMed, Medline, Web of Seieand Iran Medex databases .The initial searcltstyy
identified about 128 references. In this stud¥3 studies was accepted for further screening and atiebur

inclusion criteria [in English, full text, therapéa effects of Melissa officinalis L and dated nhaifrom the year
1964 to 2015.The search terms were “Melissa offiilhn L.”, lemon balm, “therapeutic
properties”,“pharmacological effects”. It is commbnused for its anti-herpes and anti-viral and ahtiV,

antioxidant, antimicrobial, anticancer and anti-nbor, anti-stress and anti-anxiolytic and antidepsast, anti-
Alzheimer, anti-cardiovascular diseases, memoryravipg and concentration, anti-inflammatory effelttsvas
said to be good for insomnia and dyssomina. Melig8inalis |. is widely used for therapeutic ambn-
therapeutic purposes that trigger its significamlue. Various combinations and numerous medicinaperties of
its extract, oil, and leaves demand further ammterstudies about the other useful and unknown gnt@s of this
multipurpose plant.

Keywords. Melissa officinalis L., Phytochemicals, Therapeutic effects, Pharmagosg Alternative and
complementary medicine.

INTRODUCTION

Melissa officinalisL. also known as lemon balm, bee balm, honey bHIm§ a perennial herb[2] belonging to
Lamiaceae family[3, 4].it is native to southern &ue and northern Africa, Caucasus and northern [Banthe
Eastern Mediterranean region and Western Asia,edlsaw tropical countries [Brazil][6]. In Iran, thplant is known
locally by the names Badranjbooye, Varangboo amdrifiamoshk[7].

Historically lemon balm has been said to possesatse/tranquilizing, anti-gas, fever-reducing, ibatterial,
spasmolytic, hypotensive, memory-enhancing, meaktngucing, and thyroid-related effects [8-10]spalytic,
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nervous sedative[11], its oil has been reportedaagng antibacterial, antifungal, antiparasitid antispasmolytic
activities[12, 13]. It was used in the Iranian ftithal system of medicine for the treatment ofdeezhes, flatulence,
indigestion, colic, nausea, nervousness, anemitigee syncope, malaise, asthma, bronchitis, anrbear, cardiac
failure, arrhythmias, insomnia, epilepsy, deprassjusychosis, hysteria, ulcers and wounds[14]ag therapeutic
properties, such as sedative, carminative and pmsisodic properties; it was used for treatment eddache,
rheumatism, indigestion and hypersensitivities [15]

It was commonly used for its anti-angiogenic[16fiexidant[17-23] , antimicrobial[24, 25] , antioeer[26-30],
Antidysrhythmic[31] anti-stress and anti-anxiolyt[82-36],anti-herpes and anti-viral[37-45]anti- tom anti-
Alzheimer[11, 46-51], anti-diabetic [52],antidemant[53, 54] anti-cardiovascular diseases [54-56thory
improving [51, 58],anti-HIV[59],anti-inflammatory[d.It was said to be good for insomnia and dyssaf6it+63],
concentration [64], antihyperlipidemic activitiesdaeffects [65].

Chemical compounds

the main constituent of the lemon balm were shdwive hydroxycinnamic acid derivatives, particyladsmarinic
acid, caffeic acids, chlorogenic acid, and metalad[66-71] ,tannins[72-76], flavonoids, includihgeolin, luteolin
7-O-beta-D-glucopyranoside, apigenin 7-O-beta-Degpyranoside, and luteolin 3-0O-beta-D-
glucuronopyranoside[77-83], monoterpene glycosBs[ sesquiterpenes, including-caryophyllene and
germacrene[84]triterpenes[85]and volatile oils,luding citronellal, citral a (geranial), citral mdral), methyl
citronellate, ocimene, citronellol, geraniol, nefiskaryophyllenep-caryophyllene oxide, linalool, and ethric oil[79,
80, 86-90] .

The volatile oil comprises 0.5-0.1% of the plantvagight, and citronellal, geranial, and neral citatst about 50-
70% of this 0il[86]. Eugenyl glycoside has beerated from lemon balm leaves[91]. The chemical cositpn of
lemon balm tea yielded 10 mg/L of essential oil%74itral)and large amounts of polyphenol compoudzs|
Steam distillates of lemon balm callus cultureddgd dehydroabietane and another diterpene hydvonawith the
relative proportion of those two compounds varyingsiderably during cultivation passage[93].

The constituent of the essential oil of the plamtvarious climates is different, but citral(gerdnéead neral),
citronellal, geraniol are main components. Manyapsaters influencing essential oil composition aiedidy such as
light intensity, nutrient, temperature, culturabptice genotype, plant part age, harvesting time[Bde chemical
composition of the essential oil of the plant Ikag also been studied. The major compounds weuomeiltal, citral
and pB-caryophyllene. Citral is a mixture of two monotengs, geranial and neral. Due to its intense leartoma
and flavour, citral is used widely in foods and roesics[95].Also some flavonoids such as luteolin-7-
glucoside(0.0002%).The lemon balm extract contaihgdroxycinnamic acid derivatives and flavonoidsthwi
caffeic acid, m-coumaric acid,eriodictyol-7-O-gls@de, naringin, hesperidin, rosmarinic acid, nagimg,
hesperetin being identified[96].

M echanisms of action

Lemon balm has shown to possess high phenolicersband antioxidant properties[97].Lemon balm estgand
rosmarinic acid have both been demonstrated twyemjtioxidant properties in vitro[4, 66, 70], amdmarinic acid
and caffeic acid have demonstrated significantoaidant and immune modulating activities[70, 71;198)].
During linoleic acid autoxidation and its EDTA-matid oxidation, lemon balm showed antioxidant &gfii01].
Some other antioxidant activity of lemon balm hagrb shown as evidenced by the reduction of 1,lediyik2-
picrylhydrazyl(DPPH)[102]. Studies have demonstitateat the cytoprotective effect of lemon balm agts seen in
rats was partly due to [92]free-radical scavengingperties[77, 98] .Immunostimulation effects ofeanon balm
extract were also demonstrated[103]. Inhibitoryeef§ of rosmarinic acid from lemon balm on porgiecreatic
amylase were reported in vitro[104].

A novel pharmacological mechanism of action for #mxiolytic botanicaMelissa officinalisL. (lemon balm) is
reported. The methanol extract was identified pstant in vitro inhibitor of rat brain GABA transamase (GABA-
T), an enzyme target in the therapy of anxietylegsly and related neurological disorders. Bioaggagied
fractionation led to the identification and isotatiof rosmarinic acid [RA] and the triterpenoidssalic acid (UA)
and oleanolic acid (OA) as active principles. Polemical characterization of the crude extract rdateed RA as
the major compound responsible for activity (40%iliition at 100 microg/mL) since it represented rappmately
1.5% of the dry mass of the leaves. Synergistiect$fmay also play a role[105].
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Antiherpes and anti-HIV effect

the virucidal and antiviral effects Melissa officinalisL. extracts (M1, M3, M3 and M4) with respect
to Herpes simplex virus type 1 was investigated iandas demonstrated that there was no significahties of
inhibiting activity of M1, M2, and M3 on the saméus in vitro or in vivo. Caffeic, rosmarinic andrfilic acids
contribute to antiviral activity of M. officinalik. [44]. In an in vitro study, anti-herpes activitf Melissa officials
was investigated and it was suggested that thesbkebkxtract demonstrated a high virucidal actiagginst HSV-1,
even at very low concentrations of Lul§/ml. [41]. A hydroalcoholic extract of lemon baleaves was investigated
against the Herpes simplex virus type 2 (HSV-2gomparison with acyclovir. Lemon balm showed touthe
cytopathic effect of HSV-2 on Vero cells, in thega of non-toxic concentrations [38].

A specially prepared dried extract from Melissavesawas investigated in a double-blind study ared &htiviral
activity of this plant against herpes simplex itif@es was in vitro confirmed. Besides, the treatmeith this plant
was shown to be effective at very early stagethefinfection [43].A double-blind, placebo-contralle@andomized
trial was carried out with the aim of proving effcy of standardized balm mint cream for the therapy
of herpes simplex labialis. The tested formulatieneffective for the treatment of herpes simplekidhs[42].
Aqueous extracts from leaves of this plant werarérad for its inhibitory effect against immunodédiccy virus
type 1 (HIV-1) in a clinical trial study. Aqueousteacts from Lamiaceae was found to reduce theciivigy of
HIV-1 virions at non-cytotoxic concentrations radpidts mechanism of action seems to be its entraent of the
virion's density before its surface engagemerni [59

In an animal study, the antiviral effect of lemoalrh oil of Melissa officinalis on herpes simplex virus (HSV-
1)(HSV-2)was examined and it was suggested thalishéeoil affected the virus before adsorption, bat after
penetration into the host cell, thus lemon balm isilcapable of exerting a direct antiviral effest berpes
viruses[40].

Antioxidant effects

The leaf material of lemon balm was extracted aad ivestigated for potential in vitro antioxidgmbperties. It
was demonstrated that the lemon balm extract fasilility to scavenge both synthetic and natuies fradicals.
This is of significant importance as it indicateattthe extract may have the potential to preveidative damage
in vivo by preventing free radical-mediated oxigtatstress. Due to its iron (I1) chelating activitf/the extract, its
antioxidant potential was increased[96].

Lemon balm was analyzed to determine their antemdcctivity and content of total phenolics, L-a®to acid, and
carotenoids. The ability to scavenge the free @di®PH (2,2-diphenyl-1-picrylhydrazyl) was veryhiin almost
all tested samples[106].

In an animal study, the efficacy of agueous extoadlielissa officinalisvas investigated in decreasing manganism -
induced brain oxidative stress in mice. The resu#ts indicated that M. officinalis aqueous extraassesses potent
antioxidative and neuroprotective properties, \atlit its efficacy in attenuating Mn-induced oxigatstress in the
mouse brain[107]. Antioxidant activity of this ptawas examined in lots of other studies and wadirned [20,
108].

Anti- Alzheimer and Neur oprotective Effects

The efficacy of Melissa aromatherapy in the treatimef patients with Alzheimer's disease was assdssa
blinded randomized controlled trial comparing itttwidonepezil. It was shown that there is no evidetiat
Melissa aromatherapy has priority to donepezil hiis tcase. Nonetheless, the remarkable improvemenhé
placebo group emphasizes the potential non-spdmfiefits of this plant in the treatment of theatemts.[109]

In another study, the acute effects on cognition amood of a standardized extract of M. officinalis&s
investigated. It was demonstrated that utilizing ttognitive factors previously derived from the CDhRttery,
included a sustained improvement in Accuracy ofeAtibn following 600 mg of Melissa and time- andselo
specific reductions in both Secondary Memory andkivig Memory factors. Self-rated "calmness," asased by
Bond-Lader mood scales, was elevated at the datliree points by the lowest dose, whilst "alertfiessas
significantly reduced at all-time points followinthe highest dose. Both nicotinic and muscarinicdinig were
found to be low in comparison to the levels foumgbievious studies.[36].
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The efficacy and safety dflelissa officinalisextract using a fixed dose (60 drops/day) in pdgievith mild to
moderate Alzheimer's disease were examined. At fioomths Melissa officinalisextract produced a significantly
better outcome on cognitive function than placéiere were no significant differences in the twougps in terms
of observed side effects except agitation, whicls were common in the placebo group [p = 0.03].thtussas
concluded thaMelissa officinalisextract is of value in the management of mild wderate Alzheimer's disease and
has a positive effect on agitation in such patj@ig].

In another study, cholinergic antagonists were nad for their amnesic and dementia-inducing prigerof
Melissa were examined[11The extract oMelissa officinalishave been studied on the amelioration of Alziethme
symptoms. The mechanisms involved in this ameiionabf this disease including acetylcholinesterASH(E)
inhibition, modification of monoamines, antiamyloaggregation effect, and antioxidant activity wetenmarized

in a study and the anti- Alzheimer effect of Medissas confirmed[48]Melissa officinalis extracts have been
demonstrated to be useful for dementia, both alooe in combination[34]. The possible
neuroprotective effects of total ethanolic extracidic and nonacidic fraction Melissa officinalison AB-induced
cytotoxicity and oxidative stress in PC12 cells avassessed and also their in-vitro anticholinestéeaativity were
measured.

Theprotective effects dflelissa  officinalistotal extract and acidic fraction were not atttdsli to their
anticholinesterase activity. Acidic fraction showetbre potent protective effect compared to thd mtaact,
leading to the fact that polyphenolic compounds gewbenoic acids were the most effective componémts
the total extract concentrated in this fraction[E@fect of Melissa officinalison hypoxia induced neuronal death in a
cortical neuronal culture system as in vitro modeld transient hippocampal ischemia as in vivo mosas
investigated. Results showed thglissa officinaliscould be considered as a protective agent in wario
neurological diseases associated with ischemimlim@iry[47].The neuroprotective effects bfelissa officinalis
was investigated against neuron toxicity in hippopal primary culture induced by 3,4-
methylenedioxymethamphetamine (MDMA) or ecstasyhigh dose of ecstasy caused profound mitochondrial
dysfunction, around 40% less than the control vadunel increased apoptotic neuronal death to ar@%846 more
than the control value in hippocampal neuronaluralt Co-treatment witMelissa officinalissignificantly reversed
these damages to around 15% and 20% respectivahyedfIDMA alone group, and provided protection agai
MDMA-induced mitochondrial dysfunction and apoptosin neurons. Melissa officinalis has revealed
neuroprotective effects against apoptosis indugebMA in the primary neurons of hippocampal cuéiuwhich
could be due to its free radical scavenging prégerand monoamine oxidase (MAO) inhibitory effe¢®§[Both
methanolic and aqueous extracts of this plant wested for protective effects on the PC12 cell,liinee radical
scavenging properties and neurological activitielse results suggest that the plant has a signtfi@n< 0.05)
protective effect on hydrogen peroxide induced ditxi in PC12 cells. No activity was detected in the
acetylcholinesterase and GABA assays. The mettmexiiact was more effective than the aqueous [11].

Anti-depression and anti-anxiety
The antidepressant-like activity of water extratthis plant was investigated by evaluating itduahce on the
behaviors and the relevant neurotransmitters efpratformed to force swimming test[53].

The behavioral effects of an acute or subacutdyoaalministeredM.officinal is ethanol extract were evaluated in
male and female Wistar rats in elevated plus-mireed swimming and open field tests. The effetdiazepam
and fluoxetine were also assessed. The potenti@hpsactive properties of M. officinalis may provideunique
pharmacological alternative for certain psychiattisorders; however, the efficacy seems to be digreron both
gender and administration length[54].

Ina double blind randomized placebo-controlled ichh trial, the efficacy and safety of the driedtrext of
M. officinalis was evaluated on adults sufferingrfr benign palpitations. Results showed that 14afayeatment
with lyophilized aqueous extract of M. officinalsaves reduced frequency of palpitation episoddssanificantly
reduced the number of anxious patients in compartsothe placebo. Besides, M. officinalis extrasbwed no
serious side effects.it can be concluded that Lifizeldl aqueous extract of M. officinalis leaves nizy a proper
and safe herbal drug for the treatment of benidpitaéions [55].

Chronic administration dflelissa officinalisL.. was shown to relieve stress-related effectd.if83ddition, in
another study, the effects of chronic administratiof Melissa officinalisL. extract (Cyracos, Naturex)was
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investigated and it was show that Cyracos has aniddike effects under moderate stress conditiand does not
alter activity levels[112]

Melissa officinalis(lemon balm) and Valeriana officinalis (valeriaaye been illustrated to decrease laboratory
induced stress. These results suggest that a catidrinofMelissa officinalisand Valeriana officinalispossesses
anxiolytic properties in a dose-dependent manrmrever, it needs further study[113].

Anti-agitation

Melissa officinaliswas shown to inhibit binding of t-butylbicyclophgi®rothionate to the rat forebrain gamma-
aminobutyric acid receptor channel, but had noctfi@ N-methyl-D-aspartate, alpha-amino-3-hydroxyéthyl-4-
isoxazolepropianate or nicotinic acetylcholine moes. Thus, MO cause a significant dose-dependghiction in
both inhibitory and excitatory transmission, withet depressant effect on neurotransmission that éentrast to
the classical GABA antagonist picrotoxinin whicltoked profound epileptiform burst firing in thesdl€eThe anti-
agitation effects in patients and the depressdattsfof MO in in-vitro we report in neural membearare unlikely
to reflect a sedative interaction with any of theatropic receptors[114].

It was suggested that leavesMdélissa officinalisL. increases cell proliferation, neuroblast diffetiation and
integration into granule cells by decreasing seconicosterone levels as well as by increasing GABA&Is in the
mouse DG [30].

Antimicrobial and antifungal

The essential oil obtained from leavedM#lissa officinalis.. was investigated for its in vitro antimicrobgdtivity.
The results showed that the essential oil presemigtd antimicrobial activity against all microorgams targeted
mainly against five human pathogenic bacteria, ygastCandida albicansand two phytopathogenic fungi tested.
[115].in addition, antimicrobial dflelissa officinalisessential oil was investigated and it was shovat the most
effective antibacterial activity was expressed omaltiresistant strain of Shigellasonei. A sigrdiit rate of
antifungal activity was exhibited on Trichophytopesies [25].besides, the antimicrobial propertiesssential oil
from romaniarMelissa officinaliswere assayed and it was shown a high activityrsgaCandida albicans. The
gram-negative bacteria were not affected by theoterdnalm oil [24].furthermore, antimicrobial actieis of the
extracts and rosmarinic acid of this plant werdatgd and were confirmed [116].

Insomnia

Efficacy and tolerability of a combined valeriamien balm preparation were investigated in an opasiticenter
study in childrenless than 12 years suffering frestlessness and nervous dyskoimesis. Euvegaé fort
was effective in the treatment of younger childreith restlessness and dyssomnia and it was very toldrated
[62].For the first time, it has been shown thatoctic administration oMelissa officinalisL. relieves stress-related
effects. It is essential that more studies incaf®a placebo and investigate physiological stremkers[33].

Anticancer

The antiproliferative and proapoptotic effects tifamolic leaves extract dflelissa officinaliswere investigated in
human coloncarcinoma cells.it found that Melisséficinalis extract inhibits the proliferationof colon
carcinoma cells and induces apoptosis throughdtom of ROS[29].the selective anticancer effectsan MO
extract (MOE)was investigated in different humanaea cells. Results indicated that a hydro-alcahehtract of
MO possess a high potency to inhibit proliferatodrdifferent tumor cells in a dose independent neansuggesting
that an optimal biological dose is more importdrdgnt a maximally tolerated one. Moreover, the aalifarative
effect of MO seems to be tumor type specific, agriome dependent cancers were more sensitive ttuuatial
effects of MOE[117].the activity of the M. officitia essential oil (EO) and its major componentrétjtin GBM
cell lines was examined . Both EO and citral desedathe viability and induced apoptosis of GBM salk
demonstrated by DNA fragmentation and caspase-®a#ion. the results show that EO, through its majo
component, citral, may be of potential interest floe treatment of GBM[28].it also was suggested MOE
increases cell proliferation, neuroblast differatitin  and integration into granule cells by
decreasing serumcorticosterone levels as well asdogasing GABA levels in the mouse DG[30].

Anti-inflammatory
The effect of the essential oil of the leaves o fhlant was investigated for anti-inflammatory peaties by using
carrageenan and experimental trauma-induced himd g@ema in rats. M. officinalis L. essential oilosked
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remarkable reduction and inhibition of edema indulog carrageenan athgat 200 and 40@g/kg with 91.66% and
94.44%, respectively (P < 0.001). thus, it can tectuded that the essential oil of M. officinalis thad potential
anti-inflammatory activities [60].

Cardiovascular disease

In a double blind randomized placebo-controlled chhitial, the efficacy and safety of the dried extrof M.
officinalis on adults suffering from benign palpitans was evaluated. Fifty-five volunteers out @frécruited study
subjects completed the trial. Results showed tHatdy of treatment with lyophilized aqueous extrattM.
officinalis leaves reduced frequency of palpitategisodes and significantly reduced the numbengifoais patients
in comparison to the placebo .thus, it can be gafetd for the treatment of benign palpitationd.f68 influence of
Melissa officinalison cardiac conduction and susceptibility to letnahtricular arrhythmia was assessed and it was
shown that M. officinalis extract has a mild prokeeteffect against reperfusion-induced lethal Jentar
arrhythmias in rats[118].The effects of aqueousaextofM. officinalisaerial parts on Wistar rat heart with/without
cardiac injury was examined and it was concludhed the lower dose of extract, by improving theabak of the
redox system and by reducing the heart rate, magase the heart resistance to injury. Howeverhitleer doses
of extract may intensify the injury of ischemic hav7].

Memory and concentration improving

The role of cholinergic system on the memory imjrgvactivity of M. officinalis extract was investited. These
results suggest that M. officinalis can improve memand that the cholinergic property of the extraway
contribute to the memory-improving effects observedthis study. Then M. officinalis extract has guatial
therapeutic value in alleviating certain memory ainment observed in AD[58].

In a clinical trial, it was examined that whethegatment with a fixed combination of Valeria and ligk|a may
improve concentration, hyperactivity and impulsiges. The fraction of children having strong/veryorsg
symptoms of poor ability to focus decreased frofo 6 14%, hyperactivity from 61% to 13%, and impeégaess
from 59% to 22%. Parent rated social behavior, sleed symptom burden showed highly significant
improvements. Only in two children ,mild transi@aiverse drug reactions were observed[64].

Side effects:

no side effects have so far been reported for énle 119] When used topically or orally in recommed doses [up
to 30 days] in otherwise healthy adults and whensumed in amounts found in foods. Lemon balm ha be
assigned Generally Regarded as Safe (GRAS) statine iUnited States with a maximum level of 0.5%aked
goods.

« Possibly Unsafe: During pregnancy or lactatiorinopediatric patients, and when used in patisvite thyroid
disorders or in combination with sedatives (thaéoad}{120].

CONCLUSION

Melissa officinalisl. is widely used for therapeutic and non-theraijgepurposes that trigger its significant value.
Various combinations and numerous medicinal progerf its extract, oil, and leaves demand furtred more
studies about the other useful and unknown prageedf this multipurpose plant.
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