




Therapeutic potential of Melissa officinalis as medicinal herb: A review


Abstract
A plant with many biologically active components, Melissa officinalis is used for its therapeutic properties all over the world in the prevention of numerous diseases. It is also frequently used as a vegetable and to enhance food flavors. According to chemical analysis, its primary constituents are flavonoids, terpenoids, phenolic acids, tannins, and essential oil. Triterpenes (ursolic acid and oleanolic acid), phenolic acids (rosmarinic acid, caffeic acid, and chlorogenic acid), flavonoids (quercetin, rhamnocitrin, and luteolin), and volatile chemicals (geranial, neral, citronellal, and geraniol) are the most important constituents of Melissa officinalis. The biological researches indicate that Melissa officinalis essential oil and extracts include active components that determine a variety of pharmacological actions with potential medical applications. This review sought to summarize Melissa officinal's botanical traits, traditional uses, phytochemicals, and its pharmacological actions which indicate the effective use of Melissa officinalis as an alternate treatment option for combating numerous disorders due to the presence of vast amount of phytochemical constituents contributing to its various therapeutic potential.
Keywords: Melissa officinalis, phytochemicals, hypolipidemic, vasorelaxant, analgesic, hypnotic.
1. Introduction
The use of nutritional plants and herbal preparations as alternatives to medications has attracted substantial attention worldwide. For many disorders that may be cured, traditional medications were utilized by 80% of the population in developing nations (1). The use of medicinal plants in clinical research and investigations has lately increased due to their lower risk of side effects and accessibility (2).Based on that experience, employing natural treatments can be a significant method for reducing cardio-metabolic problems.
Melissa officinalis (MO), also called lemon balm, is a perennial herbaceous plant that consists of a variety of potent phytochemicals, including flavanols, phenolic acids, and triterpenes.MO belongs to the plant family Lamiaceae (mint), which includes the genus Melissa L. (3).Though native to southern Europe, Central Asia, and western Asia, especially the region of the Mediterranean, M. officinalis was indigenous to numerous regions of US (United States), including the Midwestern, Eastern, and Pacific North-west states(4). Although lemon balm has been observed to flourish on moist wastelands at altitudes from sea level to mountains, it naturally grows over sandy and scrubby environments. (5).
Since ancient times, Melissa officinalis (MO) has been used as a traditional medicine in Asia for treating various ailments, including rheumatism, gastrointestinal issues, and neurological diseases (6,7). Due to its pleasant odor, MO is commonly used in aromatherapy and the food industry. Extracts of Melissa officinalis leaves may aid in the treatment and prevention of dyslipidemia and perhaps the following atherosclerotic processes because of its strong anti-oxidant activity (8).
Plants rich in polyphenols are healthy dietary supplements that benefit blood sugar and cholesterol levels in particular (9).

1.1	Significance
Because of its many health benefits and support for a natural, sustainable approach to healthcare, Melissa officinalis has enormous medicinal potential. As research progresses, its incorporation into contemporary medicine may broaden, providing safer and easier ways to treat a range of ailments. The plant is a mainstay of herbal therapy with prospective uses in the future of healthcare because of its safety and adaptability.

1.2	Purpose of study
The review aims to analyze and assess the present and potential roles of Melissa officinalis (MO) in the fields of medicine and clinical sciences. It explores how M.officinalis can augment medical practice, research, and patient care. The scope of the review encompasses a broad range of areas, including treatment and therapeutics, and utilization of variety of constituents responsible for numerous pharmacological activities.
[image: ]Figure 1: Photo of Melissa officinalis

2.	Botanical Description
Common names for the perennial aromatic herb Melissa officinalis include lemon balm, honey balm, and bee balm (the Greek word "Melissa" means honeybee). Lemon balm grows well in the summer season. White or pinkish-white flowers appear in the summer, while the hairy root structure has numerous lateral roots. The stem of Melissa officinalis is quadrilateral or square in shape and can reach a height of 0.5 to 1.5 meters which is a typical characteristic of Lamiacea members. The green, ovate to cordate leaves of MO are arranged in decussate pairs, and they taste and smell like lemons (10) (figure 1).

2.1	Taxonomy of Lemon balm (11)
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3.	Chemical constituent of lemon balm
The primary components of M. officinalis, as determined by chemical investigations, include flavonoids, terpenoids, tannins, essential oils, and phenolic acids. (12). Flavonoids (rhamnocitrin, luteolin &quercitin), phenolic compounds (caffeic, protocatechuic, and rosamarinic acid), volatile chemicals (geranial, geraniol, citronellal, and neral)&triterpenes (oleanolic and ursolic acid), are the main active components in Melissa officinalis (3.13). Although polyphenols are also involved, the essential oil of MO is typically thought for the majority of biological actions as the prime therapeutic agent.
The essential oil of M. officinalis smells fresh like lemon and has a pale yellow tint. It is obtained from the plant's dried or fresh leaves, flowers, and branches using a chemical process or steam distillation. (14).

3.1.	Volatile Components of Melissa officinalis
Numerous studies that observed the composition of MO essential oil assert that its main constituents are volatile substances like sesquiterpenes citrals (neral & geranial responsible for strong citrus fragrance) and monoterpenes, citronellal, thymol, geraniol, and β-caryophyllene of different concentrations (15).
Since Melissa officinalis is a member of the family Lamiaceae of plants, produces some amount of volatile oil from its leaves, which is valued for its medicinal qualities.

Table 1. List of volatile compounds and their percentage composition in the essential oil of Melissa officinalis plants (16).

	[bookmark: _Hlk166990317]Volatile Compounds 
	Amount (%) 

	Geranial (CitralA) 
	 51.21 

	Caryophyllene oxide 
	43.55 

	Beta-Caryophyllene 
	 29.14 

	Neral (CitralB) 
	 35.02 

	Citronellal 
	 20.3 

	Geranyl acetate 
	19.3 

	Alpha-capaene
	7.02 

	(E)-Caryphyllene
	6.8 

	Alpha-cardinol
	 5.64 



The method used to produce the essential oil, the conditions required for distillation, the type of plant used, the region's climate, and the MO's level of maturity all affect the existence of different elements and their proportion (15). However more than 20 different components were found in the two sets of natural oils that were produced through hydraulic distillation from M. officinalis cultivated in Iran and Turkey, but the number of major constituents (citral, citronellal, beta-caryophyllenes) was almost similar (17).

3.2.	Triterpenes
There are more than 20,000 different types of triterpenes, they belong to one of the largest categories of naturally occurring plant compounds and are nonvolatile constituents found in plants. (18).Ursolic acid (3577 – 11234.97µg/g) and oleanolic acids (915.03-6151.67µg/g) are the primary triterpenoid chemicals identified in M. officinalis, although the ethanolic extract of the lemon balm leaves also included one sulfated oleanane, two sulfated ursane type and one oleanane-triterpene (19). Triterpenes connected to the carbohydrate chain and having sulfate chains within their composition are known for stronger biological activity than those attached to an aglycone group (20).

3.3.	Polyphenolic Components
Flavonoids (such as anthocyanins, flavones, isoflavones, rhamnocitrin, luteolin, and quercitrin) and phenolic substances (like protocatechuic, rosamarinic & caffeic acid), a class of secondary metabolites with a variety of biological activities, are included in polyphenolic substances (21). Due to the recognized antioxidant activity of these compounds, high concentrations of phenolic content are the main source of lemon balm's medicinal properties. To acquire the proper amount of phenol and, hence, accomplish the phenolic content as well. therapeutic goals, it is imperative to optimize the processing conditions. The origin of the plant affects the phenolic content as well.  Rosmarinic, gallic, and chlorogenic acids are more abundant in boiling water extract of M. officinals leaves from Bosnia than from Turkey, but cinnamic acid is more abundant in Turkish-origin MO plants (22).
Although Melissa officinalis is a plant with a high concentration of polyphenolic chemicals, the composition of the extracts might vary depending on the extraction technique and solvent being used, which has a significant impact on biological activities (16).

Table 2. List of major polyphenolic compounds extracted from Melissa officinalis plants (23).
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	Components 
	Amount(µg/gm) 

	Flavonoids
	Rutin
	1462.99

	
	Cynaroside
	408.13

	
	Isoquercetin
	162.40

	
	Quercetin
	153.46

	
	Apigenin
	84.53

	Phenolic acids
	Rosmarinic acid
	86637.60

	
	Caffeic acid
	860.72

	
	Caftaric acid
	344.34

	
	Chlorogenic acid
	75.529

	
	Gentisic acid
	60.48


	
4.	Pharmacological properties of Melissa officinalis
4.1.	Neuroprotective effect
The positive impacts of Melissa officinalis neurological diseases are believed to be caused by the herb's substantial concentrations of rosmarinic, oleanolic, ursolic, and triterpenoids, which block GABA transport action and elevate levels of this neurotransmitter in the brain (24).
The potential anti-Alzheimer benefits of MO plants are based on their ability to inhibit the Alzheimer’s disease-related enzymes beta-secretase, casein kinase 1δ, and the enzyme glycogen synthase kinase 3β (25). It has also been found that using MO extract reduces muscle tone in individuals with Alzheimer's disease (26).
By inhibiting HIF-1 alpha & oxidative stress, following apoptosis, Melissa officinalis has demonstrated a protective effect against ischemia damage. These findings suggest that Melissa officinalis or its components may be used as a possible treatment for conditions affecting the central nervous system as well as a neuroprotective drug to prevent diseases related to oxidative stress(27).

4.2.	Anti Inflammatory effect
As per research, MO essential oil has a strong anti-inflammation property, possibly due to inflammatory disease mediators release inhibition. Prostaglandin and cytokine levels were also decreased by serotonin and histamine (28).
According to published studies, the anti-nociceptive &anti inflammatory action of Melissa officinalis extract is attributed to flavonoids and terpenoids, specifically rosmarinic acid (RA). Melissa officinalis (MO) compounds inhibit the cyclooxygenase enzyme, which decreases the production of prostaglandins and inflammatory cytokines in response to inflammatory stimuli, as well as the monoamine oxidase enzyme, which prevents catecholamine degradation(29).The flavonoids quercetin, luteolin, and apigenin, phenolic components of MO with immune-modulating activities can decrease inflammation and may prevent cardiac tissue remodeling in animal models of myocarditis (30.31).By reducing the synthesis of inflammatory cytokines in CVB3-infected cells, luteolin was found to be useful in treating myocarditis caused by the coxsackievirus B3 (31).

4.3.	Cardioprotective effect
Joukar and Asadipour (2015) examined the pharmacological impact of MO on ventricular arrhythmias in rats. Findings from the research exhibited aqueous MO extract works through a variety of mechanisms and have a milder antiarrhythmic impact than the common antiarrhythmic drug Amiodarone(32).
Ethanolic extract of MO was shown to exhibit cardioprotective action against myocardial infarction and coronary heart damage after 5 days of reperfusion in an invivo rat model of localized coronary heart ischemia. Due to its antioxidant characteristics, which may result from the scavenging of free radicals, cinnamic acid is thought to be responsible for cardioprotective and antiarrhythmic effects in M. officinalis extract (33).
Antiarrhythmic effects of ethanolic MO extract have also been investigated in the CaCl2 induced rat model by Akhondalietal. (2015). The study showed a decreased prevalence of ventricular arrhythmias at a dose of 200mg/kg of MO extract (34). Ameliorating effects of MO have been seen against (Doxorubicin) DOX-induced cardiovascular damage in rats that occurs due to a decrease in oxidative stress, inflammatory process, and apoptosis in rat hearts. The positive effects of the MO extract could be due to the synergistic associations between phenolic chemicals and other triterpene groups in MO (35).

4.4.	Hypolipidemic effects
In the rat model of hyperlipidemia caused by a high-sugar, high-fat diet, MO extract considerably decreases plasma levels of total lipids and cholesterol. The hypolipidemic effects of M. officinalis extract may be attributed to the synergistic impact of the substances in MO, such as rosmarinic, ursolic, and oleanolic acids on blood lipid levels (36.37).
Hypolipidemic effects of Melissa officinalis extract were observed when administered 1000 mg, a recommended dose (TID) for 2 months in patients with hyperlipidemia (38). In individuals with type 2 diabetes, Mellissa officinalis (MO) safely and effectively lowers lipoprotein levels, Apo B/Apo A-I &Apo A-I, which are important indicators of risk for CVD (cardiovascular disease) (39).
Evaluation of medicinal lemon balm for use in stable angina showed a greater percentage of cardiac ejection, reduced plasma lactate-dehydrogenase levels, increased NO (nitric oxide) levels, & lower diastolic as well as systolic blood pressure compared to the control group, also preventing the deposition of fats resulting in arteriolar dilatation (40).

4.5.	Vasorelaxant effect
According to the research, the study showed that the nitric oxide pathway potentially with the prostacyclin and endothelium-derived hyperpolarizing factor (EDHF) pathways is the physiological process by which the aqueous extract of MO dilates blood arteries (41).

4.6.	Anti-depressant effect
Different dosages of 300,100 & 30mg/kg ethanolic MO extract were given orally to Wistar rats over the course of ten days to evaluate the animals' behavior in elevated plus-maze, open field tests, and forced swimming. Antidepressant effect of MO ethanolic extract was quite pronounced in rats rather than in those treated with diazepam (42). Additionally, it was reported that the ant-depressive actions of lemon balm can be carried out by modulating the 5-HT cycle in the regions of the brain involving serotonin in the transmission of nerve impulses (43).

4.7.	Anxiolytic effect
Literature review showed an antianxiety effect of MO depends on the administered dose, and the bioactive compounds involved pentacyclic triterpenes, oleanolic,ursolic, &rosmarinic acid(44).The primary constituent of the Melissa officinalis plant, Rosmarinic acid has been associated with many Gama Aminobutyric Acid Transaminase (GABAT) inhibitory therapeutic activities. M. officinalis and P. caeruleawere administered in vivo, and it was shown that the synergistic interaction had anxiolytic effects by lowering corticosterone levels (a physiological stress mediator) (45.46).

4.8.	Hypnotic effect
In a previous study, a combination of Melissa officinalis and Valerianaofficinalis has shown a positive effect on sleep disturbances among women going through menopause (47).
MO extract (400, 800 mg/kg) is found to be beneficial while considerably decreasing the time needed to fall asleep and increasing the amount of time spent sleeping in a mouse-based investigation. Additionally, was demonstrated the combination of lavender extract (Lavandula angustifolia) and M. officinalis extract had a synergistic impact on the duration required to fall asleep and stay asleep which could be important in treating insomnia (48).

4.9.	Antispasmodic effect
Rosmarinic acid, an active constituent of Melissa officinalis appears to have antinociceptive ability. The effectiveness of Melissa officinalis in treating infantile colic has been evaluated and found to have positive effects (49).
Research suggests that in rats with irritable bowel syndrome, hydro-alcoholic lemon balm extract may be able to lessen visceral hypersensitivity (50). In addition, a single dosage of 150, 300, and 450 mg/kg of methanolic MO leaf extract helps treat rat stomach ulcers. The suggested strategy was to decrease the production of malondialdehyde, minimize lipid peroxidation in cell membranes, and increase the functions of superoxide dismutase and glutathione peroxidase (51).

4.10.	Anti-tumor effect
Magalhes et al. (2018) investigated the antitumor properties of this natural herb on lung cancer stem cells using a comparative investigation of five distinct M. officinalisextracts (52).Rosmaricinic acid, which has great penetration ability, is found in the MO ethanolic extract, which shows a suppressive effect on the proliferation of malignant cells. These primary results of the study further validate lemon balm as a reservoir of potentially anticancer bioactive compounds.
In human colon carcinoma cells, the ethanolic leaf extract of Melissa officinalis was tested for its antiproliferative and proapoptotic properties. It has been found that Melissa officinalis extract prevents cells of colon cancer from proliferating and triggers apoptosis through ROS (reactive oxygen species) production (53).

4.11.	Antimicrobial effect
In vitro testing showed that Gram-negative& Gram-positive bacteria, fungi, and yeasts were all inhibited in growth by an essential oil isolated from leaves of Melissa officinalis (54).

4.12.	Anti-fungal effect
Good to moderate anti-fungal MO extract activity and other species of the Lamiaceae family have been reported (55).
Essential oil from lemon balm is the potential anti-fungal agent against Bcinera, Pexpansum, and Rstolonifer as this kind of essential oil is biodegradable and has no lasting effects on the environment (56).

4.13.	Anti-viral effect
In vitro, testing conducted by Astani Aet al. (2018) demonstrated the antiviral properties of rosamarinic acid and aqueous extract of lemon balm leaves by inhibiting the attachment of herpes simplex virus-type 1 (HSV-1) in the host and the entry of cells as well (57). In addition, it has been observed that concentrated methanolic lemon balm leaf extract has an inhibitory impact on enterovirus 71 (EV71) (58).

4.14.	Anti-thyroid effect
Aqueous extracts of M. officinalis leaves have an antithyroid action, according to in vitro studies. Iodothyronine deiodinase from rat’s liver microsome was used to observe the conversion of T4 to T3, depending on the dosage. Caffeic, rosmarinic, and chlorogenic acids present in MO extract are responsible for the effects (59).

4.15.	Analgesic effect
The study has shown that giving hydroalcoholic extract of Melissa officinalis intrathecally might substantially reduce the discomfort that male Wister rats experienced after being exposed to hot water and formalin (60).

5.	Conclusion:
This review has enlightened the beneficial effects of Melissa officinalis in treating a variety of abnormal conditions thus providing possible evidence that Melissa officinalis could be used as an alternate treatment option for combating numerous disorders due to the presence of vast amount of phytochemical constituents contributing to its various therapeutic potential.

6.	Future Prospects:
Further experimental and clinical studies could be designed in the future to explore other potential molecular pathways involved in disease pathogenesis that could be the future therapeutic approach in the treatment and prevention of cardiometabolic diseases. 
It is also recommended that the toxicity profile of Melissa officinalis be investigated at various doses before moving on to clinical testing. 
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