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ABSTRACT

Aegle marmelos is widely used by the traditional healers for treatments
of wvarious diseases like diarrhea, dysentery, diabetes, ulcer,
inflammation etc. The variety of secondary metabolites are present in
this plant which impart its medicinal uses. Further number of active
constiuetns has been isolated from the Aegle marmelos. Present review
focused on traditional uses, phytochemistry, pharmacology and

toxicology of Aegle marmelos to support potential scope for advance

Institute, Hoshangabad
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ethnopharmacological study. The extract of Aegle marmelos is
reported to have numerous significant pharmacological activities like
antihyperglycemic, anti-inflammatory, antipyretic, analgesic,
anticonvulsant, antihistaminic, anxiolytic, antidepressant, antioxidant, hepatoprotective,
antimicrobial, analgesic, antifungal, neuroprotective etc evaluated by using various animal
models. The present study summaries selected scientific evidence on phytochemistry,
pharmacological properties and ethnomedicinal uses of Aegle marmelos. The data was
gathered via the Internet (using Scopus, PubMed, Google Scholar, Elsevier, Springer, Science
Direct, Researchgate and Web of Science) as well as from libraries and local books. The aim
of the current review article is to compile all the relevant published information regarding
traditional uses, phytochemistry and therapeutic potential of Aegle marmelos.
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INTRODUCTION
Medicinal plants are considered as a rich resources of ingredients which can be used in drug
development either Pharmacopoeial, non-pharmacopoeial or synthetic drugs. A part from

that, these plants play a critical role in the development of human cultures around the whole
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world. Moreover, some plants are considered as important source of nutrition and as a result
of that they are recommended for their therapeutic values. Some of these plants include
ginger, green tea, walnuts, Aloe, pepper and turmeric etc. Some plants and their derivatives
are considered as important source for active ingredients which are used in aspirin and

toothpaste etc.

Medicinal plants and their components possess a range of beneficial preventive properties.
They show many promising effects for various health problems, such as colds, coughs, throat
irritations, stomachache, indigestion, and gastrointestinal diseases, and have also positive
protecting activities such as spasmolytic, sedative, antiviral, anti-inflammatory, antiseptic,
hepatoprotective, antihyperglycemic, and immunostimulating.™™

Traditional systems of medicine continue to be widely practiced on many accounts.
Population rise, inadequate supply of drugs, prohibitive cost of treatments, side effects of
several synthetic drugs and development of resistance to currently used drugs for infectious
diseases have led to increased emphasis on the use of plant materials as a source of medicines

for a wide variety of human ailments.

Recently, WHO (World Health Organization) estimated that 80 percent of people worldwide
rely on herbal medicines for some aspect of their primary health care needs. According to
WHO, around 21,000 plant species have the potential for being used as medicinal plants.

As per data available over three-quarters of the world population relies mainly on plants and
plant extracts for their health care needs. More than 30% of the entire plant species, at one
time or other were used for medicinal purposes. It has been estimated, that in developed
countries such as United States, plant drugs constitute as much as 25% of the total drugs,
while in fast developing countries such as India and China, the contribution is as much as
80%. Thus, the economic importance of medicinal plants is much more to countries such as
India than to rest of the world.” Presently the uses of natural products for the treatment of
various diseases has been increased in globe. The review paper highlighted the

phytochemistry, pharmacology and ethnomedicinal properties of Aegle marmelos.

Aegle marmelos
Aegle marmelos, commonly known as Bael or wooden apple belongs to the Rutaceae family.

The leaves of Aegle marmelos are offered to Lord Shiva, whose worship cannot be completed
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without the leaves of this tree.®! All parts of this tree, viz. root, leaf, trunk, fruit and seed are
useful in several ailments. It has been used in Ethno-medicine to exploits its medicinal
properties including antidiarroheal, antidysentric, antipyretic and anti inflammatory activities.
Compounds purified from bael fruit have been proven to have biological potential against
several diseases like diabetes, gastric ulcer and hyperlipidaemia. It should also be indicated
that the therapeutic activities of few isolated constituents have also proven to possess

antibacterial, antiviral, antioxidant and radioprotective activities.[

Phytochemistry of Aegle marmelos

Various chemical constituents like alkaloids, coumarins (marmelosin, marmesin, marmin,
imperatorin, scopoletin), steroids, polysaccharides, phenylpropenoids, tannins, flavonoids,
carotenoids, saponin, etc have been isolated from various parts of tree such as leaves, fruits,

wood, root and bark.

The leaves contain y-sitosterol, aegelin, skimmianine (tannin), lupeol, rutin, marmesinin, [3-
sitosterol, flavone, glycoside, Limonene and phenylethyl cinnamamides. Fresh leaves contain
alkaloid Shahidine, halfordino, ethylcinnamamide and marmeline.®! Recently, series of
phenylethyl cinnamides (anhydromarmeline, aegelinosides A and B), were isolated from
Aegle marmelos leaves which are a-glucosidase inhibitors. Rutin flavon, flavon glycosides
and flavon-3-ols are the major flavonoids of A. marmelos leaves. a-Phellandrene (Terpenoid)

was found to be the common constituent of leaves, twigs and fruits.

The fruits comprise tannin (skimmianine also known as 4, 7, 8-trimethoxyfuro-quinoline),
phenylpropanoids (hydroxycoumarins, phenylpropenes and lignans), Aegeline, Marmelosin,
luvangetin, Aurapten, Psoralen, Marmelide, p-cymene.®!

The seed oil incorporate palmitic, Stearic, oleic, linoleic and linolenic acid. Some of minerals,
viz. phosphorus, potassium, calcium, magnesium and iron. The roots of the tree have also
been found to contain psoralen, xathotoxinscoploletin, tembamide, containpsoralen,
xathotoxinscoploletin and tembamide.!"®! The bark exhibited the presence of Marmin,
Skimmiamine Mature, Fagarine.!®! The structure of some isolated compounds are displayed in
Fig 1.
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Pharmacological activities of Aegle marmelos

Aegle marmelos is a medicinal plant and researchers scientifically documented the extract of
various parts of plant demonstrated the different pharmacological activities such as
Antihyperglycemic,  Anti-inflammatory, antipyretic, analgesic,  Anticonvulsant,
Antihistaminic, Anxiolytic, antidepressant, Antioxidant, Hepatoprotective, Antimicrobial,
Analgesic, Antifungal, Neuroprotective etc. Table 1 demonstrated the list of pharmacological

activities till date performed on Aegle marmelos along with their findings.

Ethnomedicinal uses of Aegle marmelos

Leaves extracts of Aegle marmelos is traditionally used to treat jaundice, constipation,
chronic diarrhea, dysentery, stomachache, stomachic, fever, asthma, inflammations, febrile
delirium, acute bronchitis, snhakebite, abdominal discomfort, acidity, burning sensation,
epilepsy, indigestion, leporsy, myalgia, smallpox, spermatorrhoea, leucoderma, diabetes
mellitus, eye disorders, ulcers, mental illnesses, nausea, sores, swelling, thirst, thyroid
disorders, tumors, ulcers and upper respiratory tract infections. It is also used to treat
Anaemia, Fractures, Healing of Wounds, Swollen Joints, High Blood Pressure, Diarrhoea,

Healthy Mind and Brain Typhoid Troubles during Pregnancy.

Sweet drink prepared from the pulp of fruits produce a soothing effect on the patients who
have just recovered from bacillary dysentery. The pulp of unripe fruit is soaked in gingelly oil
for a week and this oil is smeared over the body before bathing. This oil is said to be useful in
removing the peculiar burning sensation in the soles. Fresh fruit extracts lower blood
pressure. Fine powder of unripe fruit can be an alternative medicine to cure intestinal

parasites, like Entamoeba histolytica, Ascaris lumbricoides.

Root bark is used in remission of intermittent fevers fever, fish poison, remedy for heart
palpitation and melancholia. Bark juice, mixed with cumin in milk, increases seminal fluid
volume. Alcoholic root extracts cure hypoglycemia. It is also used in dog bite, gastric

troubles, heart disorders, antiamoebic, rheumatism.

Flower extracts are used as a tonic for the stomach, intestine, antidysenteric, anti-diabetic,

epilepsy, diaphoretic and local anesthetic.*”-%%
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Future prospects

This review revealed that Aegle marmelos possesses significant pharmacological potential
and chemical constituents and traditional healers use this plant to treat a wide spectrum of
human ailments. It is necessary to accumulate this indigenous knowledge by proper
documentation and preserve it for future research. In spite of having promising biological and
pharmacological potentials, there are only few reports are available on this plant. More
research is required on the phytochemical constituents of this plant. This review will help the
future researchers in discovering new therapeutic agents as the plant possesses propitious

biological and pharmacological potentials.

Compounds that are isolated from the Aegle marmelos has the potential to act as lead
compounds for drug discovery. In spite of having enormous ethnomedicinal and folklore

applications, these plants remain unexplored.

Since the plant possesses significant biological and pharmacological activity it should be
explored for its medicinal value at molecular level by using various modern scientific
techniques. The plant has a wide array of biological and pharmacological potentials and many
of the isolated compounds and synthetic analogues of Aegle marmelos merit further research.

Table 1: Reported pharmacological activities of Aegle marmelos.

Phqr_macologlcal Plant part Results
activity
Decrease in glucose absorption and inhibition of both a
amylase and intestinal disaccharidase enzyme activity due to
Antihyperglycemic | Leaves presence of bioactive components, aegelin 2, scopoletin and
sitosterol*%?): effective as insulin in restoration of blood
glucose.™*!
Anp-mflgmmatory, Significant inhibit the carragenin-induced paw edema due to
antipyretic & Leaves s [14,15]
. presence of lupeol, skimmianine.
analgesic
Interfere with GABAergic mechanism to exert their
Anticonvulsant Leaves anticonvulsant activity due to presence of flavonoid,
Lupeollinoleate, Skimmianine, Eugenol.[** 7]
Inhibited the histamine release from rat leukemia cell line
Antihistaminic Leaves (RBL-2H3 cell) and also inhibit the histamine release and
suppressed Ca®* influx on RBL-2H3 cell line.[®%!
Anxiolytic & It enhances anxiolytic and antidepressant activity of imipramine
. Leaves . [22,23]
antidepressant and fluoxetine.
It has capability of protecting the cells in oxidative stress due to
Antioxidant Leaves the presence of flavones, isoflavones, flavonoids, alkaloid,
sterpenoids, phenolic content, anthocyanin, coumarin, lignans,
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catechins and isocatechins.[**°!

Hepatoprotective

Leaves, Seed,
Fruit

Showed significant decrease in the levels of serum markers,
indicating the protection of he[patic cells against ethanol
induced hepatocellular injury.!?""

Inhibit the broad range of pathogenic microorganisms.

Antimicrobial Leaves & Fruit produced maximum inhibition zone of 11 mm and 9 mm.B**
Analaesic Leaves Shpvv_ed signifi(_:an'g analgegic a_ctivity on acetic acid-induced
g writhing and tail flick test in mice.*"
Interfere with the Ca**-dipicolonic acid metabolism pathway
Antifungal Leaves and p[ggjsibly inhibit the spore formation at concentration of 500
ppm.
Showed acetylcholinesterase (AChE) inhibitory activity in the
Neuroprotective Leaves brain which improves the symptoms of cognitive deficit by
elevating the levels of acetylcholine.*®!
Reduced gastric ulceration and prevent the oxidative stress!*”)
Anti-ulcer Fruit due to the presence of luvangetin and quercetin which lowers
oxidative stress in the gastro duodenal mucosa.!% %]
. . Contain marmilide, which interferes with early events of
Antiviral Fruit . [40]
replicating cycle.
Inhibit the in vitro proliferation of human tumor cells,
erythroleukemic HEL, melanoma colo38, MDAMB- 231 and
. Leaves, Fruit | breast cancer MCF7 cell lines.”*"! Also showed antiproliferative
Anti-cancer - . . .

& Bark activity against colon, breast carcinoma and leukaemia cell
line.**4 Due to the presence of lupeol, eugenol, citral, and
marmelin skimmianine.®
Stimulate cell mediated and antibody mediated immune

Immunomodulatory | Leaves responses in ratsi**!: also high dose was best effective in
humoral immunity.[*!
Antithyroid L eaves Decreasgd }4@ roid hormone level due to presence of
scopoletin.
cardioprotective L Exhibited cardioprotective effect against isoproterenol induced
eaves .- . . [48]
effect myocardial infarction in rats due to the presence of aurapten.
. . Effective remedy for prevention of diarrhea™ due to presence
antidiarrhoeal Fruit X - [50-52]
of tannins and flavonoids.
Toxicolo L eaves Chronic _aqlministration o_f leaf p0\_/vder did not induce any short
9y term toxicity. It have a high margin of drug safety.!>*4
Anthelmintic Fruit Showed significant difference in paralysis and death time.™™
Showed significant reduction in the weights of testis,
Antifertility Leaves epididymes, seminal vesicle, testicular sperm count, epididymal

sperm count and motility and abnormal sperm count.™®
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Aegelin Limonene

Fig 1: Structures of some phytochemical constituents reported from Aegle marmelos.

CONCLUSION

The existing literature on Aegle marmelos has shown that it is an important medicinal plant
used in a wide range of ethnomedical treatments, especially for diarrhea, dysentery, diabetes,
ulcer, inflammation, fever and hyperlipidaemia. Aegle marmelos reported the presence of
secondary metabolite such as alkaloids, coumarins (marmelosin, marmesin, marmin,
imperatorin, scopoletin), steroids, polysaccharides, phenylpropenoids, tannins, flavonoids,
carotenoids, saponin. The pharmacological studies of of Aegle marmelos extract hold
antihyperglycemic, anti-inflammatory, antipyretic, analgesic, anticonvulsant, antihistaminic,
anxiolytic, antidepressant, antioxidant, hepatoprotective, antimicrobial, analgesic, antifungal,
neuroprotective etc. Therefore, considering its versatile medicinal uses. Further

improvements are required to encourage research interest on Aegle marmelos.
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