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ABSTRACT

Mangrove plants are salt tolerant, distributed in tropical and subtropical zones around the globe. Nowadays, these mangrove plants have
become a major topic of discussion in aspect of bioprospecting of pharmaceutically important bioactive compounds. Moreover, different
parts of mangrove plants are used in folklore medicines for having some curative and protective properties against different diseases. This
review discusses about different phytochemicals derived from leaves, barks, stems, roots, flowers, fruits and seeds of mangrove plants. The
most valuable bioactive compounds obtained from these plants are polyphenols, flavonoids, alkaloids, carotenoids, tannins, saponins,
steroids, aminoacids, carbohydrates, proteins, vitamins etc. This review also shows pharmacological activities of mangrove plants including
antimicrobial (such as antibacterial, antiviral and antifungal), antiinflammatory, anti-ulcer, antidiarrhoeal, anticancer, antidiabetic, anti-HIV,
antinociceptive, hepato-protective, anti-arthritis, analgesic, antioxidant and cytotoxic activities.

Keywords: mangrove plants, phytochemicals, antioxidants, medicinal uses, pharmacological activities.

Antioxidant can inhibit a specific oxidizing enzyme or reacts with
oxidizing agents prior to causing damage to other molecules [3].
Recently, scientists replace synthetic antioxidants with natural
antioxidants from plant materials because of the carcinogenic
properties of the synthetic antioxidants [4]. Rhizophora
mucronata, Thespesia populneoides, Sonneratia apetala and

Introduction

Mangroves are the halophytic and salt resistant oceanic tidal
forests consisting of epiphytes, shrubs, palms, ground ferns,
grasses and trees which are connected in groves or stands [1].
According to living environment of the mangrove flora, it is

usually classified into two subgroups such as true mangrove and
semi-mangrove [2]. From the very beginning of human
civilization, people have been using different parts of these
mangrove plants in different types of clinical conditions either
consciously or subconsciously. Mangroves plants are mainly
valuable in aspect of their bioactive compounds like antioxidants.
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Avicennia marina are good sources of natural antioxidants among
selected mangrove plants [5]. More than 200 bioactive metabolites
are isolated from true mangroves of tropical and subtropical
populations [2]. By their chemical structure, alkaloids, flavonoids,
saponins, tannins, steroids, triterpenes and phenolics are the most
important isolated compounds which have a vast range of
therapeutic possibilities [6].

Mangroves are traditionally used for feed, food (fruits and
nectar) and medicinal purposes in all over the world. Several
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mangrove plants viz. Avicennia africana, A. officinalis, A.
marina, Sonneatia caseolaris, Acanthus ilicifolius, Aegiceras
majus, Ceriops candolleana, Exocoecaria agallocha,
Kandelia rhecdi, Nypa fruticans, Rhizophora mucornata and
R. mangle are widely used by local medical practitioners in
many countries like South America, Australia, Africa, South
East Asia and India. These mangrove plants are used for the
treatment of several skin diseases, leprosy, ulcers,
tuberculosis, elephantiasis, malaria and dysentery [7]. The
mangrove plants have also been traditionally used for the
remedy of asthma, painful arthritis, rheumatism, inflammation
and diabetes [8]. They can produce natural metabolites with
different biological activities such as antioxidant,
hepatoprotective, =~ mosquito  larvicidal,  antibacterial,
antifungal, antiviral, antidiarrhoeal, antifeedant, insecticidal
and cytotoxic activity [9,10].

This review focuses on phytochemicals and antioxidant
potentials, traditional and medicinal uses, biological and
pharmacological activities exhibited by diverse mangrove
plants of the world.

Phytochemical Constitutes of
Mangrove Plants

The common phytochemical constituents of mangrove plants
are alkaloids, carotenoids, aliphatic alcohols, amino acids,
free fatty acids, carbohydrates, hydrocarbons, pheromones,
lipids, steroids, triterpenes, tannins and phenols [11].
Antioxidant activity and flavonoid contents are reported in
leaves of mangrove species (Aviccenia alba, Bruguiera
cylindrica, Bruguiera sexangula, Rhizophora apiculata and
Lumnitzera racemosa) in Setiu Wetlands. The species are
selected according to their popularities, benefits, most studied
and uses on antioxidant activity and flavonoid contents [12].
Rhizophora species (such as Rhizophora apiculata,
Rhizophora mucronata and Rhizophora mangle) are sources
of well known and medically useful secondary products such
as alkaloids, glycosides, essential oils and other organic
compounds [13]. Primarily, plant phenolics are sources of
natural antioxidants which may occur in all parts of the plants
such as leaves, roots, barks, fruits, vegetables, nuts and seeds
[14]. R. apiculata is widely used in charcoal industry in
Malaysia and its bark is able to produce high yields of tannins
[15]. Tannins are often determined by reducing power and
scavenging activities [16].

Excoecaria agallocha indicates the presence of polyphenols,
saponins, alkaloids, tannins, carotenoids, chalcones, cyclitol,
excoecaria toxins, fluratoxin, glycerides of fatty acids, lipids,
phorbol esters, polysaccharides, proteins, sugars, steroids,
diterpenes, triterpenes, cytosporon B and C and phomopsin A,
B, C [17]. Leaves and stems of Sesuvium portulacastrum
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indicate the presence of phytochemicals including alkaloids,
tannins and terpenoids. Its major phytoconstituents are 3, 5,
4- trihydroxy-6, 7-dimethoxyflavone 3-glucoside; trans-4-
hydroxyprolinebetaine and praline [18]. Fruit of Sonneratia
apetala contains polyphenols, flavonoids, anthocyanins,
vitamin C contents and antioxidants [19]. Steroids, fatty
acids, hydrocarbons, sugars and pectins are isolated from
Sonneratia caseolaris [20]. Both the plant Sonneratia alba
and Bruguiera cylindrical reveal presence of phytochemicals
such as alkaloids, flavonoids, tannins, saponins, triterpenes
and anthraquinones [21]. Flavonoids (rutin, isovitexin,
vitexin, isoorientin), triterpinoids (ursolic acid and 2a, 3a, 23-
trihydroxyurs-12-en-28-oic acid) and tannins (punicalagin,
punicalin, terflavins A and B, tergallagin, tercatain,
chebulagic acid, geranin, granatin B, corilagin) are the
phytochemicals of Terminalia catappa [22].

Mansonone-D, mansonone-H, thespone and thespesone have
been extracted from heart wood of Thespesia populnea. Its
bark reveals the presence of phytochemicals such as
quercetin, gossypol, tannin, acacetin and leaf extract is the
source of B-sitosterol, lupeol and lupenone [23]. The flowers
of T. populnea contain kaempferol, kaemperol-7-glucoside
and gossypetin. Its fruit kernels also contain {-sitosterol,
ceryl alcohol and thespesin [24]. Flavonoids, alkaloids,
phenolic acids, steroids, monoterpnes, triterpenoids,
tetratriterpenoids and limonoids are isolated from the leaves,
stems, barks and fruits of Xylocarpus species [25].
Numerous alkaloids have been reported in the fruits, roots
and barks extracts of Xylocarpus granatum [26]. Four
alkaloids such asacetonyl dihydrochelerythrine, N-methyl
flindersine, chelerythrine and dihydrochelerythrine were
isolated from the root barks of X. granatum [27]. Flavonoids
like catechin and epicatechin have been reported in the bark
of Xylocarpus moluccensis [28]. Different phytochemical
constituents present in different mangrove plants have been
shown in Table 1.

Medicinal Uses of Mangrove Plants

Depending on WHO (World Health Organization) data, more
than 80% of world resident rely on using plant for their
medicine and mangroves have been widely used for that
purpose. Mangrove plants play an important role in the
remedy of fever, kidney stone, toothache, sore throat,
dysentery, malaria, constipation, fungal infections,
rheumatism etc. [6]. Acanthus ilicifolius is a mangrove plant
used against asthma, rheumatism, snake bite and paralysis,
while its root, leaf, bark and stem have been used for
prevention of tumor growth and cancer progression [29,30].
Recently, Rege et al. found that Avicennia species have
diverse medicinal properties against HIV, cancer, diarrhoea,
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Tablel: Phytochemical Constituents of Mangrove Plants

Used plant parts Phytochemicals

W ke 7 Leaves, flowers and Steroids, terpenoids, triterpenoids, lignans, phenolics, saponins, [11,54-56]
roots flavonoids, alkaloids, tannins and anthraquionones.

Acrostichum

aureum

Aerial parts and leaves Alkaloids, glycosides, saponins, tannins, steroids, phenols, polyphenols, [57-59]
flavonoids, terpenoids and reducing sugars.

Barks, stems, leaves Flavonoids, hydroquinones, benzoquinones, polyphenols, lignans, [11,60-62]

and roots tannins, sterols, sitosterols, stigmasterols, pentacyclics, triterpenes,
saponins, gallic acids and syringic acids.
{istonia All organs, leaves, Alkaloids, flavonoids, iridoids, triterpenoids, pytosterols, saponins, [63-65]
macrophylla stems, barks and roots tannins and simple phenolics.
4vicennia alba Leaves, barks and Saponins, flavonoids, alkaloids, tannins, triterpenes, steroids and [66]
stems carbohydrates.
dvicennia marina Leaves, barks, stems Polyphenols, flavonoids, alkaloids, tannins, betulinic acids, lupeols, [67-70]
and seeds carboxylic acids, phytoalexins, steroids, phytosterols, tocopherols,
terpenes, fatty acids, proteins, xanthoproteins, sugars, resins, coumarins
and glycosides.
g yizar 088 Whole  plant, leaves, Alkaloids, flavanoids, terpenoids, phenolics, tannins, sterols, glycosides, [71-73]
barks and stems amino acids, proteins, resins, reducing sugars, saponins, carbohydrates,

steroids, phenols, cardiac glycosides and catechols.

g nranRay i A Leaves, stems, barks Tannins, triterpenes, flavonoids, saponins and alkaloids. [21,74,75]
and fruits
Bruguiera Leaves and barks Steroids, flavonoids, phenols, hydroquinones, tannins, saponins, [32,76-78]
gymnorrhiza terpenoids, gums and reducing sugars.
Vit ey 88 Fruits and leaves Triterpenoids, lupenones, ascorbic acids, carotenoids, proteins, sugars, [11,79,80]
tannins and phenolics.

VAT R A r 7] 88 Stems and barks Triterpenoids, bruguines, benzoquinones, phenolics, phenolic glycosides, [81,82]
flavonoids, lignans, alkaloids, tropines and acetic acid esters.
Ceriops decandra Leaves, barks and Sugars, proteins, phenolics, alkaloids, anthraquinones, triterpenoids, [11,83-86]

roots flavonoids, catechins, tannins, carbohydrates, lipids, monosaccharides,
steroids, cardiac glycosides and saponins.

Derris trifoliata Seeds, stems, leaves Flavanones, alkaloids, flavonoids, saponins, tannins, steroids and [87,88]
and roots triterpenoids.

IRl g 8 Leaves, stems, barks Alkaloids, saponins, phenols, steroids, glycosides, tannins, flavonoids, [8§9-92]
and roots amino acids, proteins, carbohydrates, lipids, ascorbic acids, diterpenoids,
triterpenoids, fats and gums.

Fruits, leaves, stems Alkaloids, polyphenols, carotenoids, tannins, amino acids, carbohydrates, [2,11,93,94]
and barks fatty acids, flavonoids, lipids, polysaccharides, proteins, saponins,
sesquiterpenes, aliphatic carboxylic acids, sugars, triterpene esters,
tribulosides and pentacyclic triterpenoids.

Aerial parts, leaves, Alkaloids, steroids, flavonoids, phenols, tannins, glycosides, sugars, [95-98]
pes -caprae stems and roots proteins, saponins, quinines, amino acids, terpenoids, carbohydrates,
monosaccharides, oligosaccharides, free anthraquinones, polyphenols

and soluble starchs.

\Melaleuca Leaves, fruits and Flavonoids, alkaloids, steroids, phenolhidroquinons, phenolics, [99-101]
leucadendron barks triterpenoids, tanins, saponins, monoterpenes and sesquiterpenes.

Leaves, fruits and Phenolic compounds, flavonoids, organic acids, caproic acids, caprylic [102-105]
roots acids, ursolic acids, alkaloids, proteins, anthraquinones, sugars, soluble

solids, dietary fibers, vitamins, proxeronines, alcohols, esters, ketones,

lactones, scopoletins, glycosides, polysaccharides, iridoids, lignans,
trisaccharides and triterpenoids.

[Pongamia pinnata Leaves, seeds, barks Phenolics, fatty acids, amino acids, alkaloids, glycosides, flavonoids, [106-108]
and flowers fixed oils, carbohydrates, saponins, B-sitosterols, tannins, resins, sugars,
phytosterols and triterpenes.
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Table2: Medicinal Uses of Mangrove Plants
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Derris trifoliata Aerial parts, leaves, Cure for calculus, asthma, fever, sores, rheumatism, chronic [109,110]
roots and stems paralysis, dysmenorrheal, diarrhea, dysentery, cuts and wounds.

Heritiera fomes
barks and stems

Rhizophora

mucronata and flowers

disorders.

Sesuvium Leaves
portulacastrum

Sonneratia
Alba Fruits
Sonneratia apetala Fruits and leaves

Sonneratia Fruits

antiseptic.

Used as carminative, laxative and anti-arthritis agent.

Seeds, leaves, roots, Treatment of hepatitis, jaundice, abscess, eczema, acne, boils, [35,111,112]
scabies, itch, infections, dermatitis, rash, sores, scar, warts,

diarrhea, dysentery, indigestion, colic, acidity, constipation,

bloating, stomachache, goiter and diabetes.

Leaves, roots, fruits Treatment of constipation, elephantiasis, haematoma, hepatitis, [6,113,114]
febrifuge, diarrhea or gastric motility disorder, diabetes,
inflammation, wounds, ulcers, fertility related and menstruation

Remedy for fever, kidney disorders, scurvy, various infections, [115,116]
epilepsy, conjunctivitis, dermatitis, haematuria, leprosy,
purgative, toothache, dysentery and diarrhea.

To expel intestinal parasites, to treat coughs, skin injuries, [6,50]
swellings and sprains.

To treat gastrointestinal disorders (such as diarrhea, dysentery, [111]
indigestion, colic, acidity and stomachache).

To treat sprain poultices, bleeding, hemorrhages, piles and [6,117]
toxicity against mosquito larvae. Used as an astringent and

Terminalia catappa Leaves, fruits and Cure for dysentery, headache, scabies, leprosy, colic, liver [118-120]

barks diseases, internal parasites, eye problems and rheumatism.

Thespesia populnea Leaves, fruits and Remedy for swollen joints, hepatitis, jaundice, ulcers, wounds, [121,122]

barks scabies, gunea worm infections, urinary tract infections, diabetes,
cholera, cough, asthma, dysentery, hemorrhoids and various skin
diseases including psoriasis.

Xylocarpus Barks, leaves and Cure for fever, gastrointestinal disturbances (such as cholera, [28,123,124]

moluccensis fruits

hepatitis, diabetes, inflammation, oxidative stress-related
diseases etc. [31]. Resin of Avicennia alba is used in birth
control, ulcers treatment, remedy of skin diseases and also
used to cure tumors. The bark and seed of A. alba are used as
a fish poison [6]. The bark of Bruguiera gymnorrhiza is used
to cure malaria and diarrhea in the Solomon Islands and its
leaf is used to treat burns. Its stem is also used to cure viral
fever, while its root and bark are used in the treatment of
diabetes [32].

Ceriops decandra is used as a traditional medicine for
diabetes, diarrhea, dysentery, angina, wounds and boils [33].
Excoecaria agallocha has traditional medicinal values
against sores, stings, ulcers, epilepsy, leprosy, paralysis,
rheumatism, dermatitis and conjunctivitis [34]. The decoction
of stem and seed of Heritiera littoralis is traditionally used to
cure dysentery, diarrhoea, stomach aches and also used in the
control of mosquitoes [35]. Ipomoea pes-caprae is
commonly used to treat jelly-fish bite and in ritual baths to
alleviate evil spirits [36]. I. pes-caprae is used against various

dysentery, diarrhea), headaches, fatigue, chest pains joint pains,
buccal pains, stomach pains, swelling of the breast, aphrodisiac,
elephantiasis, scabies, constipation and candidacies.

diseases such as, dysentery, constipation, diabetes,
hypertension, arthritis, meningitis, kidney ailments,
hydrocephaly and fatigue in different parts of the world [37].
Its leaf is used for the treatment of rheumatism pain and
inflammation [38].

Leaves and barks of Melaleuca leucadendron are used in folk
medicine as sedating, tranquilizing, evil-dispelling and pain-
relieving agents [39]. Noni juice extracted from Noni fruit
(Morinda citrifolia L.) is the most effective product that is
helpful to cure arthritis, high blood pressure, headache,
muscle pain, heart failure, cancer and diabetes etc. [40].
Decoction expressed from Pluchea indica leaf is used to treat
fever. The sap derived from its leaf is used to cure dysentery.
A poultice of its leaf is applied externally to treat soothe sores
and ulcers [41]. Whole parts of Pongamia pinnata are used as
a crude medicine for the remedy of diarrhea, tumours, piles,
abscess, ulcers and skin diseases etc. [42].

Mangrove plants including Derris trifoliate, Heritiera fomes,
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Rhizophora mucronata, Sesuvium portulacastrum, Sonneratia
alba, Sonneratia apetala, Terminalia catappa, Thespesia
populnea and Xylocarpus moluccensis are reported to have
been widely used against treatment of various diseases which
are presented in Table 2.

Biological and Pharmacological
Activities of Mangrove Plants

Different mangrove species (such as Somneratia apetatala,
Salvadora persica, Rhizophora mucrunata, Avicennia alba, A.
officinalis, Bruguiera cylindrica and FExcoecaria agallocha)
have been found for antimicrobial activity [43]. Significant
pharmacological activities like antioxidant, anti-inflammatory,
anticarcinogenic, antiosteoporotic and hepatoprotective
activities have been demonstrated in extracts of Acanthus
ilicifolius 44 45). Alstonia macrophylla has showed different
pharmacological and biological activities such as antioxidant,
antimircrobial, antiprotozoal, antimalarial, antidiabetic, anti-
inflammatory, antidiabetic, antipyretic, CNS depressant,
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antifertility and antidiarrhoeal activities [46]. The leaf,
pneumatophore and bark of Ceriops decandra are used for
antidiabetic,  antinociceptive,  anti-inflammatory  and
antioxidant activities [47]. Derris species have antiviral,
antibacterial ichthyotoxic, insecticidal, pesticidal, analgesic,
antipyretic, antidysenteric, antidiuretic and antispasmodic
activity [48]. Root and stem of Derris indica, D. elliptica and
D. trifoliata showed antimicrobial and antifungal properties
[49]. Anti-HIV, anticancer, antiviral and antibacterial agent
properties have been presented with clinical trials from
Excoecaria agallocha [50]. Noni (Morinda citrifolia 1..) has
different therapeutic effects such as anthelminthetic, analgesic,
hypotensive, anti-inflammatory, antibacterial, antiviral,
antifungal, antitumor, antimutagenic, anticarcinomac and anti-
clastogenic effects [40,51]. Pongamia pinnata possess
antioxidant, antiinflammatory, antiplasmodial, antidiarrhoeal,
antiulcer, antinonciceptive, antihyperglycamic,
antilipidperoxidative and antihyperammonic activity [52].
Xylocarpus species have a broad range of biological activities
include antimicrobial, antimalarial, antifilarial, antifeedant,
antidiarrhoeal, anticancer, antidysdipidemic and

Table 3: Biological and Pharmacological Activities of Mangrove Plants

Avicennia marina

Fruits and leaves
antifungal,

Heritiera fomes Leaves, stems and Antioxidant,

Antioxidant,

Melaleuca leucadendron RPVEVE

Plucheaindica Roots and leaves
antidiabetic,

Rhizophora apiculata

and flowers

Antibacterial, antiplasmodial,
hepatoprotective,

antinociceptive, anticancer and cytotoxic activity.

antiviral,
antioxidant,

antimicrobial, [125-127]
anti-arthritis,

anticancer, anti-inflammatory, antinociceptive, [112,128,129]
barks antihyperglycemic, antimicrobial, spermicidal, molluscicidal
and cytotoxic activity.
antifungal,
inflammatory activity.
Antioxidant, anti-amoebic, anti-inflammatory, antinocicaptive, [131-133]
antiulcer, anticancer, antituberculosis and
antiophidian activity.
Leaves, stems, Antibacterial,

anti-hyaluronidase and  anti- [100,130]

antiviral, antifungal, anti inflammatory, [134-137]
barks, roots, fruits antidiarrheal, anti-diabetic, antiemetic, larvicidal, antioxidant,
anti-ulcer, anti-HIV activity, analgesic, cytotoxic and hepato-

protective activity.

Rhizophora mucronata Barks, leaves and Antidiabetic, anti diarrheal, antibacterial, antiviral, antifungal, [9,136,138]

fruits activity.
Sonneratia apetala
and fruits

Terminalia catappa Seeds, leaves and Antioxidant,

Xylocarpus granatum Barks, seeds and Tyrosinase

antihepatitis,

barks antihyperalgesic,

cytotoxicity,
antihyperglycemic and antidyslipidemic activity.

fruits anti inflammatory, anti-HIV, anti-septic, anti-ulcerogenic,
mosquito larvicidal, antioxidant, hepatoprotective and
antiplasmodial activity.
Sesuvium portulacastrum QUGN barks, Antibacterial, antifungal, anti-inflammatory, antioxidant, [116,139]

stems, flowers and antidiabatic, anticancer, antitumor, nematicide and analgesic

Leaves, seeds, barks Antibacterial, antioxidant, antidiabetic, anticancer, anti- [6,111,140]
inflammatory,
anthelmintic and cytotoxic activity.

analgesic, antidirrhoeal,

antibacterial, antifungal, analgesic, anticolic, [141,142]
anti-inflammatory, anticancer, anti-HIV
reverse transcripts and hepatoprotective activity.

activities,
antifeedant,

antioxidant antidiarrthoeal, [143-145]

cardiotonic,

stems antibacterial,
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gastroprotective activity [53].

Biological and pharmacological activities of Avicennia marina,
Heritiera fomes, Melaleuca leucadendron, Pluchea indica,
Rhizophora apiculata, Rhizophora mucronata, Sesuvium
portulacastrum, Sonneratia apetala, Terminalia catappa and
Xylocarpus granatum are summarised in Table 3.

Conclusion

In this study, we have focused on different phytochemicals
and antioxidants (including polyphenols, flavonoids,
alkaloids, tannins, saponins,  lignans,  proteins,
carbohydrates, steroids, resins etc.) derived from the
extracts of mangrove plants which are used in medicinal
purposes for human beings. Now-a-days, Avicennia,
Bruguiera, Excoecaria, Heritiera, Rhizophora, Sonneratia
and Xylocarpus species are the most important mangrove
plants that can cure skin diseases, hepatic and
gastrointestinal disorders, fungal infections etc. They also
have different pharmacological activities such as
antibacterial, antiviral, antifungal, anti-inflammatory,
antidiarrhoeal and cytotoxic activities.

This review article may be valuable for different
pharmaceutical companies in all over the world for the new
drug discovery.
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