Chapter 1: Introduction

1.1. Mangroves: An overview

Mangroves are assemblages of halophytic woody plants that inhibit tropic and sub tropic
estuarine or brackish habitats. About 75% of the world’s tropical coastline is covered with
mangroves (Spalding et al., 1997). These estuarine environments are strongly dynamic in
nature. Freshwater, from numerous channels and creeks, and tidal saline water alternatively
washes these very special coastal wetlands. Being flashed by the saline water twice a day,
the evergreen floral community occupying these environments is well adjusted to water
stress, possesses mechanisms that allow water consumption versus salinity gradient, has
broad and specified root systems (such as pneumatophores, to cope with the anaerobic
muddy base and submerged conditions during the high tide), has marked tendency to
vivipary and exhibits xerophytic adaptation techniques. Mangroves, as a matter of fact, are
composed of a diverse collection of taxonomically uncorrelated plant species containing
both shrubs as well as trees. However, despite of being taxonomically unrelated, these
plants express resemblance in physical feature and structural adaption to their habitat as a

result of confluent evolution (Yannew-Ewuise 1980).

Though all members of mangroves can grow well at minimum temperature average is 20°C
(Chapman V.J, 1976) each mangroves species may vary in their salinity tolerance, degree
both in their salinity tolerance and the degree to which salinity may be necessary to
maintain their growth and competitive dominance (Ellison A.M and Fransworth E.J, 2001).
Due to their distribution along inter-tidal coastlines, mangroves are subjected to salt stress.

To survive in such stressful habitat, mangroves possess salinity tolerant adaptive



mechanisms. Restriction of salt entrance into plants and salt secretion through special salt

glands in leaves are common adaptive measures (Mizrachi et al., 1980; Tomlinson, 1986).

1.2. Mangrove in Malaysia:

Mangroves exist along 52 per cent of Malaysian coastline (about 60 per cent in Sabah and
Sarawak and 40 per cent in Peninsular Malaysia). These swamp forests are the major type
of coastal wetlands of the country covering over 637,164 ha that represent 2.5 per cent of
the global resource of mangrove. Besides their ecological functions, mangroves are also
economically beneficial to the country. Coastal wetlands, which are the huge source of
commercial timber, play an important role in economically. The Matang Mangrove Forest
Reserve that widely known as the best handled mangrove forest in the world has been
sustainably managed for timber since the 1920s (WWAP, 2001).

With over sixty different species, Malaysian mangrove communities are extremely diverse
and invaluable due to the hot and humid climate with high rainfall. Over half of Malaysia’s
mangrove forests are concentrated in Sabah while the rest are located around the central
shores of Sarawak, mostly concentrated in the deltas of the Sarawak, Rajang and Trusan-
Lawas. Smaller parcels inhabit the numerous lagoons and islands around Peninsula
Malaysia (WWAP, 2001). Some areas show a relatively clear zonation pattern. Mangroves
ascend out of the muck and mudflats of estuarine deltas. Mature stands usually comprise
from 20 to 30 species of mangrove trees and are divided into three distinct vegetative zones

where each area overlooked by specific key mangrove tree species (NE, 2008).



Avicennia-Sonneratia zone:

On the offshore edge, mangroves species inhume extensive root under the mud to endure
the loosened the soil from the tidal flooding every day. Somneratia fruits protruding
projection for their regeneration and allow the fruits to drift on the current of water.
Bruguiera-Rhizophora zone:

Bruguiera-Rhizophora area is located on somewhat higher ground. This zone can tolerate
only the flooding of high tide on more compacted soils. The area is discerned by the
evenness of height and special root system which is eerie-looking. The seedlings of
Rhizophora mucronata is elongated and hang like lithe cigars, which balanced to cliff into
loose soil to begin a new life.

Back mangrove zone

In the back mangrove area the clay content is higher in the compressed soil. Mound-
building crabs and lobsters arouse the ground level another meter or so, where a
thickunderstorey emerges from clusters of large ferns. Beyond the tidal reach, nipa swamp
forests prosper in brackish waters, where the predominant nipa palm, with its large feathery

fronds, develops in contiguous thickets on riverbanks.

1.3. Environmental and economic importance of the mangroves:
Different kinds of productive and protective services have been provided by the mangrove
wetland to coastal communities. A few major of them are listed below.
e An extremely important role of mangroves is that they serve as habitats for vast
amount of filter-feeders that are fixed on the knot of roots such as barnacles,
sponges, and shellfish. These filter feeders clean the water of nutrients and silt. As a

result, clear water washes out into the sea, allowing the coral reef ecosystem to

flourish (Field C., 1995).



The mangrove wetlands are the nursery, feeding and breeding land to many
economically important fish, prawns, crabs and mollusks.

A huge amount of organic and inorganic nutrients are present at coastal water that
enhances the potential of fishery.

Mangroves are marine halophytic woody plants that serve as a nursing ground and a
source of energy for detritus based coastal food chain, in addition to its uses in
medicinal products, dyes, and tannins.

In coastal areas, mangroves act as natural protection against the adverse impact of
natural disasters such as storm surges, cyclones and Tsunami.

Mangroves act as the final frontiers to protect the seashore against the adverse
effect of rising sea (Srinivasa et al., 1998).

They reduce coastal erosion as their specialized root systems help to stabilize the
coastal soil. In addition, they play role in gaining land mass by accreting sea and
adjacent coastal water bodies.

They act as biological filters in polluted coastal areas.

Mangroves have also some medicinal importance as well as commercial value

except the ecological benefits. (Premanathan et al. 1996; Balu and Madhavan 1995).

1.4. Objectives of research:

In broader sense, the study aims to assess the bioactivity of Sonneratia alba, Rhizophora

mucronata and Bruguiera gymnorrhiza. In view of this, the following specific objectives

were undertaken:

The study seeks to establish a protocol for seed germination of S. alba, considering

the effects of hormone treatment on germination rate.



Key objective is to assess the bioactivities (anti-oxidant activity and anti-microbial
activities) of S. alba by following the bio-assay guideline. In addition to this, the
study attempts to do the fraction of the active crude extract of S. alba into polar,
semi-polar, and non-polar fraction, to assess the bioactivities, and to identify the
numeric weight of active compound from most active fraction by using the liquid
chromatography tandem mass spectrometry (LCMS/MS).

Finally, to compare the antioxidant and antimicrobial activities of inbetween in vitro
and in vivo explants of S. alba and with other two mangrove plants Rhizophora

mucronata and Bruguiera gymnorrhiza.



Chapter 2: Literature review:

2.1. Medicinal plants:

“Let your food be your first medicine” (Hippocrates, 377 BC) was likely the beginning of
the link among nutrition and welfare which emphasizes the importance of functional foods
(Carbone 2005). In addition, the practice of medicinal plants is very well known for
treating the diseases from ancient times. Even today because of the belief that medicinal
plants are safe and effective most of the plant products are being used in local traditional
systems of medicine (Dhawan 2003). In developing countries, a report of WHO survey
indicates that about 80% of the populations depend on mostly conventional medication for
their chief health care demands (Goyal, et al. 2007). Besides, scientific validations of
medicinal plants have been ensured by various phytopharmacological studies which
evaluate active plant constituents. So today, plants are the important raw materials for
pharmacological research and drug developing (Mendonga 2006), and they are also being

increasingly used as the complementary or alternative medicine in industrialized countries.

The practice of orthodox medicine is far-flung in China, Japan, India, Bangladesh, Thailand
and Sri Lanka. The countries of the area such as China (30,000 species of higher plants),
Indonesia (20,000), India (17,000), Myanmar (14,000), Malaysia (12,000) and Thailand
(12,000) have large floras (Ics-Unido. 2006). In China, medicinal consumption mostly
relies on traditional medicines. The legumes of the Fabaceae, the Caesalpiniaceae and the
Mimosaceae use to make the herbal medicine in Thailand. The use of medicinal plants like
Eupatorium perfoliatum in Central America medicinal plants have been widely used

(Hoareau, et al. 1999).



2.1.1. Medicinal properties in plants:

Medicinal plants have been using as main reservoir of products used to maintain well being
since nineteenth century, as Friedrich Wdohler of German chemist in 1828, trying to
synthesize ammonium cyanate from silver cyanide and ammonium chloride, unexpectedly
synthesized urea, which was the beginning of synthesis of organic compounds in history
and revealed a new area of the synthetic compounds (Mendonga 2006). Step by step, those
synthesized components replaced the uses of the plants as medicinal drugs. The
breakthrough of antibiotic penicillin from Penicillium notatum mould then behaved as the
marking point of the rediscovery of drugs that can derived from plant. Herbal remedies are
back into prominence because of the ineffectiveness of conventional medicines such as
antibiotics. Nowadays, plant derived commercial drugs at least 25%, such as atropine,
vinblastine, quinine, aspirin, vincristine and morphine (Gilani and Atta-ur-Rahman, 2005).
The history of modern psychopharmacology is short, and its current concepts are more
“pharmaco-centric” than those of most other branches of modern medicine (Husain, et al.
2007). The recent story is that medicinal plants have involved isolating the active
compounds, commencing with morphine isolation from opium. Drug finding from
medicinal plants conducted to isolation of early drugs such as codeine, quinine, cocaine,
and digitoxin, in addition to morphine, of which some are still in use (Balunas and
Kinghorn 2005). In addition some synthetic medicines have been derived from medicinal
herbs are silymarin, reserpine, digioxin, taxol, vincristine, ephedrine, vinblastine,

artemisinin, aspirin, hypericin and quinine (Singh 2006).

Rediscovery of the connection between plants and health is responsible for launching a new
generation of botanic therapeutics that admit plant-derived pharmaceutics, multi component

botanical medicine, dietetic supplements, and operable foods. Many of these products will
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soon accompaniment mainstream pharmaceuticals in the diagnosis, treatment and
prevention of diseases, while concurrently contributing assess to agriculture (Raskin, et al.

2002).

Aspirin is the most consumed tablet, which is synthesized from Salix alba, consumed about
80 million only in US each year. Atropine, which is originated from Atropa belladonna,
used to assuage pain and also treat paralysis that related to Parkinson’s disease. Bark of
Chinchona pubescens and Chinchona officinalis used to isolate Quinine to treat malaria.
Papaver somniferum is used for Morphine isolation that is use as pain killer. Vincristine
and vinblastine, which are developed from Catharanthus roseus, used to cure Hodgkin’s

disease, childhood leukemia, breast cancer and choriocarcinoma (Sumner et al., 2000).

2.1.2. Plants selection for medicinal properties discovery:

There are huge numbers of plant species detected on earth. However, amongst the figured
250,000-400,000 plant species, only about 6% have been examined for biological action,
and approximately 15% have been studied phytochemically. This shows a need for phyto-
pharmacological evaluation of herbal drugs (Goyal, et al. 2007). Some chemical substances
of plants, which are generate a certain physiological activity on human body. These
phytochemicals are the active constituents that exhibit some biolological activities
concerning antioxidant, antimicrobial, antiinflammatory, and anticancer activities, ext.
Exploration of the chemical constituents of the plants and pharmacological screening is of

great importance which leads for development of novel agents (Goyal, et al. 2007).

Several screening approach paths can be chose and are contingent the mark diseases as well
as on the usable information regarding the plants. Ethnobotanical backgrounds of plants are

generally used to screen of specific compound by using the bioassay guideline (Atta-ur-



Rahman et al.,, 2001). The analysis of the application of plants, which is related with
cultural practices and conventional beliefs, is called ethnobotany. The term admits the use
of traditional medicinal plants that used to treat diseases (Heinrich et al., 2004). In Indian
Ayurvedic practices, turmeric, scientific name is Curcuma longa, has been long known to
have antimicrobial potential (Goel et al., 2008). Etnobotanical data revealed that curcumin
has been screening from turmeric and have antimicrobial properties against S. albus,
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, B. subtilis and Bacillus
cereus (Jayaprakasha et al., 2005). The study of Biorational correlates the information from
natural history with evolutional theory and ecological hypothesis (Scholes et al., 2005).
Because of, plants are averted being pastured by herbivores much means that the plant
comprises toxic. For instance is Nerium oleander with its oleandrin (a cardiac glycoside),
which causes deadly if it is taken. Research carried on then found the utility of cardiac
glycosides to treat cardiac arrhythmia and heart failure in human (Barbosa et al., 2008).
The study of Chemotaxonomic of plants can also be carried since plant species among
especial taxa are generally assumed to bear similar chemical properties (Bindseil et al.,
2001). For examples, While Goren et al. (2002) examined biological action of the genus of
Tanacetum. Braca et al. (2003) analyzed biological natural action of seven plants from
Licania genus. Introductory knowledge on specific plant species got in literature that also
can be applied as root of knowledge in breakthrough of plant derived medicines. Prior
research carried on by Dat et al. (1992) involving the diuretic action of Orthosiphon
stamineus has enlivened Olah et al. (2003) to isolate active compounds creditworthy for the
diuretic action. The final method used in drug uncovering is by blind or random

aggregation. This method is practicable when conducting with possible biodiversity in



uncontrived field. Farnsworth (1998) demonstrated that vinscristine and vinblastine

discovered by method of random sampling.

2.2. Phenolic components in plants:

Among the various pytochemicals as the secondary metabolites of plants, phenolic
compounds are the common ones and frequently present in the plant kingdom. Phenolic
constituents exhibit several bioactivities such as antimicrobial, antioxidant, antiviral,
antiinflammatory. Dietary phenolics that have being researched deeply in the last decades
are divided into various subgroups and the major categories of phenolic compounds are
flavonoids, phenolic acids, and tannins (King and Young 1999). Some of the other types of

phenolics are stilbenes, lignans, coumarins and quinones (Chai, et al. 2002).

Flavonoids:

Flavonoids are the most important and most studied phenolic phytochemicals that are
widely distributed in plants (Chai, et al. 2002). More than 6,400 flavonoid structures were
determined in the performed studies (Silva, et al. 2006). Generally they include particular
hydroxyl groups with the constitution of ring structures. They have a basic carbon skeleton
(C6 + C3 + C6). Flavonoids are consist of several subclasses such as; flavones, flavonols,
flavanones, flavanonols, chalcones, isoflavonoids, anthocyanins, biflavonoids (Chai, et al.
2002). Flavonoids are basically divided into two groups; anthocyanins and anthoxanthins.
Anthocyanins have some colour pigments such as red, blue, and purple. Anthoxanthins
possess colorless or yellow to white molecules (flavonols, flavones, isoflavones) (King and

Young 1999).

Falvones, flanonols, flavanols (cathechins), anthocyanidins, isoflavonoids, and flavanones

have been classified on the basis of generic structure of heterocycle C ring. Flavonols
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(myricetin, kaempferol and quercetin), flavones (apigenin and luteolin), flavanols
(epicatechin, epigallocatechin, epigallocatechin gallate, catechin, and epicatechin gallate),
isoplavonoids (genistein), flavanones (naringenin) and anthocyanidins are common

flavonoids in the diet (Liu 2004).

Flavonoids generally exist as glycosides, nevertheless some of them are found as
aglycones. There is an insufficient knowledge about metabolism, extraction and absorption
of dietary polyphenols in humans and recovery in the gastrointestinal surface. Furthermore,
the hydrolysis of flavonoid glycosides and the reductive metabolism are performed by

intestinal microorganisms (Rice-Evans, et al. 1997).

Phenolic acids:

Phenolic acids form another large class of phenolic compounds. Phenolic acids contain two

main groups;

1. Hydroxybenzoic acids (e.g. vanillic acids, protocatechuic acids, p-hydroxybenzoic
acid, gallic acid)
2. Hydroxycinnamic acids (e.g. caffeic acid, ferulic acid, cinnamic acids, coumaric

acid, chlorogenic acids)

Tannins:

Phenolic polymers, commonly known as tannins and they are divided into two general

classes:

1. Hydrolyzable tannins: They admit a central essence of polyhydric alcohol, for
example hydroxyl and glucose groups. They are esterified partly or completely by

hexahydroxy-diphenic acid or (ellagitannins)gallic acid (gallotannins).
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2. Condensed tannins: They are more common and have more complex structures then

the hydrolyzable tannins. They consist of oligomers and polymers of catechins.

In some cases hydrolyzable and condensed tannins are present together in plants, so this
kind of tannins can be defined as complex tannins (Chai, et al. 2002). Polyphenolic
phytochemicals are omnipresent in plants that they affair in several protective characters.
An advocated human diet comprise significant amount of polyphenolics, as they have long
been accepted to be antioxidants that scavenge exravagant, prejudicial, free radicals arising
from normal metabolic processes (Stevenson, et al. 2007). Structural diversity of
polyphenolics is a various class of plant secondary metabolites. Secondary metabolites
have been characterized based on the presence of one or more six-carbon rings and two or
more phenolic (associated with aromatic ring) hydroxyl groups. To be precise, mono-
phenols for example p-coumaric acid are not polyphenolics, but they contribute lots of their
characteristics and properties and are nearly usefully conceived as functional polyphenolics

(Stevenson, et al. 2007).

2.3. Mangroves:

2.3.1. Mangroves as unconcerned genera:

Over the last two decades, mangroves have been studied extensively by marine scientists,
ecologists and botanists (Lacerda, 2002; Kathiresan and Bingham, 2001; Tomlinson, 1986;
Saenger et al., 1983; Chapman, 1976a; Macnae, 1968). Significant research attention was
contributed to bear on the human fundamental interactions with these unparalleled
forested wetlands was not until 1980s and early 1990s (Cormier-Salem, 1999; Hamilton et
al., 1989). Earline’s study was generally descriptive, recording the condition and uses of
mangroves by coastal communities e.g., (Lacerda, 1993; Diop, 1993; Field and Dartnall,

1987; Kunstadter et al., 1986; Christensen, 1982; Taylor, 1982; Walsh, 1977). Most of the
12



studies on mangroves are limited in tissue culture technique due to contamination. Explants
frequently turn brown or black and eventually die shortly after in vitro culturing
(Kathiresan and Bingham, 2001). Mangrove species that have been successfully
micropropagated are limited to Sesuvium portulacastrum (Kathiresan and Ravikumar,
1997), Excoecaria agallocha (Rao et al., 1998), Avecennia officinalis and Acanthus
ilicifolius (Eganathen and Rao, 2001). Callus induction has been achieved from mangrove
but the callus lacked the capacity to redifferentiate into adventitious buds or plantlets

(Mimura et al., 1997; Kathiresan and Bingham, 2001).

2.3.2. Potentials of mangroves:

Mangrove forests not only play an essential role as the source of food for marine organisms
(Nagelkerken and Velde, 2004) but these are a good source of food for human based on
their nutrient potentiality ( Kirui et al., 2006; Carvalho et al., 2007). Several mangrove
plants are consumed as the medicinal plants in traditional medication for many years
(Bandaranayake, 2002). Some recent studies confirmed the medicinal properties of some of
mangrove plants which were consumed in folkloric medicine. For example, 3', 4/, 5, 7-
tetrahydroxyflavone isolated from Sonneratia caseolaris, a Bangladeshi mangrove plant,
showed a significant exhibition activity against SMMC-7721 human hepatoma cells in an
in vitro cytotoxic assay carried out by Minqging et al., (2009). Promising antibacterial
activity of Avicennia marina mature leaves extract (Abeysinghe and Wanigatunge, 2006),
methanol extract of Excoecaria agallocha leaves and shoots (Chandrasekaran et al., 2009)
and antifungal activity of methanol extract of Exoecaria agallocha and Bruguiera
gvmnorrhiza trunks (Kazuhiko 2002) are some other examples of pharmaceutical potential

of mangrove plants.
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2.3.3. Medicinal potentials of mangroves:

Several mangrove plants are consumed as medicinal plants in traditional medicine for many
years (Bandaranayake, 2002). Some recent studies confirmed the medicinal properties of
some of mangrove plants which were consumed in folkloric medicine. For example,
3',4')5,7-tetrahydroxyflavone isolated from Sonneratia caseolaris, a Bangladeshi mangrove
plant, that showed a significant exhibition activity against SMMC-7721 human hepatoma
cells in an in vitro cytotoxic assay carried out by Minqing et al., (2009). Promising
antibacterial activity of ethyl acetate extract of Avicenmnia marina mature leaves
(Abeysinghe and Wanigatunge, 2006), methanol extract of Excoecaria agallocha leaves
and shoots (Chandrasekaran et al., 2009) and antifungal activity of methanol extract of
Exoecaria agallocha and Bruguiera gymnorrhiza trunks (Kazuhiko 2001) are some other

examples of pharmaceutical potential of mangrove plants.

Rhizophora mucronata is one of the widespread mangrove plants. Reports show R.
mucronata was traditionally used as both wood source and medicinal plant. The
antibacterial (Lim et al., 2006; Ravikumar et al., 2010), antifungal (Mehdi et al., 2000),
antiviral (Premanathan et al., 1999), insecticidal (Kabaru and Gichia, 2001), antidiarrhea
(Das et al., 2009), antidiabetic (Alarcon-Aguilara et al., 1998), antiseptic (Fernandez et al.,
2002) and antioxidant (Banerjee et al., 2008; Rahim et al., 2008) activities of R. mucronata

have been reported.

Based on review of literature, bioactivity of different varieties/cultivars of a plant might
show different values. Henriquez et al. (2009) reported the different antioxidant activities
of five Chile apple cultivars. Different parts of a plant might also show different bioactivity
potentials. For example, dissimilar antioxidant values from different parts of Andrographis

paniculata were reported by Rafat et al. (2010a). The method of plant extraction can also
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affect bioactivity potential. For example, Muthu et al. (2010) showed methanol extract of
Borreria hispida had higher antibacterial activity than both ethyl acetate and petroleum
ether extracts. The references also suggest the application of combination of different
assays to indicate a specific bioactivity. As an example, the antioxidant capacity of
Oenanthe javanica was higher than Fuodia redlevi using DPPH free radical scavenging
assay while the results of superoxide dismutase activity assay showed the higher
antioxidant potential of E. redlevi compare to O. javanica from the same plant extracts

(Rafat et al., 2010b).

Rhizophora mucronata is one of the widespread mangrove plants. Reports show R.
mucronata was traditionally used as both wood source and medicinal plant. The
antibacterial (Lim et al., 2006; Ravikumar et al., 2010), antifungal (Mehdi et al., 2000),
antiviral (Premanathan et al., 1999), insecticidal (Kabaru and Gichia, 2001), antidiarrhea
(Das et al., 2009), antidiabetic (Alarcon-Aguilara et al., 1998), antiseptic (Fernandez et al.,
2002) and antioxidant (Banerjee et al., 2008; Rahim et al., 2008) activities of R. mucronata

have been reported.

2.4. Taxonomy of mangroves:
The following table that is modified from Tomlinson (1986), give the species number of

mangroves in plant family and genus.
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Table 1.1: Taxonomy of mangrove

Common Name Family Genus, Number of Species

Acanthaceae, vicenniaceae
Black mangrove Avicennia
or Verbenaceae

Buttonwood, White Conocarpus, Laguncularia,
Combretaceae
Mangrove Lumnitzera
Mangrove palm Arecaceae Nypa

Bruguiera, Ceriops, Kandelia,
Red mangrove Rhizophoraceae
Rhizophora

Mangrove apple Lythraceae Sonneratia

2.5. Sonneratia alba:

2.5.1. Morphology of S. alba:

Sonneratia 1s a genus of the family Lythraceae. In Malay the Sonneratia is called
‘berembang’. The others name of the Sonneratia are ‘mangrove apple’ in English,
‘Mangrovenapfel’, ‘Pagatpat’” in the Philippines, ‘Perepat’ in Singapore and
‘Holzapfelmangrove’ in German. Sonneratia trees are distributed in all tropical shores of
the Eastern hemisphere from East Africa through Indo-Malaya to tropical Australia and
into Micronesia and Melanesia, typically grown on the seaward fringe. The flowers of
Sonneratia open at dusk emitting of sour milk or butter and last only one night. Flowers are

pollinated by bats or hawk moths or honeybirds which drink the nectar in the calyx-cup.
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http://en.wikipedia.org/wiki/Nypa_fruticans

The fruits are a large leathery berry seated on a star-like calyx with the seeds embedded in
the pulp. Twenty species of Sonneratia genus has been identified. S. alba, S. ovata, S.
apetala and S. caseolaris are the available Sonneratia species in Malaysia. According to
Tomlinson, a species of Eonycterus spelaea is responsible for pollination of durian flower

which get nectar from wide variety of mangroves and Sonneratia species especially S. alba.

The trees of Sonnratia alba are 3-15 miter tall, spreading, with broad, rather lax crown. The
leaves are elliptic to ovate or obovate, 5-11 x 4-8cm, opposite, base rounded, apex broad,
bounded, blade dull light green, broadly drop-shaped. Numerous white stamens and tiny,
white petals are present in flowers. Flower tube shiny, 3-3.5cm at anthesis, smooth, often 6
ribbed. Fruits are pear-shaped, crowned by the persistent sepals whose tips bend back to the
stalk. Sepals adaxially strong tinged red, 1.3-2cm, recurved in fruits. The fruits are globous,
2-4cm in diameter. Flowers are common in October to November. Chromosome no. of
Sonneratia alba 2n = 22, 24. Seeds are white, flattened, buoyant and tiny. Special types of

root called pneumatophores 30-100cm long, thick, blunts.

2.5.2. Traditional uses of S. alba:

Leaves are eaten raw or cooked, in Eastern Africa used a camel fodder. The ripe fruits are
eaten and are said to taste like cheese by the people from Africa to the Malay and Javanese.
Sonneratia 1s also used for firewood. The heavy timber is tolerant to shipworm and pests
and is used for piling, building boats and posts for houses and bridges. The
pneumatophores are used for fishing nets. The special type of harvest called coppicing is
possible with Sonneratia pneumatophores. Along with Avecennia and Rhizophora,

Sonneratia is used in replanting mangroves to protect castlines.
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Sonneratia alba is also used as medicinal plant by the endogenous people. Different parts
of the plant are used for different purpose by the local people in different country. Poultices
used for cuts and bruises in Burma, it’s also used for sprains and swellings. In Malaysia,

ripe fruits are used to expel intestinal parasites and half-ripe fruits for cough.

2.6. Rhizophora mucronata:

2.6.1. Morphology of R. mucronata:

Rhizophora mucronata is a species of mangrove plants distributed in the coasts of the
Indian Ocean, South and East Africa to Madagascar, Seychelles, Mauritius, Southeastern
Africa to Southern China, Ryukyu throughout Malaysia to Northeastern Australia;
Melanesia, Micronesia belongs to the family of Rhizophoraceae. The name comes from
Greek word “rhiza” means root and “phora” means to bear, refers to the rooting system.
Authority of the name of Rhizhophora mucronata goes to Poiret. The common names of
Rhizophora mucronata in different countries are lengayong, pyoo, doeum prasak, bakbuan,
bakau bakau hitam, bakau jangkar, mangoro, belukap, phangka and duoc bop in Brunei,
Burmese, Cambodia, Filipino, Indonesia, Malaysia, Papua New Guinea, Singapore,
Thailand and Vietnam respectively. The synonyms of the Rhizophora mucronata are
Rhizophora macrorrhiza Griffith, Rhizophora latifolia Miq, Rhizophora mucronata var.

typica A. Schimper.

The evergreen tree grows up to 25- 30m height and 70cm in diameter. The trees usually
occur in a large zone, adjacent to the water. The heights of the trees gradually decrease
towards landwards. Leaves are elliptical to oblong, opposite, 8-15cm long, 5-10cm wide,
acute, entire, without visible veins, thick and leathery, glabrous, black-dotted beneath,
yellowish. Presence of a long mucron at the end of the leaves up to 0.8cm, but usually

broken off. Inter-petiolar stipules up to 100mm long, reddish, falling early. Leaves can be
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identified on the forest floor by the presence of cork warts on the outside of the leaves
which sometimes visible only in older or dried materials. Leaves of Rhizophora mucronata
are a favorite of many crabs (Gillikin et al. 2004). Rhizophora is generally wind-pollinated.
Flowers are self-compatible, bisexual and therefore may be able to self-pollinate (Hou D.
1992). Flowers occurs as axillary inflorescences and open within the leafy crown hanging
downwards from a long peduncle, 2-3 times forked, with 3-8 flowers ca 15mm long.
Flower opens with 4 white and hairy petals altemated with the calyx lobes. Flowers are
bell-shaped hypanthium 4 pale yellow, pointed leathery sepals and 4 cream-colored petals
9mm long. Stamens are eight; stalk less, anther 6-8mm long, 4 opposite sepals and 4
opposite petals. Ovary is half-inferior, conical, 2-celled, with 2 ovules in each cell, 2-lobed
style and berry ovoid or conical, 5-7cm long, brown, leathery. The seeds are all viviparous
and the hypocotyl is very long. The fruits develop within persistent calyx, the sepals
folding back, hypocotyl warty and green in color. The bark is almost smooth, grey, with
vertical fissures. The taproot generally abortive; lateral roots are numerous, developed from
base of the trunk, much branched, usually called stilt roots, hoop or pile like, supporting the
tree; hanging air roots are sometimes also produced from the lower branches; stem in
closed forest cylindrical or developing a straggling or semi-prostrate habit especially in

unfavorable conditions (Hou D, 1992).

2.6.2. Traditional uses of R. mucronata:

Different parts of Rhizophora mucronata are used for different purposes. The wood of
Rhizophora mucronata 1is used for fish traps, house frames, construction, piling and poles.
Fruits can be eaten after scraping off the outside and boiling with wood ashes (Brukill,
1966). According to The Wealth of India, the fruits are sweet and edible, the juice made

into a light wine. Young shoots are cooked and eaten as a vegetable and mangrove extract
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is used for maintaining oil-well drilling muds within desired range of flow (C.S.LR., 1948-
1976). Bark used for tannin and dye, may be removed from stems for sale as firewood.

Leaves are the source of black or chestnut dye (Burkill, 1966).

Leaves and roots also used by the local people as folk medicine in different countries.
Asiatic mangrove is a folk remedy for angina, diabetes, diarrhea, dysentery, hematuria and
hemorrhage (Duke and Wain, 1981). Leaves are pouticed onto armored fish injuries (Watt
and Breyer-Brandwijk, 1962). Indochinese uses the roots for angina and hemorrhage.
Malaysian use old leaves and/or roots for childbirth. Burmese use the bark for bloody urine,

Chinese and Japanese for diarrhea, Indochinese for angina (Perry, 1980).

2.7. Bruguiera gymnorrhiza:

2.7.1. Morphology of B. gymnorrhiza:

The Malay name of Bruguiera gymnorrhiza is ‘Tumu’. Bruguiera gymnorrhiza is species
which is called ‘black mangrove’ belongs to the family Rhizophoraceae common in the
middle and upper intertidal zone, rather than in the lower intertidal zone or along the
seaward edge of mangrove stands. B. gymnorrhiza has the largest natural longitudinal range
of all mangrove species. It is widely distributed trees in tropic, and occurs along the eastern
coast of Africa from just north of East London (Eastern Cape) through Asia to the Ryukyu
Islands of Southern Japan, into Micronesia and Polynesia (Samoa), and Southward to
subtropical Australia (Queensland, New South Wales and Western Australia) and
numerous tiny (and large) islands in the Pacific. The common names of B. gymnorrhiza are
denges in Palau, jon in Marshall Islands, large-leafed mangrove in English, ong in Chunk,
orange mangrove in northern Australia, sobmw in Pohnpei, sraol in Kosrae, and yangach in

Yap.
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Black mangrove is normally a single-stemmed tree with short buttresses and characteristic
horizontal roots that occasionally form above-ground loops, presumably as an aid to gas
exchange for the subsurface portions of the roots called ‘knee roots’. It is a medium to tall
tree range between 15 to 35m long. Leaves are elliptical, opposite, simple, dark green and
coriaceous (leathery), aggregated at the tips of apical shoots in clusters of about 12 leaves,
8-22com long, and 5-8cm wide. B. gymnorrhiza trees can be distinguished from other
Rhizophora species by the color, size and shape of leaves. Inflorescence has solitary flower
buds, positioned at the first or rarely second node below the apical shoot, located in leaf
axils. In the Southern hemisphere the flowering time is chiefly April to August, while in
northern hemisphere from October to February. Special types of fruits, is called
‘viviparous’, which germinate on the parent plant produces by the large-leafed mangrove.
Mature hypocotyl which is dispersal unit of seedlings with attached calyx bodies are
located at the third to fifth nodes below the apical shot. Extended calyxes mostly remain
attached with mature propagules when fall from parent trees. Fruiting started when the
mature hypocotyls fall. Seed of the B. gymnorrhiza is viviparous, meaning that the species
produces seeds hidden in the mature calyx (post-flowering). One hypocotyl is produced
from each mature calyx, however on rare case twins may be observed. Mature trees have
distinctive sturdy, above ground knee roots surrounding the stem base which anchor only

shallowly in the sediments, to 1-2m depth.

2.7.2. Traditional uses of B. gymnorrhiza:

Propagules of large-leafed mangrove use as a source of food in India, Bangladesh and
others parts of Southeast Asia. Peeled propagules and leaves have reportedly been boiled,
soaked, and eaten as a staple in Papua New Guinea, though most probably only in times of

severe shortage of other foods. Fruits are sold as a vegetable at the Honiara Market
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[Solomon Islands] (Clark and Thaman, 1993). Seedlings are made into sweetmeat; they are
sliced, soaked to leach out the tannins and then ground into paste. The seedlings also used
to produce a dye that does not bleed in water (Peter K L Ng et. al., 1999). In Southeast
Asia, the tree is one of the conventional dyes used in batik-making which develop an
orange-red color. In the Marshall Islands, the bark is used to make rope for fishing nets.
The bark may be used to flavor fish. The wood is widely used for structural constituents
(e.g., beams, poles, and rafters) of traditional homes and other structures. It is also used for
other purposes, ranging from traditional uses such as fishing stakes, spears, and
coprahuskers to use as a source of chips for pulp production. The species has also been
used for transmission and telephone poles in some regions and is likely durable in direct
contact with the ground. B. gymnorrhiza is commercially planted in Indonesia, Sabah and
Sarawak in Malaysia to produce wood chips that are turned into paper pulp or to produce
rayon fabric. Leaves, barks and fruits are used as traditional medicine for different purposes
by the endogenous people. The bark used to treat burns in the Solomon Islands, malaria in
Cambodia, cure fish poisoning in Marshall Islands, treat diarrhea and fever in Indonesia.
The fruits are used to treat eye problems, and scrapped skin of the fruit to stop bleeding.
The fruits may also be chewed as a betel nut substitute. The leaves are used to control

blood pressure in India (Peter K L Ng et. al., 1999).

2.8. Tissue culture and plant growth regulators:

2.8.1. Tissue culture in plant development:

While the basic tissue culture can be associated with the theory of cell has been submitted
by Schleiden and Schwann in 1838. They think that each cell is an independent living unit
and when the cells differentiate in an organism multicell still contain information that exists
in the single cell of the first egg. According to this theory, cells have the ability to develop
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into a perfect individual. This theory is known as Totipotency Concept. The German’s
botanist G. Haberlandt has been trying to culture the cells from Lamium purpureum and
Eichornia mollissima leaves. He uses the Knop salt solution containing sucrose. Those cells
can live for one month, however it failed to divide. According to White (1951), there are
two problems that prevent the development of methods appropriate to the Culture of plants
between the years 1902 to 1934: (a) problems selecting the appropriate plant material and

(b) absence of a good nutrient medium formulation.

Three important discoveries in 1930 to 1940 gave a large contribution to the development
of tissue culture: auxin as regulators for growth, identification of the importance of vitamin
B-complex vitamins and growth, and identification of coconut water for tissue culture. In
1934, Gautheret has cultured three species of Salix caprea and Populas nigra in Knop
solution containing glucose, vitamins B and indole-3-acetic acid (IAA). This formulation
has been accelerating the growth of Salix’s cambium tissue. In 1941, Van Overbeek,
Conklin and Blakeslee have proven that coconut water can provide factors that promote the

growth of Datura embryos.

2.8.2. Growth regulators in plant development:

Plant growth regulators can play an important role on plant physiology. Low concentration
of plant growth regulators effect the physiological process of plants and usually the growth
regulators determined as organic components, other than nutrients(Glemas, 1982). Bio-
regulators also can be influential of exogenous application. The essence of a bio-regulator
depends on the application rate, the time of treatment and the growth stage of the plant at
the time of application (Dorffling, 1982). Cytokinins are significant in all phases of plant
development, from cell division and cell enlargement up to formulation of flowers, fruit set

and dry matter formation of plants (Mayeux, 1985; Cothren, 1994). Cytokinins may not
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always be active unless other hormones are present (Hedin and McCarty, 1994b). However,
cytokinins alone can often evoke a variety of physiological, metabolic, biochemical, and
developmental processes when applied to plants (Elliott, 1982; Taiz and Zeiger, 1991).
Since most plant growth and development processes are regulated by natural plant
hormones, many of these processes may be manipulated either by altering the plant
hormone level or enhancing the capacity of the plant to its natural hormones (Sawan et. al.,
2000). Some studies have been done on seed germination of salt tolerance of Acanthus
ilicifoli