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ABSTRACT

Seaweeds, also known as macroalgae, are abundant sources of various bioactive
components with a wide range of biological functions. The numerous biological
functions associated with the bioactive substances derived from seaweeds have the
potential to increase their value for improving health in the food and pharmaceutical
sectors. Aging is a major risk factor for many chronic diseases, such as cancer,
cardiovascular disease, and diabetes. Seaweeds are an excellent food source since
they are packed with vitamins, minerals, fibre, polyunsaturated fatty acids, and other
beneficial substances. Seaweeds have antioxidant, anti-inflammatory, and anti-
obesity properties, among other health advantages. The first step is collection of
seaweeds such as Gracilaria salicornia, Gracilaria edulis, Sarragassum sp.,
Enteromorpha sp. and Kappaphycus sp. and to initiation of callus culture in invitro-
propagation of collected seaweeds. Screening & purification of seaweeds to expose
the bioactive compounds like alginate, fucoidan, carrageenan etc.,. To confirm the
DNA extraction and to known the species we need to perform molecular

characterization. In seaweeds to check Anti-proliferation & Anti-aging activity which
helps peoples to overcome, finely wrinkled and dry intrinsically aged skin, premature

photoaged skin typically shows a thickened epidermis, mottled discoloration, deep
wrinkles, laxity, dullness and roughness. Initiation of callus growth was seen in
Gracilaria salicornia. Extraction & purification of compounds was high in Sargassum
and Enteromorpha species. Anti-proliferation and Anti-aging activity was checked
to see the effect of sample MCF 7 cell line and cell viability. The % cell viability was
calculated and at the concentration 31.2 pg/ml the cell viability percentage is
50.66%. The purpose of this work was to examine the anti-proliferation & anti-aging

properties in seaweeds.

Keywords — Macroalgae, anti-proliferation, anti-aging, screening & purification,

molecular characterization and bioactive compounds.
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CHAPTER -1

1. INTRODUCTION

Marine algae are rapid-growing, extremely powerful photosynthetic species
with just a straightforward cycle of life, often known as marine macroalgae.(Kadam
et al., 2015a). Seaweeds are eukaryotic organisms. Seaweeds also known as
macroalgae, that species of plants inhabits saltwater or shallow region of the ocean,
respectively. There is often form dense growths on rocky shores or accumulation
in shallow water. The ocean provides important groups of producers is the seaweed
(algae) that vary in size from microscopic to macroscopic (Joshi et al., 2015). These
are split into three main categories called Chlorophyta, Phaeophyta, and
Rhodophyta, which, respectively, correlate to green, brown, and red algae (Penalver
et al., 2020). Lipids, proteins, and carbohydrates, they are the structural
macromolecules that seaweeds produce; they are also referred to as
primary metabolites. Additionally, they create secondary metabolites, which have
numerous biotechnological applications in the fields of pharmacology, nutrition, and

agriculture. (Garcia-Poza et al., 2020) .

Countries in East and Southeast of Asia are dominant both in seaweed
farming and consumption. Between 2000 and 2016, the global production of marine
macroalgae increased by more than thrice, from 10.6 to 32.4 million tonne (Matos
et al., 2021). Approximately 83% of the world's total seaweed crop was marketed
commercially and is used directly for human consumption (Mahadevan, 2015). They
develop on solid substrates including rock, dead coral, pebbles, shells, and other
plant materials in backwater, shallow, and deep marine environments up to 180
metres deep (Vijayan et al., 2016). Additionally, seaweeds are abundant in nutrients
that are essential for human nutrition, including elements, vitamins(K, A, and B12),
and essential minerals that are protective pigments. Diverse EU-approved
nutritional claims, such as those for bone health, cognitive function, maintaining a
normal metabolism, normal growth, and muscle function, may be supported by a
number of nutrients (such as those for metal, calcium, iodine, or mg) (Garcia-Poza
et al., 2020).



1.1. BIOACTIVE COMPOUNDS OF SEAWEED

Seaweeds are marine plant creatures that can produce a variety of active
metabolites with a variety of medical applications. They also employ these
compounds to protect themselves against other invasive species (Kolanjinathan et
al., 2014). Seaweed now makes up one of the most significant sources of natural
ingredients used in pharmaceuticals, accounting for 30% of the global market in

2018. This is due to these novel metabolites (Rengasamy et al., 2020b).

Auxins, cytokinins, and gibberellins, three distinct growth hormones, are abundant
in seaweeds (Agarwal et al., 2021). Seaweeds are an excellent food source since
they are loaded with vitamins, minerals, fibre, polyunsaturated fatty acids, and
bioactive substances (Cao et al., 2020). Brown algae (Phaeophycean) are
commonly found as seaweeds include Fucus and kelps, they are found in colder
zone and are absent in tropical region . Red algae (Rhodophyta) seaweeds include
Gelidium spp., Chondrus spp. and Kappaphycus spp.; Green algae (Chlorophyta)
seaweeds are Ulva species, commonly called as sea lettuce (Britannica, Editors of
Encyclopaedia. “Seaweed.” Encyclopaedia Britannica, April 25, n.d.). A plentiful and
potential source of uncommon and effective molecules with the potential to be used
to create cosmetics, cosmeceuticals, and nutricosmetics making them potent
marine resources (Lopez-Hortas et al.,, 2021). Macroalgae moisturises the skin,
enhances blood flow, speeds up cell regeneration and metabolism, regulates the

function of the sebaceous glands and has anti-inflammatory effects ( Pereira, 2018).

Seaweeds are rich sources of bioactive compounds, including
polysaccharides, peptides, polyphenols, pigments, lipids, and minerals, which have
been shown to possess anti-aging properties. These compounds have been found
to exhibit antioxidant, anti-inflammatory, anti-cancer, anti-microbial, and anti-
photoaging activities, among others, which can contribute to their anti-aging effects.
Polysaccharides are one of the major bioactive compounds found in seaweeds and
have been widely studied for their anti-aging properties. Fucoidan, laminarin,
alginates, and carrageenans are some of the polysaccharides found in seaweeds
that have been reported to have antioxidant and anti-inflammatory effects, which
can help reduce oxidative stress and inflammation, two key factors in the aging

process (Pal et al., 2014a).



In addition to polysaccharides, peptides, and polyphenols, seaweeds also
contain other bioactive compounds such as pigments, lipids, and minerals, which
have been shown to contribute to their anti-aging properties. For example,
fucoxanthin, a pigment found in brown seaweeds, has been reported to possess
antioxidant and anti-inflammatory activities, and omega-3 fatty acids, which are
lipids found in some seaweeds, have been shown to have various health benefits

including anti-aging effects (Yu et al., 2014).

1.2. ANTI-PROLIFERATION & ANTI-AGING

Due to its societal effects, skin ageing is particularly significant. It is both
visible and serves as the perfect model organ for research on the ageing process
(Puizina-lvi¢, 2008).  Skin ageing is a complicated process that arises from both
intrinsic and extrinsic ageing. Thickening, laxity, instability, enlarged pores, fine
lines, and wrinkles. Reactive oxygen species (ROS) produced from exposure to UV
radiation cause extrinsic ageing, whereas intrinsic ageing refers to the skin's natural
degeneration (Wang et al., 2015) . Photo-aging, often known as premature ageing,
is this form of ageing (Pientaweeratch et al., 2016). Any person's inherent skin
ageing rate can be significantly modified by personal and environmental factors,
especially the quantity of UV light exposure. The risk of cutaneous neoplasms is
dramatically increased by photodamage, which intensifies quickly, the visual ageing
of skin (Assaf et al., 2010). By causing oxidative damage to the lipids, proteins, and
DNA of the skin, ROS directly contributes to skin ageing. Additionally, ROS can
indirectly activate the MAP kinase pathway to produce MMPs (Pientaweeratch et
al., 2016) . Brown algae like Fucus vesiculosus and Turbinaria conoides contain
polysaccharides like laminaran, fucoidan, and alginate that have antioxidant
properties and can be applied topically to slow the ageing process of the skin in
addition to vitamins and plant extracts. Around 59% of the macroalgae grown
worldwide are brown algae, followed by 40% of red algae and fewer than 1% of
green algae (Wang et al., 2015). With focus of this objective to find a suitable
antiproliferative bioactive compounds in selected seaweeds this project has been

carried out to extract and identify the potent bioactive compounds.



CHAPTER -2

2. REVIEW OF LITERATURE

2.1 MAJOR TYPES OF SEAWEEDS

Seaweeds and other benthic marine algae live in saltwater and
freshwater ecosystems, respectively (Joshi et al., 2015) . Three biological groups
known as marine algae—Chlorophyta (green algae), Rhodophyta (red algae), and
Ochrophyta—are referred to as seaweeds (brown algae) (Mantri et al., 2019) . The
Phaeophyta division of brown algae, in the most prevalent seaweeds in temperate
and polar climates whose dark pigment hides the chlorophyll's green colour, brown
pigment inhibits chlorophyll's green colour. They develop to 50 feet deep to 75 feet
(15-23 m). Most of the red seaweeds (division Rhodophyta), are at the deepest
levels (up to 879 ft/268 m), fragile and fernlike plants can be found; Due of their red

tint, they can absorb the blue and violet light at those depths. (Kandale et al., 2011).
2.1.1. Green Algae - the Chlorophyta

Green algae come greater than 4,000 different species. Green algae can
grow in freshwater or marine environments, and some species even do well on moist
soil. There are 3 forms of these algae: colonial, multicellular, or unicellular (Kandale
et al., 2011). Chlorophyll is what gives green algae their green colour. To survive,
they require a substantial amount of sunshine, which is only available in shallow
seawater. Green algae can therefore be seen at the sea's edge and close to shore
(Joshi et al., 2015). When it comes to polyunsaturated fatty acids (PUFA), the
majority of the species of Chlorophyta are made up of C16 and 18 PUFA, specifically
Linoleic acid (LA; C18:2-6). On the other hand, Alpha-linolenic acid (ALA, C18:3-3)
distinguishes Ulvales (Pereira et al., 2012); (Khotimchenko, 1993). Green algae, in
contrast to both red and brown algae, as well as significant levels of palmitidonic
(16:4-3) and palmitolinolenic (16:3-3) PUFAs. In terms of carbohydrates, mostly

sulfated polysaccharides make up the cell walls of chlorophyta (Lahaye & Robic, 2007).



Green Seaweed

Enteromorpha sp. Ulva fasciata Caulerpa racemose

Figure 2.1.1.: Green Marine Algae

2.1.2. Brown Algae -the Phaeophyta

The most common kind of seaweed is brown algae, which belongs to the
Phaeophyta phylum (which means "dusky plants"). Dark algae, which can be either
brown or yellow-brown in appearance, can be both temperate and polar climates
are represented in the seas. Brown algae typically have root-like structures called
"holdfasts" that are used to anchor the algae to a surface (Jennifer, 2019). The
Brown Algae are considered the fastest growing seaweed species in the world. They
have different forms from simple, freely branched filaments to highly differentiated
forms. Many species have large massive thalli with special air bladder, vesicles, or
float to make them buoyant (Joshi et al., 2015). Meroditerpenoids (plastoquinones,
chromanols, and chromenes), which are almost exclusively found in the
Sargassaceae, are the phenolic compounds in brown algae that are most prevalent
(Reddy & Urban, 2009). The phenols have been demonstrated to have a variety of
biological effects, including those that are anti-diabetic, anti-HIV, anticancer,
bactericidal, anti-adipogenic, anti-allergic, and neuroprotective. Although these
chemicals are thought of as seaweed tastes because of their influence on the flavor



of the seaweeds and the fish, they can inhibit the amino acid's absorption when

ingested with seaweed (Garcia-Poza et al., 2020).

Sargassum sp.

Dictyota dichotoma

Fucus sp.

Figure2.1.2.: Marine Brown Algae

2.1.3. Red Algae — the Rhodophyta

Red algae come in over 6,000 different species. The colour of red algae

is frequently bright because of the pigment phycoerythrin. Because it absorbs blue

light, this algae can survive at greater depths than brown and green algae. Red

algae known as coralline algae play a crucial role as in development reefs of coral.

Red algae examples include Irish moss, shallow marine algae, and dulse. (Palmaria

palmata) (Kandale et al., 2011),(Jennifer, 2019). The most significant pigment in red

seaweeds is phycocyanin. These substances are utilised commercially as natural

colours in items like chewing gum, soft drinks, dairy products, and cosmetics like

lipstick and eyeliner today. Due to its high antioxidant potential, red seaweed's

phenolic compounds are being researched for application in a variety of industrial

fields, including the pharmaceutical and cosmetic industries (Garcia-Poza et al.,

2020).




Gracilaria sp. Kappaphycus alvarezii Polysiphonia elongate

Figure 2.1.3.: Red Marine Algae

2.2. GENERAL STRUCTURE AND CHARACTERISTICS OF SEAWEEDS

The world's watery environments are host to a wide and diversified
collection of macroscopically multicellular, benthic, and unflowering plant-like
organisms known as seaweeds (Zamani, et al.,.). Despite the fact that many
seaweeds resemble plants, they are not considered to be real plants since their
vascular system is not specialised (Yu et al., 2014),(Kalasariya et al., 2021). This
plant's internal vascular system connects all of its organs and transports fluids,
nutrients, and a variety of signalling chemicals throughout the body of the plant
(Lucas et al., 2013). While seaweeds do not need an internal conducting system
because they obtain their nutrients directly from the seawater (del Rio et al., 2020).
Seaweeds are eukaryotic creatures, macroalgae, and thalloid in nature, which
implies that, unlike other terrestrial plants, they lack true leaves, stalks, or roots but
do possess basic thallus structures. However, they do possess roots-like structures
called holdfasts or rhizoids (Kumar, 2018). Since they are photosynthetic creatures,
they can convert solar energy into building blocks for growth. Seaweeds contain

pigments like chlorophyll, which helps with sunlight absorption for photosynthesis

7




and gives them their green colour. Other pigments in seaweeds, such the red and

brown seaweeds, are what give them their fascinating colours (Joshi et al., 2015).

Other seaweeds, including those that float, they might be buoyant or contain
air sacs that enable them to float above the water's surface and receive sunlight for
photosynthesis. The blades are attached to the water's surface by a stem-like
structure called a stipe, is another element of seaweed. Blades are the main
flattened sections of the photosynthetic plant that absorb sunlight. Additionally, the
term "thallus” refers to the fundamental or complex body-like structure of seaweeds
that is capable of performing photosynthesis through every part of it (Figure 4.1)
(Suryanarayana & Banerjee, 2011);(Baweja et al., 2016).
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Figure 2.2.1. Basic parts of Seaweeds
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Table 1. List of important seaweeds and their uses

S.NO. | LIST OF MARINE ALGAE USES REFERENCE
1 Chaetomorpha lirorea Production of Biogas | (Meti & Sailaja,
2014)
2 Dictyota dichotoma Pharmaceutical (Manilal et al.,
Biopesticides 2009)
3 Cladophora glomerata Production of [ (Munir et al.,
Bioethanol 2019; Surayot et
al., 2016)
4 Codium tomentosum Anticoagulant activity | (Shanmugam et
al., 2002)
5 Sargassum  polycystum  C. | Commercial (Skincare | (Chan et al.,
Agardh products) 2011)
6 Porphyra viethamensis Sustainable (Proteins, | (Cho & Rbhee,
Pufas) 2019)
7 Kappaphycus alvarezii Carrageenan, (Hayet et al.,
Biofuels, Fertilizer 2021; Khambhaty
et al., 2012)

2.3. BIOACTIVE COMPOUNDS OF MARINE ALGAE

2.3.1. Polysaccharides

Phycocolloids are hydrocolloids (substances that combine with water to

generate a viscous solution) obtained from seaweeds (San, 2012). Alginate, agar,

10




and carrageenan are significant seaweed polysaccharides that are generated from
phycocolloids and for the pharmaceutical and nutraceutical industries, are
economically valuable (Amlani & Yetgin, 2022). Structured polysaccharides,
mucopolysaccharides, and storage polysaccharides are three different types of
polysaccharides, which are simple sugars joined by glycoside linkages. Due to high
molecular weight polysaccharides and the low molecular weight oligosaccharides
that they breakdown into play an important economic role due to their range of

biological characteristics and minor hazard.

The majority of polysaccharides are used in the food industry as stabilisers,
thickeners, and emulsifiers. A variety of polysaccharides found in seaweeds and
marine macroalgae are said to have a wide range of pharmacological effects, such
as anticancer, anti-inflammatory, and excellent antioxidant properties. The primary
polysaccharides present in marine algae include alginates, agarans, carrageenan,
fucoidan, laminarin, and ulvans (Rengasamy et al., 2020). The majority of the
carbohydrates are found as sulfated and non-sulfated polysaccharides. Algae
species differ in the types of polysaccharides they produce. For instance, green
algae are rich in ulvans, but red algae contain agar, carrageenans, xylans, floridean
starch, water-soluble sulfated galactan, and porphyran. Brown algae are
distinguished by the presence of alginic acid, laminarin, and fucoidan (Gullon et al.,
2020).

2.3.2. Protein

Species, seasonal cycle, and seasonal fluctuation factors all affect the
protein content of seaweed. With respect to dry weight, it is often greater for red
seaweeds (up to 47%), medium for green seaweeds (35%), and less for brown
seaweeds (24 percent dry mass) (Fleurence et al., 2018). Since the protein content
of seaweeds has been overestimated due to the presence of non-protein nitrogen,
conversion of nitrogen to proteins ratios lesser than 6.25, which are frequently
utilised as feed components, have been advised (Amlani & Yetgin, 2022). With
relation to the species, season, & location, the amount of protein for seaweed can
range from 5% to 47% of dry weight. In contrast to brown seaweed, red, green, and

algae often have higher levels of protein. Seaweed proteins are a good source of

11



most amino acids, particularly glycine, alanine, proline, arginine, glutamic, and

asparagine acids (Gullon et al., 2020).

2.3.3. Pigment

Seaweed has three different types of pigments: carotenoid,
phycobiliproteins, and chlorophyll. Chlorophyll, a lipid-soluble pigment that is
presentin plants, algae, and cyanobacteria, is necessary for photosynthesis (Gullon
et al., 2020). Carotenes, lycopene, fucoxanthin, astaxanthin, zeaxanthin, lutein,
neoxanthin, and violaxanthin are the primary carotenoids found in algae (Alejandre
et al., 2017). One of the primary sources of these beneficial pigments, such as
carotenoids, fucoxanthin (xanthophyll pigments found in brown seaweeds),
phycocyanin, and phycoerythrin, is recognised to be marine macroalgae, just like
other terrestrial plants (found in red seaweeds). It is already well known how
important carotenoids are, particularly B-carotene, a-carotene, [B-cryptoxanthin,

lycopene, lutein , and zeaxanthin (Rengasamy et al., 2020).

Astaxanthin and fucoxanthin are the two main carotenoid pigments found in
seaweeds. Fucoxanthin (Cs2HssOs) makes up 10 percentage of the carotenoid
production worldwide (Dembitsky and Maoka, 2007). Tetrapenoid chemicals called
carotenoids support seaweed photosynthesis. The most common of these
carotenoids, fucoxanthin, is generated from brown seaweed and has potential uses
in the food industry. Phycobiliproteins are pigments that are proteins that are soluble
in water. The three pigments that make up phycobiliproteins are phycoerythrin, the
most prevalent red pigment, allophycocyanin, the light-blue pigment, and

phycocyanin, the blue pigment. (Amlani and Yetgin, 2022).

2.3.4. Fatty acids

For healthy cell activity, fatty acids having two or more methylene
interrupted double bonds are beneficial, and they are now being used in
nutraceutical and medicinal fields. Understanding the biological uses of fatty acids
has led to widespread use of them in western society's fight against obesity and

cardiovascular disease (Gill and Valivety, 1997). Additionally, PUFAs—which stand
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for polyunsaturated fatty acids—play a significant part in the metabolism of cells and
tissues. They also regulate membrane fluidity, oxygen and electron transport, as
well as heat adaptability (Funk, 2001).

2.3.5. Polyunsaturated Fatty acids (PUFA)

Hydroxyl groups are found in long hydrocarbon chains at the end make up
PUFA. They are additionally often referred to as long-chain PUFA (LC-PUFA). It is
divided into omega 3 or omega 6 fatty acids depending on where the initial carbon-
carbon double bond (C]C) is located. (Amlani & Yetgin, 2022). This type of acid's
significant nutritional benefits and positive impacts on human health are widely
established. For instance, PUFA are associated with the protection of
cardiovascular illnesses and have anti-tumor, antiviral, and anti-obesity

characteristics (Kendel et al., 2015).

2.3.6. Vitamins & Minerals

Seaweeds are a significant source of hydro- and liposoluble vitamins, so
consuming them may help with vitamin status. In additions vitamins A, C, D, E,
riboflavin, niacin, pantothanic acid, folic acid, and derivatives of folate, along with
vitamins from the group B (B1, B2, B3, B6, and B12) are also present in good
amount. For instance, the vitamin C values reported for seaweed that is green, red,
and brown all fell within a comparable range (Gullon et al., 2020). The concentration
of calcium, which is the most observable mineral, is highest in plant sources.
Additionally, they are better for maintaining a healthy cardiovascular system due to
the fact that they have a lower Na/K ratio than other foods found in typical Western
diets (Amlani & Yetgin, 2022).

Seaweeds are also incredibly rich in trace elements and important minerals.
When compared to terrestrial diets, seaweeds contain a majority of these necessary
elements in high concentrations. Macroalgae contain all the critical nutrients and
trace elements needed for a healthy human diet, making them a significant

functional food in and of themselves. Seaweeds' mineral makeup can change
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according on their phylum, season, climate, geography, and physiology. (Hamed et
al., 2015) .

2.3.7. Sterols

Sterols, the most significant chemical component of microalgae, are the
main nutrient present in seaweed. Sterols predominate in plants, animals, and
fungus, with "cholesterol” being the most well-known sterol found in animals. Animal
cell membrane fluidity and cellular function are both impacted by cholesterol, which
also serves as a secondary messenger in embryonic signalling. Precursors to
steroid hormones and fat-soluble vitamins include cholesterol (Sanchez-Machado
et al., 2004 and Whittaker et al., 2000).

2.3.8. Carotenoids

The most prevalent colours in nature, carotenoids are present in all
algae, higher plants, and photosynthetic microorganisms. They stand in for red,
orange, or yellow wavelength photosynthetic pigment. Natural colours known as
carotenoids are made from five isoprene carbon units, which are then polymerized
by an enzyme to create regular, highly conjugated 40-carbon structures with up to
15 conjugated double bonds (Solomons and Bulux, 2009). Tetraterpenes and
carotenes are hydrocarbons known as carotenoids, and one or more oxygen
molecules can be found in xanthophyll (Lobban and Harrison, 1994). As an
example, green seaweed species contain -carotene, luetin, violaxanthin,
neoxanthine, and zeaxanthin, whereas red seaweeds mostly contain and carotene,
luetin, and zeaxanthin. Fucoxanthine, violanxanthine, and alpha-carotene are

present in brown seaweeds (Haugan and Liaaen-Jensen, 1994).

2.3.9. Dietary fibres

The dietary fibres found in seaweeds are extremely diverse in terms of
their chemical components, physical characteristics, and biological effects on both

human and animal cells. They can also be fermented by the colonic flora (Bobin-

14



Dubigeon et al., 1997). Water soluble and water insoluble fibres are two different
types of dietary fibre found in seaweeds. Cellulose, mannans, and xylan are water
insoluble fibres, whereas agars, alginic acid, furonan, laminarin, and porphyran are
soluble fibres. There is a lot of interest in seaweed meal, functional foods, and
nutraceuticals for human consumption because polysaccharide exhibits antitumor,
antiherpetic bioactivity, anticoagulant, decrease low density lipid-cholesterol (LDL)
in rats, and antiviral activity. The dietary fibres found in seaweeds also contain some

important nutrients (Dennis .et al.,.)

2.3.10. Phycocolloids

Seaweeds' cell walls are made up primarily of phycocolloids, which also
play a role in the detection of pathogens in seaweeds. It is a high molecular weight
polysaccharide made up of sugar unit polymers. Alginates, carrageenan, and agar
are the three primary types of phycocolloides, and they are used mostly in the food

and cosmetic industries (Pal et al., 2014).

2.3.11. Agar

Agar is a general term for seaweed galactans that contains (1-4)-3, 6-
anhydro-L-galactose and (1-3)-D-galactose residues and have up to 6% (w/w) of
sulphate esterification (Hemmingson et al., 1996). Food goods including candies,
fruit juice, frozen foods, pastry frosting, meringues, desert gels, etc. require low-
guality agar. Agar is used in a variety of industrial processes, including casting,
impressioning, paper coating, and textile printing and dyeing. The gel substrate in
biological culture media is made of medium-quality agar. They play a significant role
in the medical and pharmaceutical industries and are utilised as bulking agents,
anticoagulant agents, laxatives, capsules, and tablets. In intermolecular biology,
procedures including electrophoresis, immunodiffusion, and gel chromatography
employ high-quality or highly pure agar (agarose). In Japan, agar-agar is a food
source and is used in cooking. It is renowned for producing capsules for industrial
use and serving as a medium for cell culture. Agar shares the same structural and

biological properties as carrageenan (Murata and Nakazoe, 2001).
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Table 2.3.1.

Bioactive compounds and its activity from marine microalgae

S. Group of Bioactive Microalgae/ Activity References
NO. | compounds Compounds cyanobacteria
1 PUFA Eicosapentaenoic | Porphyridium Nutraceutical; (Delattre et
acid (EPA) cruentum; antimicrobial;  anti- | al., 2016;
Crypthecodinium; inflammatory Pulz & Gross,
Odontella. 2004)
Arachidonic acid | Porphyridium Aggregative and | (Ahern et al.,
(ARA) cruentum vasoconstrictive  of il?ligon etal,
platelets 2020)
2 Sterols Brassicasterol; Chaetoceros, Hypocholesterolemic | (BANDARRA
stigmastero Skeletonema; P. et al., 2003;
lutheri Mao et al.,
2005)
3 Pigments Phycocyanin Arthrospira/Spirulina | Natural pigment; | (Mao et al.,
anti-inflammatory 2005; Pulz &
and antioxidant Gross, 2004)
Astaxanthin Haematococcus Natural pigment; | (Guerin et al.,
. : 2003; Pulz &
pluvialis dietary supplement Gross, 2004)
4 Proteins/ Proteins Phaeodactylum (Carolina
enzymes tricornutum; Miranda,
Arthrospira platensis n.d.;
Rasmussen
& Morrissey,
2007)
5 Vitamins Vitamin C; vitamin | Arthrospira, P. | Antioxidant;  blood | (BANDARRA
K; vitamins B12 cruentum cell formation et al., 2003;

Pulz & Gross,
2004)
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2.4. ANTI-AGING — SEAWEEDS

Skin ageing is a complex process of intrinsic and extrinsic ageing that results in
thinness, aridity, laxness, instability, and increased pores, fine lines, and wrinkles.
Reactive oxygen species produced from being exposed to UV rays cause extrinsic
ageing, whereas intrinsic ageing refers to the skin's natural degeneration (Wang et
al., 2015). Reactive oxygen species (ROS) are important in the ageing of the skin.
The numerous growth factor and cytokine receptors are activated by ROS, and this
further stimulates the P13/AKT pathway and mitogen-activated protein kinase
(MAPK) signal transmission. The FOXO is rendered inactive by the AKT pathway,
which prevents the cell's expression of antioxidant enzymes. Activator protein-1
(AP-1) and NF-B are both nuclear proteins that MAPK regulates. The expression of
MMP is caused by AP-1 stimulation (Jesumani et al., 2019). Due to the societal
implications, skin ageing is particularly significant. It is both visible and makes the

ideal model organ for studies on the way the body ages (Puizina-Ivic, 2008).

The changes in the skin that can be detected in new-borns, adolescents, and
the elderly are an indication of intrinsic ageing. A shortened form of the Lamin A
protein called progerin interacts with telomeres to cause cellular senescence in
healthy human fibroblasts. Older fibroblasts express progerin more than younger
ones due to the fact that progerin accumulates over time as the skin ages (Wang et
al., 2015). An extract from the edible seaweed Alaria esculenta has been shown to
considerably lower the level of progerin in aged fibroblasts at the lowest tested dose,
despite the fact that this inhibitory activity was not detected in younger cells (Verdy
et al., 2011). Extrinsic ageing is caused by contact to ultraviolet light radiation and
the resulting annoyance, & it is characterised through keratinocyte dysplasia in the
epidermis and degeneration of the dermal extracellular matrix (ECM), which leads
to wrinkles, laxity, coarseness, and mottled pigmentation (Wang et al., 2015). Skin's
loss of integrity and elasticity due to the depletion of both structural fibres contributes
to wrinkle development and skin ageing. Therefore, anti-aging formulations could
contain substances with anti-proteinase action to delay the breakdown of skin fibres

(Pientaweeratch et al., 2016).
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The melanin in the lower layer of epidermis and the urocanic acid barrier of
the stratum corneum, which reflects and absorbs a large proportion of UVB light,
are the skin's two photoprotective systems. The stratum corneum's thickness
appears to be crucial for photoprotection (Gniadecka , Wulf, Mortensen).
Antioxidants provide protection against UVB-induced oxidative damage, especially
to stratum corneum lipids Antioxidants are essential in the fight against UV-induced
skin damage because they build up in the stratum corneum, even when applied
systemically (Pelle et al., 1999). Despite the fact that the potential of natural
products with marine origins as a viable source for active ingredients with anti-aging
benefits was mostly unknown until recently, the development of new technologies
and harvesting techniques revealed a wide spectrum of new bioactive compounds
(Resende et al., 2021).

Skin aging is tightly linked to extracellular matrix degradation in both epidermal
and dermal layers. Carotenoids are major active principles among ingredients with
anti-aging properties. Carotenoids are yellow/orange liposoluble pigments derived
from isoprene molecules and composed of eight units of carbon atoms in which
single and double bonds alternate. -carotene tops this pigment family and has an
excellent capacity to prevent reactive oxygen species (ROS) formation (Alvarez-
Rivera et al., 2015). Bacterial polysaccharides (PSs) are a common type of marine-
derived bioactive compounds that has anti-aging properties. Microalgae can also
make PSs (Guillerme et al., 2017). A Chlorella vulgaris extract also appears
promising in the anti-age field insofar as it favors collagen synthesis(H.-M. D. Wang
et al., 2015)one of the dermis extracellular matrix macromolecules which diminishes
over time resulting in wrinkle onset . A combination of algae extracts
from Meristotheca dakarensis and J. rubens is available on the market which has
been described as stimulating keratin, glycosaminoglycans (GAGSs), and collagens
| and Ill synthesis (Couteau & Coiffard, 2016). Skin wrinkles develop as a result of the
ageing process, which diminishes skin thickness, elasticity, and curling of elastic
fibres. It is possible that matrix metalloproteinase (MMP) inhibitors will prove useful
as an anti-aging cosmetic. Minerals found in sea water are also recognised to have
health benefits. Significant amounts of minerals that are good for the skin are found

in sea water, including sodium, potassium, magnesium, calcium, sulphates, and
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chlorides. Additionally, sea salts are particularly useful in skin-care cosmetics
(Guillerme et al., 2017).

2.5. ANTI-AGING PATHWAY REGULATION BY BIOACTIVE
COMPUNDS FROM SEAWEEDS

The SIRT, AMPK, autophagy, and IGF signalling pathways have been identified as
the main anti-aging associated pathways (Pan & Finkel, 2017) These pathways are not,
however, independent of one another. They typically operate together to govern the

beginning or progression of ageing through cross-talks.

2.5.1 AMPK & SIRT Pathways Activated by the Bioactive Compounds from

Seaweeds
2.5.1.1. AMPK & SIRT Pathways

Sirtuins (SIRT1-SIRT7) are a family of nicotinamide adenine
dinucleotide (NAD+)-dependent protein deacetylases. SIRT1 shuttles between the
nucleus and cytoplasm, whereas SIRT2 is localized in the cytoplasm only . The
proteins SIRT3, SIRT4, and SIRT5 are found in mitochondria, while SIRT6 and
SIRT7 are found in the nucleus and nucleolus, respectively (Vitiello et al., 2017).
SIRT1 is the mammalian ortholog most highly related to yeast SIR2, which is the
most widely studied sirtuin (Y. Wang et al., 2011). SIRT1 substrates for cellular
senescence include the tumour suppressor p53, the autophagy inhibitor mammalian
target of rapamycin (MTOR), and the transcription factors fork-head box protein O
that control cell proliferation (FOXO) (Cao, et al., 2020).

In addition to SIRT, AMPK is another gene that can be induced by calorie
restriction, and it has been shown to be crucial for the lifespan-extension impact of
calorie restriction (Greer et al., 2007; Stenesen et al., 2013). Both SIRT1 and AMPK
are regulated by cellular energy levels. SIRT1 is activated by increased
NAD+/NADH ratio, whereas stresses such as nutrient deprivation that raise the
AMP/ATP ratio can activate AMPK (Wang et al., 2011). Patrtially, by modulating the
activation of AMPK through hepatic kinase B1, SIRT1 delays senescence (LKB1).
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AMPK simultaneously boosts SIRT1 activity by enhancing cellular NAD+ levels
(Ruderman et al., 2010).

When AMPK is phosphorylated, it becomes the most active. As a
serine/threonine protein kinase, AMPK inhibits the production of protein and fatty
acids while promoting the oxidation of fatty acids and glycolysis to produce ATP by
phosphorylating specific metabolic enzymes and controlling associated gene
expressions ( Wang et al.,, 2011). AMPK regulates the aging process via an
integrated signalling network. It can activate the signaling pathways such as FOXO,
Nrf2, and p53; thus, improving the resistance of cells to stress (Salminen &
Kaarniranta, 2012).

Adipose tissue ages more quickly as a result of obesity (Ahima, 2009).
Adipose tissue from genetically obese mice exhibited signs of early ageing,
including elevated SA—Gal activity, p53 expression, and the generation of pro-
inflammatory cytokines (Minamino et al., 2009). The SIRT1 and AMPK pathways
can also exert anti-aging effects in overweight subjects besides normal body weight
subjects. The activities of both SIRT1 and AMPK increase with resveratrol
supplementation in high fat diet-fed mice, increasing their survival (Baur et al.,
2006).

2.6. EXTRACTION OF SEAWEEDS

In order to assure the quality of the final compounds, the most appropriate
extraction process must be chosen, taking into account the variety of phytonutrients
that can be derived from marine debris. Regarding the viability of the process on an
industrial scale. Traditional and Techniques for enhanced extraction have been
employed to acquire among the useful chemicals found in algae (Gullon et al.,
2020).

2.6.1. Microwave-Assisted Extraction

Microwave-assisted extraction (MAE) is now the most well-liked, affordable,
and non-chemical method at the laboratory scale. In this method, microwave
radiation is used to quickly steam materials by causing molecular collisions and

friction to produce heat directly inside the matrix (Abdul Khalil et al., 2018)and
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(Matos et al., 2021). The separation of polysaccharides and polyphenols from
macroalgae has extensively utlised in MAE (Gullon et al., 2020). The
electromagnetic energy that makes up microwaves has a frequency that ranges
from 300 MHz to 300 GHz.

Dipole rotation and ionic conduction are the two methods used by MAE to
transmit energy. Energy transfer between molecules and uniform medium heating
occur as soon as energy is absorbed in condensed matter. The rotational motion of
molecules and the radiation frequency are related (Kadam et al., 2015). Systems
can be classified as either open or closed. Explosion risk arises from the use of the
closed system at higher pressure and temperature. That which is open system uses
air pressure, is more affordable, and is fully automated, the issue of an explosion is

solved by pressure (Matos et al., 2021).
2.6.2. Enzyme-Assisted Extraction

The complex cell walls of seaweeds were broken down and the active components
were extracted using a process called enzyme-assisted extraction (EAE), which
makes use of food digestive enzymes including proteases and carbo-hydrases.
Given that it doesn't make use of any hazardous chemicals or organic solvents, this
eco-friendly extraction technique could be regarded as the greenest of all the
available options. The importance of pH, temperature, the type of solvent (water or
buffer), and substrate ratio may be seen in the rise in the extraction yield of the
desired biocompounds. Conditions for combining a solvent with an enzyme (Abdul
Khalil et al., 2018) and (Grosso et al., 2015).

EAE provides a number of benefits, including being environmentally friendly,
inexpensive, converting molecules that aren't soluble in water into materials that are,
great process scalability, high efficiency and specificity in target end products, and
quick extraction times (Hardouin et al., 2016) and (Grosso et al., 2015). This
approach produces a high yield of bioactive compounds by removing undesired cell
wall components and extracting necessary bioactive compounds into the medium.
Due to the utilisation of common food grade enzymes like cellulase, a-amylase,

pepsin, etc., EAE is a moderately priced extraction method (Kadam et al., 2015).
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2.6.3. Supercritical Fluid Extraction

A supercritical fluid is one that has temperature and pressure above its
critical limits (SF). While SFs have superior diffusion and lower viscosities, their
densities and dissolving abilities are comparable to those of other liquids (Kadam et
al., 2015). Once the supercritical state is attained, the solute mass transfer from the
matrix to the solvent is made simpler because the supercritical fluid density is
comparable to a liquid and the viscosity is low in a region between liquid and gas.
(Matos et al., 2021). Since its critical point enables the extraction of labile
chemicals, CO2 is the most common solvent. Acetone, methanol, ethanol, methane,
ethane, propane, ethylene, and propylene are other possible supercritical solvents.
(Kadam et al., 2015) and (Abdul Khalil et al., 2018).

2.6.4. Ultrasound-Assisted Extraction

Ultrasound-assisted extraction is the term for sound waves with high
frequencies >20 KHz that travel in compression and rarefaction waves (UAE). The
surface area of contact between the solid and liquid phases is increased by the
effects of acoustic cavitation in the solvent and the formation of cavitation bubbles
brought about by the passage of an ultrasonic wave. Fast solute diffusion and better
solvent penetration into the matrix are made possible by this. Solid-liquid
suspensions create asymmetrical bubbles, which are then trapped by the solvent
vapour, leading to implosion and the generation of mechanical energy through
microturbulence that weakens the algal cell wall and increases the efficiency of
extraction. (Abdul Khalil et al., 2018 and Grosso et al., 2015). A potential green
technology called ultrasound-assisted extraction (UAE) has been put forth for the
separation of many physiologically active ingredients in seaweeds (Kadam et al.,
2013).
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CHAPTER -3

3. AIM & SCOPE

To collect and characterize selected seaweeds of Chlorophyceae,
Rhodophyceae, and Phaeophyceae from Mandapam region,
Ramanathapuram district, Tamil Nadu.

To develop callus of selected seaweeds by invitro propagation using
different culture parameters.

To extract and elucidate the antiaging compounds from developed callus
of seaweeds.

To characterize the bioactive compounds by chromatography and

spectroscopy techniques.

» Seaweeds are important marine bio resource for their diversified and

portent bioactivity such as anticancer, anti-inflammatory, anti-obesity,
antimicrobial, anti-diabetic, and antioxidant. So, in this, we study
hypothesize to extract anti-aging bioactive molecules for their anti-
aging property. This molecule will be used for development of anti-

aging therapy.
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CHAPTER -4

4. MATERIAL & METHODOLOGY

4.1. COLLECTION OF SEAWEEDS

Red seaweeds such as PS1, PS2, PS3 and PS4, and Brown seaweed
PS5. Were collected from Mandapam region, Ramanathapuram district (Lat 9.1071°
N and Long 78.7023° E), Tamil Nadu, India. The collected samples were cleaned
well with sea water to remove the extraneous matter such as epiphtyes, sand
particles, pebbles and shells and brought to the laboratory in sterile bags. The
samples were +than washed thoroughly with tap water, and followed by distilled
water, and finally with 70% alcohol to remove microflora and other contaminants in
seaweed surface. Finally, the processed seaweeds were shallow dried and stored
at —20°C for further study.

4.2. EXTRACTION OF SEAWEED EXTRACT

The collected seaweed samples were weighed and blended using
motor and pestle. A 10g of seaweeds was blended using motor and pestle in 50ml
of Polar solvents (Water, Acetone, and Methanol) and Non-Polar solvents
(Benzene, Ethyl acetate, Hexane, and Diethyl ether). The samples were kept in
shaker for 24hrs and then filtered using ordinary filter paper. Finally, the sample

were stored at 4°C for further use.

4.3. INITIATION OF CALLUS CULTURE

e Preparation of Culture Media: A suitable culture medium is prepared using
Murashige and Skoog (MS) basal medium supplemented with appropriate
growth regulators such as auxins and cytokinins. The medium is sterilized

using autoclaving.
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e Collection of Seaweed: Seaweed is collected from the shoreline. It is cleaned
and sterilized before use.

e Preparation of explants: The desired plant tissue (e.g., stem or root) is
collected from the parent plant and sterilized using suitable method. The

explants are then placed onto the surface of the culture medium.

e Incubation: The culture test tubes or conical flask containing the explants
and culture medium are incubated under suitable conditions of light and
temperature. The test tubes are also covered with cotton to prevent

contamination.

e Sub-culturing: The callus tissue that develops from the explants is
periodically sub-cultured onto fresh culture medium to maintain growth and

proliferation.

Overall, callus culture using seaweed can provide a useful tool for the propagation
and genetic improvement of various plant species. It can also serve as a sustainable

and eco-friendly source of biological active compounds.

Table 4.3.1 Invitro propagation of selected Seaweeds

MACRONUTRIENTS(10X) | 500 ml 11/2000ml
NH4NO3 8.25¢g

MgSO4.7H20 1.85¢g

KH2PO4 0.85¢g 50ml
CaCl2.2H20 2.29

KNOs3 9.5¢g
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MINORNUTRIENTS(100X) | 250 ml 11/2000ml
MnSO4.H20 0.569
ZnS04.4H,0 0.21g 2.5m|
H3BO3 0.15¢g
MICRONUTRIENTS(100X) | 100ml 1L/1000ml
NaMoO4 0.0025¢g
CuCo04.5H.0 0.00025¢g Iml
CoCl.6Hx0 0.00025¢g
IRON STOCK(50X) 200ml 11/2000ml
Na2 EDTA 0.000469g
FeS047H0 0.00035¢ sml
KI STOCK(100X) 250ml 11/2000ml
Kl 0.0207g 2.5 ml
VITAMINS & AMINO | 100ml 11/2000ml
ACIDS(100X)
Nicotinic acid 59
Pyridoxine .HCI 50

— Iml
Thiamine .HCI 19
Glycine 20g
Sucrose 30g
Sodium chloride(NacCl) 15¢g
pH 5.61t05.8
Agar 8g/1000ml

4.4, SCREENING AND PURIFICATION

4.4.1. Thin Layer Chromatography

Thin Layer Chromatography was performed on a silica gel plate
(Joseph et al., 2022). The concentrated pigment extract of Seaweeds — Gracilaria
salicornia, Gracilaria edulis, Sargassum species and Kappaphycus alvarezii species
was spotted (50 pl) on silica gel plates (TLC silica gel 60 F254, Merck). Hexane and
acetone were used to create the plates (75:25). Yellow, green, and red dots

indicated the existence of the pigment. The following formula was used to determine

the Rf value:
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R; value= Distance travelled by the solute / Distance travelled by the solvent front

4.4.2. Column Chromatography

A technique for separating the pigments based on their densities is
column chromatography. For separation and purification, a glass column that had
been cleaned with acetone and had been first packed at the bottom with glass wool
or cotton for 1 cm height of column. After continuous stirring without any breaks or
bubbles, silica gel (230-400 mesh) combined with the solvent n-hexane was
immediately poured into the column. For optimal silica binding, the column was kept
undisturbed for a day. Thereafter, 2 ml of a crude pigment sample was added into
the column. The eluting solvent n-hexane and acetone in the ratio 7:3 was usually

added after the binding of pigments in the silica column (P et al., 2013).

45. MOLECULAR CHARACTERIZATION

45.1. DNA Extraction

Various techniques have been used to harvest DNA from species,
however algae provide special challenges. The classic method for DNA extraction
in seaweeds is using a detergent called CTAB (cetyltrimethylammonium
bromide). This method works for many red, brown and green algae, but does involve

several steps and organic solvents (Zuccarello & Paul, 2019).

METHOD

1. A small amount of dried, or fresh, tissue (approximately 50mg) were added in

microcentrifuge tube.

2. 500ul extraction buffer is added to the seaweed in a microcentrifuge tube and

mix well.
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3. CTAB extraction buffer contains (2% CTAB, 0.1M Tris-HCI (pH 8.0), 1.4M
NaCl, 20mM EDTA, 1% polyvinylpyrrolidone — PVP) plus the optional addition
of approximately 50ug RNAse A and 80ug Proteinase K.

4. Samples are then ground with a microfuge pestle.

5. Incubated the mixture at 55-60°C for 1-2 hours, mixing occasionally.

6. An equal volume of chloroform : isoamyl alcohol (at a ratio 24:1) is added to

the mixture and vortex vigorously for 30 seconds.

7. Centrifuged the mixture at 12,000 rpm for 10 minutes to separate the phases.

8. Transferred, the aqueous phase to a fresh microfuge tube and added
chloroform : isoamyl alcohol (24:1). Vortex again and centrifuged as before.

9. Transferred, the aqueous phase to a fresh tube and added equal volume of
isopropanol. Mix by inverting the tube a few times and incubate for 30 minutes

at maximum speed.

10. Centrifuged the tube at 12,000 rpm for 15 minutes to pellet the DNA.

11. Carefully, remove the supernatant and wash the DNA pellet with 70% ethanol.

12. Air-dried the DNA pellet and resuspended it in TE buffer (LmM Tris pH 8,
0.1mM EDTA).

13. Measured the DNA concentration and quality using a spectrophotometer or

gel electrophoresis.

14.Stored the DNA at -20°C until further use.

4.5.2. Agarose Gel Electrophoresis

Preformed to check the presence of DNA
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PROCEDURE

1. 0.4g of Agarose powder is added and dissolved in 40ml of 1 x TAE buffer.

2. Then place the mixture in the oven and allow it to mix for few seconds

(approximately 30 seconds).

3. Atter that allow it to solidify and after that added 1 drop of ETBR (Ethidium
Bromide).

4. Sealed the Electrophoresis chamber using Sellotape and check for leakage
and then remove the tape.

5. Preparation of 1 x TAE Buffer (500ml)
10ml 50 x TAE Buffer + 490ml of Distilled water

6. Then added 50 x TAE Buffer to the Electrophoresis

7. DNA samples, typically mixed with a loading dye (5ul) that contains a tracking
dye to monitor the progress of the electrophoresis, are loaded into wells or

slots made in the agarose gel.

8. The DNA samples are loaded at the negative end (cathode) of the gel, and
an electric field is applied across the gel by connecting the electrodes to a

power supply.

9. When the electric field is applied, DNA molecules migrate through the
agarose gel based on their size. Smaller DNA molecules move more quickly

through the gel, whole lager DNA molecules move more slowly.

10. After the electrophoresis is complete, the DNA molecules are visualised
under UV light.
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4.5.3. Polymerase Chain Reaction

1. A specific region of the 18S rRNA gene is amplified using PCR, which
involves using short DNA primers that are complementary to conserved
regions of the gene.

2. PCR with forward primer A (5-AACCTGGTTGATCCTGCCAG- 3’) and
reverse primer SSU- in R1 (5- CAACCAGATTGCCCTCCA- 3’).

3. The PCR-amplified 18S rRNA gene is then exposed to DNA sequencing
using methods such as Sanger sequencing or high — throughtput sequencing
technologies such as illumine sequencing. Sequencing generates a
sequence of nucleotides that represents the genetic code of the 18S rRNA
gene.

4. The obtained DNA sequence data is then analyzed using databases. The
sequences are compared to reference database, such as the National Center
for Biotechnology Information (NCBI) database or Ribosomal Database
Project (RDP), to identify and classify the organisms present in the seaweed

sample.

5. Phylogenetic analysis can also be performed to infer the evolutionary
relationship between different organisms based on their 18S rRNA gene

sequences.

4.6. ANTI-PROLIFERATION & ANTI-AGING ACTIVITY

Cell line and culture

1. The National Centre for Cell Sciences in Pune provided the MCF 7 cell
line (NCCS).

2. The cells were kept alive in DMEM supplemented with 10% FBS, 100
U/ml of penicillin, and 100 g/ml of streptomycin at 37 °C in a humidified

environment containing 50 g/ml CO..
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In Vitro assay for anti- activity: (MTT assay) (Mosmann, 1983)

=

Cells (1 x 10 5 /well) were plated in 24-well plates and incubated in 37°C with
5% CO2 condition.

2. After the cell reaches the confluence, the various concentrations of the
samples were added and incubated for 24hours.

3. After incubation, the sample was removed from the well and washed with
phosphate-buffered saline (pH 7.4) or DMEM without serum.

4. 100ul/well (5mg/ml) of 0.5% 3-(4,5-dimethyl-2-thiazolyl)-2, 5-diphenyl--
tetrazolium bromide (MTT) was added and incubated for 4 hours.

5. After incubation, 1ml of DMSO was added in all the wells. The absorbance at

570nm was measured with UV- Spectrophotometer using DMSO as the blank.

6. Measurements were performed and the concentration required for a 50%
inhibition (IC 50) was determined graphically. The % cell viability was
calculated using the following formula:

% Cell viability = A570 of treated cells / A570 of control cells x 100

7. Graphs are plotted using the % of Cell Viability at Y-axis and concentration of
the sample in X-axis. Cell control and sample control is included in each assay

to compare the full cell viability assessments.

4.7. EFFECT OF BIOACTIVE COMPOUNDS ON ANTI-PROLIFERTION
— DNA FRAGMENTATION: (Wyllie, 1980)

PROCEDURE:

1. MCF 7 cells were plated in 6 well plate and kept in CO> incubator to

attain confluency.
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. Iml of Sample was added in to the well (IC50 concentration) and
incubated for 24 hrs. After this, cells were harvested using TPVG.

. Centrifuge cells at 200xg at 4°C for 10 minutes.

. To the pellet 0.5 ml of TTE Solution and Vortex Vigorously. This
procedure allows the release of fragmented chromatin from nuclei,
after cell lysis (due to the presence of Triton X- 100 in the TTE solution)
and disruption of the nuclear structure (following Mg ++ chelation by
EDTA in the TTE Solution).

. To separate fragmented DNA from intact chromatin, centrifuge tubes
at 20,000xg for 10 minutes at 4°C.

. Carefully removed the supernatants and added 500ul of TTE solution

into the pellet.

. Added 500pl of Ice-cold NaCl and vortex vigorously. The addition of

the Salt should be able to remove histones from DNA.

. Added 700yl of ice-cold isopropanol and vortex vigorously. Allowed it

to precipitate to proceed overnight at -20°C.

After, precipitation, recovered DNA by pelleting for 10 min at 20,000x
g at4°C.

10. Rinsed the pellets by adding 500-700ul of ice-cold 70% ethanol.

11. Centrifuged tubes at 20,000x g for 10 minutes at 4°C.

12. Dissolved DNA by adding to each tube 20-50 pl of TE buffer and place

the tubes at 4°C.
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13. Mixed the samples of DNA with loading buffer. The addition of loading
buffer to samples allows to load in wells more easily and to monitor the

run of samples.

14. Run the electrophoresis in standard TE buffer after setting the voltage
to the desired level. During electrophoresis it is possible to monitor the
migration of samples by following the migration of bromophenol blue

dye contained in the loading dye.

15. Stopped the electrophoresis when the dye reaches about 3 cm from
the end of the gel.

16. Visualized DNA, and placed the gel on a UV Transilluminator.

34



CHAPTER =5
5. RESULT & DISCUSION
5.1. COLLECTION OF SEAWEEDS

Red seaweeds such as PS1, PS2, PS3 and PS4, and Brown
seaweed PS5. Were collected from Mandapam region, Ramanathapuram district
(Lat 9.1071° N and Long 78.7023° E). These seaweeds are PS1- Gracilaria
salicornia (Fig:5.1.3), PS2- Gracilaria edulis(Fig:5.1.1), PS3- Kappaphycus
alvarezii(Fig:5.1.4), and PS4- Enteromorpha, and brown seaweeds PS5-
Sargassum(Fig:5.1.2). The collected samples were cleaned with distilled water
and running tap water. These seaweed samples were used for extraction,
purification, screening, characterization and for anti-proliferation & anti-aging

studies. These samples were stored under refrigeration. (P et al., 2013).
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Fig: 5.1.1. Collection of Rhodophyceae seaweed - Gracilaria edulis
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Fig: 5.1.2. Collection of Phaeophyceae seaweed - Sargassum spp.

Fig: 5.1.3. Collection of Rhodophyceae seaweed - Gracilaria salicornia
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Fig: 5.1.4. Collection of Rhodophyceae seaweed - Kappaphycus alvarezii

5.2. EXTRACTION OF SEAWEED EXTRACTS

The collected seaweed samples were weighed and blended using
motor and pestle (Fig:5.2.1). Polar solvents (Water, Acetone, and Methanol) and
Non-Polar solvents (Benzene, Ethyl acetate, Hexane, and Diethyl ether). The
samples were kept in shaker for 24hrs and then filtered using ordinary filter paper.
Finally, the sample were stored at 4°C for further use (Figs: 5.2.2, & 5.2.3). However,
to generate extracts containing the necessary bioactive components, the
process parameters of each technique must be modified. For example, Pigments
extracted from Sargassum ilicifolium with 100% acetone showed higher quantity
than 90% ethanol, but overall extraction process showed that 90% acetone is

the most efficient solvent to extract pigments than 90% ethanol (P et al., 2013).
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Fig:5.2.1. Extraction technique

Fig: 5.2.2. Extraction of Enteromorphasp. Fig: 5.2.3. Extraction of
Sargassum sp.&Gracilaria sp.
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5.3. INITIATION OF CALLUS CULTURE

Seaweeds are also plants which develop unorganized cell masses like
callus and tumors in response to various biotic and abiotic stimuli. The
combination of two growth-promoting hormones, auxin and cytokinin,
induces callus from seaweed explants in in-vitro condition. These given
figures are the inoculation of seaweeds in MS medium for callus
growth(Figs: 5.3.1, 5.3.2, 5.3.3,& 5.3.4). Initiation of callus culture was
seen in Gracilaria salicornia & Kappaphycus alvarezii species. As the

growth of callus or other tumors were less after exposure to various harsh
growth conditions (Ikeuchi et al., 2013).

Fig:5.3.1. Inoculation of seaweed-Sargassum sp.  Fig:5.3.2. Inoculation of

seaweed-Kappaphycus alvarezii
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Fig:5.3.3. Inoculation of seaweed-Gracialria edulis

seaweed-Gracilaria salicornia

Table 5.3.2. Biomass and length of Seaweeds

Fig:5.3.4. Inoculation of

S. Name of the Biomass (Q) Length (cm)
No. Seaweed ot Day 60" Day | O'" Day | 60" Day
1. | Gracilaria spp. 0.67+0.02 [1.06£0.014 |15 +|2.68 =
0.015 |0.012
2. Kappaphycus 0.92+0.051 | 2.14+0.032 | 1.2 +|3.24 +
alvarezii 0.024 |0.018

5.4. SCREENING & PURIFICATION OF SEAWEEDS

5.4.1. THIN LAYER CHROMATOGRAPHY

Thin layer chromatography (TLC) is a technique used to separate

and identify bioactive compounds in complex mixtures, including seaweeds. The

collected seaweed samples were cleaned using distilled water or tap water and used

for extraction of seaweeds using solvents such as polar (acetone, methanol) and
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non-polar (benzene, diethyl ether, hexane) solvents. The concentrated pigment
extract of Seaweed species was spotted (50 ul) on silica gel plates. Hexane and
acetone were used to create the plates (75:25). The solvents used to run the TLC
is hexane and acetone in the ratio 75:25, which helps the compounds to move
forward. TLC is used for identification of bioactive compounds such as pigments,

phenolics, flavonoids, alkaloids. (Cai, 2014).

Fig:5.4.1.1. TLC of solvent extract of- Gracilaria edulis  Fig:5.4.1.2. TLC of
solvent extract of -Enteromorpha

Fig:5.4.1.3. TLC of solvent extract of -Gracilaria salicornia Fig:5.3.1.4. TLC of

solvent extract of - Sargassum sp.
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5.4.2. COLUMN CHROMATOGRAPHY

Column chromatography is a method of separating the pigments
according to their density. In seaweeds, column chromatography is a technique for
the separation and purification of bioactive compounds. The column had been
cleaned with acetone and has been packed with glass wool. Silica gel (230-
400mesh) has been used to combined with the solvent n-hexane and poured into
the column. The eluting solvent n-hexane: acetone in the ratio 7:3 was added into
the column (Figs: 5.4.2.1, 5.4.2.2, 5.4.2.3, & 5.4.2.4). Fractions obtained were
collected & stored under -4°C. The complex band of compounds observed on the
column during the experiment suggests that there may have been interaction

between the compounds. (P et al., 2013).

Fig:5.4.2.1. Purification of TLC fragment of - Sargassum  Fig:5.4.2.2.

Purification of TLC fragment of - Gracilaria edulis
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Fig:5.4.2.3. Purification of TLC fragment of — Enteromorpha Fig:5.4.2.4.

Purification of TLC fragment of - Gracilaria Salicornia

5.5. MOLECULAR CHARACTERIZATION

5.5.1. DNA EXTRACTION

DNA extraction was carried out using CTAB
(cetyltrimethylammonium bromide) method. Fresh seaweed samples were added in
CTAB and incubated for 1-2 hours. Centrifuged the seaweed mixture at 12,000 rpm
for 10minutes (Fig:5.5.1.1). Remove the supernatant and dry the DNA pellets and
measure the DNA concentration and quality using a spectrophotometer or gel
electrophoresis. Stored the DNA at -20°C. Most of them use a CTAB extraction
technique, which derives from an earlier publication from Doyle and Doyle (1987).
After DNA extraction, PCR needs to be performed. Successful PCR amplifications
can be sequenced and need to be carefully edited to only use base pairs that are
clear. Both Blast searches and phylogenetic analysis will identify the sequence to

the closest match (Zuccarello & Paul, 2019).
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Fig:5.5.1.1. Centrifugation of Seaweed Sample

5.5.2. AGAROSE GEL ELECTROPHORESIS

Agarose gel electrophoresis has been prepared to check the
presence of DNA fragments or molecules and they are visualized under UV light.
The DNA fragments get sorted according to their size through sieving effects
provided by the agarose gel. The smaller fragment size move faller than the lager
once. The purpose of agarose gel electrophoresis has proven effective and efficient
way of separating nucleic acids (Fig:5.5.2.1). Agarose’s high gel strength allows for
handling of low percentage gels for the separation of large DNA fragments
(Zuccarello & Paul, 2019).
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Fig:5.5.2.1. Agarose Gel Electrophoresis

5.5.3. POLYMERASE CHAIN REACTION

5.5.3.1. 18srRNA Identification of Seaweed Species

ORGANISM - Gracilaria spp.
SEQUENCE

TATCTGTAGCATCTTCTAAAAACTTATTATCGAATGCTGATTTTGCTGTTTCAC
TAATATGATACAGAAGATCAATCAAGGTGTTAATATTAGAAGAGATCAAACGT
ATTTTTACAGTTAATTCTTCTATGAATAATAATTATATGTTGCAAATTTTACTGTT
TATAGACAAATTTTCGAAAGGGATTTAAATTCCTTTATTATAGGAGATGAATTT
TTTAATTTAGAAAAGGCTTTTATCAATCGACAAATTTGATTAATTCACGGTTCG
CCAATTAATAGAGAAGCTAGTTTATATGCAAAACAATTTTATCAACCATATCCT
AATACTAAGGTGATTGAATTAGGTACGAAACATTTTTTGGGTAGACTCCTAATA
ATCAAGCTGAAATAAGATATTACAATCAAATTTTAGCATCTCAGGGTTTGGCTT
ACTTTATATCATCTTTGGTTAATAGTAAAGAATATGATATAATTTTTGGTGCTAA
TACTGTACCTTACCGTCGTTTTCCAACATTGCCAGCTGCTAA
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TTTTCCCAATACAGAAAAATTGTATAATAGTTTGACTAAACAGAGCGTATCAAT
TGTTATACCTAGTTTTAAGCCTAGTGCTTTTAATTAGTCAATTTATTTAACTTTC
TTGTTTTAGTACTTCTTAAATACTATTTTTTCGTACTTATATTTTTAAGCTTTCGA
AAAATAAAGTTTTCAGTTCATAAGTTATAACTATTATTTAAGTAGTATTTTATTAT
AAATGTTATAGATTATAGTATTATTGGAGGAGTATTATTACCAAATCGATTGTT
AATGCTGATGCAGAAGTTCCTCTTA

ORGANISM - Kappaphycus spp.
SEQUENCE

AGCAAACACGGTAGTCCAGTATTCCAGCAGGATATAAAGTCTAGTACAGCAC
TGTACGATTTGGACTCTTTACAGCACAGTACAGTATATGGCACAGCAATTTTG
ACTCTTGTACAGTACAATTATGGCCTTCACCTTCTGTCCCGACTTTGTTTTGG
CTTTGTATCCTGTAAGGTATCAGTACTAGAGCTTTACAGTATTGCTGGGAATA
CAGTATACTTACTGTAAGTATCCTCTTCGGCACTGCGCTGAACCATGTACCCT
TCGAATGGTACAGTAAAGTACATACAGTATATACAATACGATGCTTCCCCAAC
CATCGATCTGTGACAAGAGTGTCGTCGATCGTCCCGGCATCAGAGCAATCCC
AAATCCGACAACACCTGTTCAAAACCCTGTAAAACATCAAATGATCCTCCTGT
TCAAACCTCACACAACTTGTCCCGCCCCGTTCTTCATCCTCGCTCCAGTTCTC
TAAACATTCCTACCCCACACTTTGTATCTCTTCCACCGCCATACAATATCACCC
TTCCCCCAACCTCCTCCAACTGAAAGCCCCAATCTCTCGCCATCAAGCAATAG

TCCTCCACCTCTGCTCTTACCCCGCAGTCACGTGAGTACAACTCCAAAGTTCC
CTCTACAAAAACCCTTCTCACATCCTCATCATTTCTCAAACAATCATTCTCGCT
CTCCACGAAATCGCTCACTTCCCCACGTAACATCTCCCTCGTCACCACAGGC
GCCATTCGCTGTACTCCCCACCTTAACGCACATGCCGCGTTCGCCGCCATCC
AGTATCCCAACTTCAAGAGACATGGGCACCCCGCCATCACCCCCTTGACGTT
TGGACTCAATCCGGCAATAACAGCCAGTCCCTTGCAATCTTCTTGGAATTGTT
TCCCAAATGCCAACGCGTATGGCCCTCCTGCAGAATAACCTATAACATACAC
CTCGCAACTCCCAAGCTTTCCAATAGTTGTTTGGCATCATTCGCCCCGTCCAT
TAGACTCCTCCCCGCCACTGCATCCGATAAACCAAAGCCCGGTCGTT
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ORAGANISM - Sargassum spp.
SEQUENCE

GGTGGAGTTCTATATATGCATAATTATGGTGGTGGGGGACAGTTGTTATGTTT
AGGTTTAGTTACTATTCTATATGTGATGTTTACATGGTGGCGGGATGTTATTC
GCGAAGCATCATTTGAGGGCCAGCATACTGTTGCGGTTCAACAGGGTTTGCG
CATGGGGATGATTCTTTTTATTGTTTCGGAGGTTATGTTTTTTTTTGCTTTCTTT
TGGGCTTTCTTTACCTCTTCTTTGTCTCCTGTTTTTAATATTGGGGGGGTTTGG
CCTCCGGCTGGTATAGAGGCAATTAGTCCGTGGGGATTACCTCTTTTAAATAC

TATTATTTTACTTTCTTCTGGGGCAAGTGTTACGTGGGCTCATCATGCTATTGT
TGGAGGTTTTAAAAAGGAGGCTTTAGTGGGCCTTATTATTACAGTAGTATTTG
CAGTTATTTTTACTGGACTGCAGGGTTTTGAGTATATTAACGCACCTTTTGCTA
TGTCTGATAGTGTTTATGGCTCTGTTTTTTTTATGGCTACAGGTTTTCATGGTT
TTCATGTAATCATCGGAACTATCTTTTTATCTATTTGTACTTTTCGATTATATTT
AGACCATTTTAGTCGACAAAGACATTTT
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5.5.3.2. Phylogenetic Tree of Kappaphycus alvarezii

AF481498.1 Kappaphycus alvarezii

JX623985.1 Kappaphycus alvarezii
91%

JX623992.1 Kappaphycus striatum

92%
JX069175.1 Kappaphycus alvarezii strain 200905059

- MT946321.1 Solieria dura voucher CUPVOUCHER-Sodu-2020-1
36%

92%
JQ405740.1 Solieria sp. FM-2012 isolate H8208

JX624011.1 Eucheuma denticulatum

AF489866.1 Kappaphycus alvarezii clone 2002 variety C

2% Kappaphycus 18S rRNA sequencing

36% KF687989.1 Kappaphycus inermis

32%
KF687990.1 Kappaphycus sp.

Fig: 5.5.3.2. Phylogenetic tree of Kappaphycus alvarezii
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5.6. ANTI-PROLIFERATION & ANTI-AGING ACTIVITY

Anti-proliferation and Anti-aging activity was checked to see the effect
of sample MCF 7 cell line and cell viability. Cells (1 x 10°/well) were plated in 24-
well plates and incubated in 37°C with 5% CO2 condition. The absorbance at 570nm
was measured with UV- Spectrophotometer using DMSO as the blank.
Measurements were performed and the concentration required for a 50% inhibition
(ICs0) was determined graphically (Fig:5.6.2). The % cell viability was calculated and
at the concentration 31.2 pug/ml the cell viability percentage is 50.66% (Table:5.6.1).
(Quiles et al., 2022)

Table 5.6.1. Anticancer effect of Sample on MCF 7 cell line

S No Concentration Dilutions Absorbance Cell viability
(Hg/ml) (0.D) (%)
1 1000 Neat 0.149 22.07
2 500 1:1 0.184 27.25
3 250 1:2 0.224 33.18
4 125 1:4 0.265 39.25
5 62.5 1:8 0.306 45.33
6 31.2 1:16 0.342 50.66
7 15.6 1:32 0.377 55.85
8 7.8 1:64 0.416 61.62
9 Cell control - 0.675 100
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Figure 5.6.2. Cell Viability

Anticancer effect of Sample on MCF 7 cell line has been visualised. The normal
MCEF 7 cell line has been shown below (Fig: 5.6.3). The IC 50 value was found to
be 50.66% which induces the apoptosis at concentration 31.2 pg/ml. Several
compounds with therapeutic potential are able to induce cancer cell death through
various signaling pathways, including apoptosis, arrest of the cell cycle, decrease in
Bcl-2 expression, and induction of anti-metastasis by inhibiting MMP activity. For
example, fucoidan decreased the viability of various cancer cells via cell cycle arrest

in the G1 phase and induced p53-independent apoptosis (Lee et al., 2021)

Normal MCF 7 Cell Line
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31.2 pg/ml

1000pg/m 7.8ug/ml

Figure 5.6.3. Anti-proliferation & Anticancer effect of Sample on MCF 7 cell

lines.

5.7. EFFECT OF BIOACTIVE COMPOUNDS ON ANTI-
PROLIFERTION — DNA FRAGMENTS

MCF 7 cells were plated in 6 well plate and kept in CO2
incubator to attain confluency. 1ml of Sample was added in to the well (IC50
concentration) and incubated for 24 hours. To separate fragmented DNA from intact
chromatin. The samples of DNA with loading buffer to run the electrophoresis.
Electrophoresis gel to visualized the DNA, place the gel on a UV Transilluminator
(Fig: 5.7.1).
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Interpretation: The control DNA is diffused and no clear fragments were seen. The
sample DNA shows fragments. This implies that the sample prevented the

proliferation of the breast cancer cells by damaging the DNA .

10kb

6kb

4kb

3kb

2kb

1 kb

Figure 5.7.1. DNA Fragment

No.1 . Marker

No.2. Sample DNA

No.3. Control DNA
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CHAPTER -6

6. CONCLUSION & SUMMARY

Seaweeds a macro algae, contains a variety of bioactive compounds with a
multiple biological functions, it has been recognised as an economically
valuable biological resource because of its unique features such as various
colours, phenolic compounds, lipids, vitamins, polysaccharides, and
polyunsaturated fatty acids. They are commercially offered as fresh and
extracts. Due to commercial overexploitation of the limited supply of cultivated
seaweed, there is a significant risk to wild seaweed populations, which has
serious implications for the ecosystem in the ocean. Due to its high nutritional
value, which is attributed to its high concentration of protein, minerals, vitamins,
dietary fibre, fatty acids, polysaccharides, and bioactive molecules with broad
therapeutic potential, could further contribute to the improvement of human life
and the expansion of a balanced diet if consumed on a regular basis. As a result
of all the derived chemicals and their bioactivities, demands of seaweeds are
increasing day by day. In this study the seaweeds such as Gracilaria salicornia,
Gracilaria edulis, Kappaphycus alvarezii, Enterophorpha and Sargassum sp are
collected from Mandapam, Ramanadapuram District has been cultivated in
invitro-propagation. Extraction was carried out using polar and non-polar
solvents. The bioactive compounds are separated by chromatographic
technique such as thin layer chromatography, & column chromatography. DNA
extraction was carried out using CTAB(cetyltrimethylammonium bromide)
method and after that PCR has been performed. Anti-proliferation and anti-
aging effect has been determined using MTT assay. Anti-cancer effect of MCF7
cell line has been determined using the cell viability. At the concentration 31.2
ug/ml, the cell viability is more 50.66%. From the DNA fragments the control
DNA has been diffused and no clear fragments were seen. This implies that
the sample prevented the proliferation of the breast cancer cells by damaging
the DNA. Hence this study was carried to determine the efficiency of a seaweed
as an active biological compound, it is found that the four seaweeds expressed
highly against cancer cell lines, so it is concluded that it has more efficient to

act as an anticancer agent rather than anti-aging and anti-proliferation agent.
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