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Abstract

The potential for therapeutic and nutraceutical applications of marine algae is unparalleled because
they contain several novel molecules and other bioactive compounds. Many known and unknown
marine algae are abundant in Bangladesh's coastal area, with a total of 119 genera having been
identified thus far. In Bangladesh, Tribal communities utilize seaweed as food (salad, soup, jelly,
etc.), and Seaweed collectors engage in an annual harvesting operation, extracting a substantial
quantity ranging from 6 to 9 metric tons, to clandestinely smuggle their bounty to neighboring
countries. U. pinnatifida (wakame), P. palmate (dulse), Laminaria sp (kombu), E. bicyclis (arame),
P. yezoensis, P. tenera (Nori), kelp, S. fusiforme (hijiki), Ulva (aonori), are widely used in different
cuisines. Recently, in the USA, two commercially available products containing lutein, Aztec
Marigold and Tagetes have been introduced to the market, showcasing the growing recognition
and utilization of these sources in the health and nutrition industry. Natural drugs are being
developed by scientists to prevent and cure various fatal diseases, and seaweeds are among their
most promising options because of their diverse metabolites (saturated/ unsaturated fatty acids,
alkaloids, terpenoids, sulfated polysaccharides, polyphenols, amino acids, vitamins, minerals,
pigments, etc.), inhibit various viruses, bacteria, protozoa, diabetes, cancer, tumors, and oxidants,
inflammatory, as well as neuroprotective, and cardiovascular disease preventive. The U.S. Food
and Drug Administration has given the green light for astaxanthin to be consumed by humans. The
carrageenan-based nasal spray and the heparin spray are both safe and efficient in treating the
common cold, pulmonary coagulopathy and swelling and is available in the market. Fucoidan is a
safe and effective adjuvant, serve as a vaccine. This systematic review focuses on enormous
research papers published on seaweeds found in Bangladesh, their metabolites, and their potential

bioactivities against chronic and life-threatening diseases.



Keywords: Bangladesh Marine algae; secondary metabolites; Viral diseases; Cancer; Cardio—

vascular diseases; anti diabetics;

Literature Search Methodology:

The latest compilation of seaweed species available in Bangladesh was conducted, focusing on
marine algae. Additionally, the secondary metabolites of the most abundant seaweeds in
Bangladesh were documented. Conducting an exhaustive examination of in vitro, in vivo, and
clinical research literature, a comprehensive investigation was undertaken to scrutinize the
potential anticancer, antiviral, antimicrobial, antidiabetic, antioxidant, anti-inflammatory, and
cardiovascular disease-preventing attributes inherent in the metabolites derived from these marine
algae. The search encompassed databases such as Scopus, Sci-Hub, PubMed, MDPI, Science
Direct, Springer Link, and Web of Science, Google Scholar. The inclusive review includes peer-

reviewed papers released up to February 2023, without any restriction on publication years.
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Chapter 1

Introduction

“Seaweed’ is a colloquial term from the common name of countless species of microscopic,
macroscopic, and multicellular algae that do not have root systems, flowers, leaves, stems, fruits,
or seeds, generally grow and live attached to rock or other substrate below the high-water mark or
remain drifted in the oceans (Borowitzka,1995). Marine algae offer distinct and cost-effective
metabolites with commercial production potential. Various compounds derived from the marine
environment are already in use, contributing to the development of drugs for treating conditions
such as viral infections, neuropathic pain, and hypertriglyceridemia. Notable among these are
marine-derived anticancer products like Adcetris, Halaven, Yondelis, and Cytosar-U (Pereria et
al., 2019), Utilizing creams and cosmetics derived from seaweed is an effective approach to
upholding skin health and enhancing beauty. These products contribute to accelerating epidermal
regeneration, diminishing scars, providing moisture, revitalizing the skin, and promoting a fairer
complexion (Scieszka et al., 2019). These aquatic species are currently gaining more and more
recognition due to their bioactive metabolites, which have unmatched potential for a variety of
pharmaceutical activities. The abiotic elements within the marine ecosystem, including
temperature, nutrients, salinity, oxygen levels, solar energy, water clarity, tides, aerial exposure,
and currents, significantly impact the production and release of bioactive chemical compounds by
marine organisms. Due to their supplemental, nutritional, and pharmaceutical activities, all
bioactive compounds found in marine macro algae hold great interest. Moreover, algae — derived

bioactive molecules offer potential health benefits and diverse applications such as antibacterial,

14



antiviral, antidiabetic, anti-cancer, anti-protozoal, anti-inflammatory, antioxidant, and

neuroprotective applications, etc (Alam et al., 2021).

The Bangladeshi Coast has a variety of marine algae, particularly in St. Martin, Cox's Bazar, and
Sundarbans Mangrove Forest. There are approximately 5000 metric tons of seaweed biomass
accessible. Seaweeds are commonly available from October to April because of seasonal variations
in water quality parameters, and they are most abundant from January to March (Hornsey and
Hide, 1976). The utilization of seaweed in Bangladesh paints a unique economic landscape, where
economically valuable applications appear to be relatively scarce. While the Mog or Rakhyine
tribal community incorporates seaweed into their cuisine as sauce and salad, and an annual cohort
of approximately 400 seaweed collectors on St. Martin's Island clandestinely harvests 6-9 metric
tons of wet seaweed for smuggling purposes, broader economic avenues for seaweed utilization in

the country seem limited (Sarkar et al., 2016).

Chapter 2

Information about seaweed that occurs naturally in Bangladesh (current
state):

2.1 Distribution of seaweeds:
The six coastal districts of Bangladesh, Cox’s Bazar, Chittagong, Noakhali, Potuakhali, Shatkhira,
and Bagerhat exhibit significant potential for seaweed cultivation. Particularly promising are
Moheshkhali, Sonadia, Nuniachara, Inany, Teknaf, and Saint Martin’s Island, showing a high
likelihood of hosting the highest number of seaweed varieties (Hossain et al., 2021). There were

197 seaweed species found on the Bangladesh coast, with 95 being red, 46 being green, and 56
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being brown (Islam et al., 2010). Recently, the Bangladesh Fisheries Research Institute released a
species checklist featuring taxonomic descriptions for 132 seaweed species. Among these, 28
species are classified under Chlorophyta, 35 under Phaeophyta, and 69 under Rhodophyta (BFRF,
2011). However, Aftab Uddin (2019) confirmed the availability of 244 seaweed species in the

coast water (Aftab Uddin, 2019).

Picture 1. Sargassum sp

Picture 6. Gracilaria sp
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-

Picture 9_ Undria sp Pictue. aetompha s
The Sundarban Mangrove Forest benefits from a favorable climate, environmental conditions, and
an extensive network of waterways, facilitating the natural growth of approximately 60 seaweed
species. Notable species include Boodliopsis sundarbanesis, Ulva sp, Catenella sp, Gelidium sp,
Polysiphonia sp, Ceramium sp, Bostrychia sp, Compsopogon sp, and more (Siddique et al., 2019).
Cox’s Bazar hosts around 155 seaweed species, thriving notably along the Shaplapur coast,
Jaillapara, Shahparirdip in Teknaf, Nuniachara, Nazirartek in the Bakkhail-Moheshkhali river
estuary, and the planted mangrove forest of Parabon region. The main species include Hypnea
musciformis and Enteromorpha intestinalis. St. Martin’s Island hosts around 140 seaweed species,
distributed across its Western, Eastern, and Southern coasts. Notably, the Northern coast lacks
seaweeds. The Southern coast features species such as Sargassum coriifolium, Chaetomorpha

moniligera, Gracilaria verrucosa, and Colpomenia sinuosa. On the Eastern coast, species like
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Sargassum coriifolium, Hypnea musciformis, Hypnea pannosa, and others are prevalent.

Meanwhile, the Western coast exhibits species like Gracilaria textorii, Hypnea musciformis,

Petalonia fascia, Dictopteris divaricatum, and more.

2.2 Bangladesh's seaweed species:

Chlorophyta-green algae, phaeophyta-brown algae, and Rhodophyta-red - red algae are the only 3

major divisions for about 265 seaweed species of 119 genera.

Table 1: List of seaweed species that are available in Bangladesh

No | Genus Species Division Habit
. A.taxiformis (Sea Macro alga with fluffy tufts
1 Asparagopsis asparagus) Rhodophyta thallus
A. bengalicum Mlcro alga with loosely branched
filaments
. Micro alga with loosely branched
A. crassipes .
_ filaments
2 Acrochaetium A. nurulislamii Rhodophyta Macro alga with filamentous
A. polysporum Macro alga with filamentous
A. sagraeanum Macro alga with filamentous
A. zosterae Macro alga with filamentous
s - Macro alga with dichotomous
3 Actinotrichia A. fragilis Rhodophyta branched filaments
4 Acanthophora | A. specifera Rhodophyta Macro alga with brittle, spiny
thallus
A fragilissima Macro alga with fragile calcified
clumps thallus
Macro alga with fragile calcified
A. anceps clumps thallus
5 Amphiroa Rhodophyta - - —
- Macro alga with fragile calcified
A. rigida
clumps thallus
A. cryptarthrodia Macro alga with fragile calcified
clumps thallus
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Table-1 continued

Macro alga with branched whorl-

A. diverfens
6 Antithamnion Rhodophyta branchlets thallus
cruciatum Py Macro alga with branched whorl-
' branchlets thallus
elegans Macro alga with branched whorl-
7 Antithamnio- - e1eg Rhodophvta branchlets thallus
nella Py Macro alga with branched whorl-
. floccose
branchlets thallus
. Macro alga with prostrate or erect
. radicans thallus
8 Bostrychia Rhodophyta -
Macro alga with prostrate or erect
. tenella
thallus
. Macro alga with rapid growth
o Bangia - fuscopurpurea Rhodophyta filaments attached to small thallus
. . Macro alga with irregularly
- impudica branched thallus
. Macro alga with irregularly
10 | Catenella . nipae Rhodophyta branched thallus
repens Macro alga with irregularly
- fep branched thallus
okamura Macro alga with gelatinous single
thallus
11 Chrysymenia . agardhii Rhodophyta Macro alga with gelatinous single
thallus
. Enteromorpha Macro alga with gelatinous single
thallus
. Macro alga with irregular
. tenerrimum .
branching thallus
. fastigiatum Macro _alga with irregular
. branching thallus
12 Ceramium Rhodophyta —
racillimum Macro alga with irregular
9 branching thallus
brevizonatum Macro _alga with irregular
branching thallus
. . . M I ith free fil
13 Callithamnion . corymbiferum Rhodophyta acro_ alga with free Tilamentous
attaching small thallus
14 Champia . parvula Rhodophyta Smal I_ thallus with tufts or dense
spherical clumps
. . Macro alga with dichotomously
15 | Callophyllis . rangiferina Rhodophyta branched thallus
M I ith dich I
16 Centroceras . clavulatum Rhodophyta acro alga with dichotomously

branched thallus
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Table-1 continued

Macro alga with dichotomously

17 Chondrus C. crispus (Irish moss) | Rhodophyta branched thallus
. Macro alga with dichotomously
18 Caloglossa C. lerieuri Rhodophyta branched thallus
19 | Cottoniella C. filamentosa Rhodophyta Macro alga with threads like
filaments
20 Cthonoplastis | Cthonoplastis sp Rhodophyta
21 Crouania C. attenuate Rhodophyta Macro alga with decorticated
thallus
D. hawaiiensis L\)/Lljziﬁrotzgfuvsvlth gelatinous,
22 Dudresnaya Rhodophyta y - -
. Macro alga with gelatinous,
D. Vertiallata
bushy thallus
D. Corymbifera r::ﬁzc; alga with soft hair on erect
23 Dasya Rhodophyta - -
. Macro alga with soft hair on erect
D. pedicillata
thallus
24 Dermonema D. pulvinatum Rhodophyta Macro alga
25 Dichotomaria | D. obtusata Rhodophyta Macro alga with bushy thallus
E. cottonii :\:?E;cl)ljlsga with apical meristem
26 Eucheuma Rhodophyta - - -
. Macro alga with apical meristem
E. Subinosum .
in thallus
E. Subintegra Rhodophyta Macrg alg_a with thallus of
) creeping filaments
27 | Erythrocladia -
Macro alga with thallus of
E. carnea Rhodophyta .
creeping filaments
28 Goniotrichum | G. alsidii Rhodophyta Macro alga with filaments
G. . tenusstipitata Macro alga with solitary thallus
(ogonori)
G. textori Macro alga with solitary thallus
G. verrucose (ogonori) Macro alga with solitary thallus
o G. coronopifolia Macro alga with solitary thallus
29 Gracilaria —— Rhodophyta - -
G. spinuligera Macro alga with solitary thallus
G.canaliculate Macro alga with solitary thallus
(Bangladeshi ogonori)
G. Corticata Macro alga with solitary thallus
G. tikrahiae Macro alga with solitary thallus
G. amansii Macro alga with erect thallus
30 Gellidium - Rhodophyta g -
G. pusillum Macro alga with erect thallus
L G. tenwssiona Macro alga with tuft thallus
31 Gelidiella Rhodophyta -
G. tenera Macro alga with tuft thallus
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Table-1 continued

32 Gracilariopsis ?bragon b;g:(?::lsgl;ne;ma Rhodophyta Macro alga with erect thallus
G. fastigiate Macro alga with bushy thallus
33 | Galaxaura G. oblongata Macro alga with bushy thallus
G. rugosa Rhodophyta Macro alga with bushy thallus
Macro alga dichotomously
34 | Ganonema G. pinnatum Rhodophyta branched thallus
Macro alga with
35 Gigartina subdichotomously branched
G. intermedia Rhodophyta thallus
Rhodophyta .
Macro alga with large, soft,
36 Grateloupia G. lanceolate gelatinous blade on thallus
Macro alga with large, soft,
G. livida gelatinous blade on thallus
Macro alga with solitary or erect
H. agardhii thallus
Macro alga with solitary or erect
H. dilatate thallus
Macro alga with solitary or erect
H. venusta thallus
Macro alga with solitary or erect
H. duchassaignii thallus
Macro alga with solitary or erect
37 | Halvmeni H. discoidia Rhodophyta thallus
ymenia Macro alga with solitary or erect
H. floridana thallus
Macro alga with solitary or erect
H. floresia thallus
Macro alga with solitary or erect
H. gelinaria thallus
Macro alga with solitary or erect
H. maculate thallus
H. durvillei (dragon Macro alga with solitary or erect
tongue) thallus
H. musciformis (maiden
hair) Rhodophyta M?cro alga w?th bushy thallus
H. esperi (maiden hair) Micro alga with bushy thallus
38 Hypnea H. pannosa (maiden Micro alga with bushy thallus

hair)

H. charoides

H. aspera

Micro alga with bushy thallus

Micro alga with bushy thallus
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Table-1 continued

H. boergesenii

Micro alga with bushy thallus

H. valentiae Micro alga with bushy thallus
H. cornuta Micro alga with bushy thallus
H. flexicaulis Micro alga with bushy thallus
39 Helminthocladi Micro alga with cylindrically
a H. australis Rhodophyta branched thallus
Macro alga with prostrate delicate
. . H. dendroidea thallus
40 Herposiphonia Macro alga with prostrate delicate
H. tenella Rhodophyta thallus
41 Heterosiphonia | Heterosiphonia sp Rhodophyta Macro alga with spongy thallus
. . H.  elongata sea Macro alga with button like
42| Himanthalia spaghetti) ’ ( Rhodophyta thallus ’
. . Micro alga with vertical filaments
43 Hildenbrandia H. rubra Rhodophyta in perithgllus
] Micro alga with lumpy growth
44| Hydrolithon H. onkodes Rhodophyta dimerous thallus
Macro alga with small cushion
J. adhaerens like thallus
. Macro alga with small cushion
45 | Jania J. ungulate like thaIISs
Macro alga with small cushion
J. rubens Rhodophyta like thallus
K. cribosa Macro alga with fleshy thallus
K. tasmanica Macro alga with fleshy thallus
46 Kallymenia K. rosea Macro alga with fleshy thallus
K. rubra Rhodophyta Macro alga with fleshy thallus
K. perforate Macro alga with fleshy thallus
K. alvarezii (sea moss/ Macro alga with tough, coarse
47| Kappaphyeus | o) ( Rhodophyta | fleshy the?uus ’
L. albicans Macro alga with erect thallus
L. ceranoides Macro alga with erect thallus
L. donaldiana Macro alga with erect thallus
L. hawaiiana Macro alga with erect thallus
. L. perennis Macro alga with erect thallus
48 Liagora - -
L. tetrasporifera Macro alga with erect thallus
L. valida Macro alga with erect thallus
L. viscida Macro alga with erect thallus
L. harveyiana Macro alga with erect thallus
L. ferinosa Rhodophyta Macro alga with erect thallus
49 | Laurrencia L. obtuse Rhodophyta Macro alga with tuft thallus

22



Table-1 continued

L. pinnata Macro alga with tuft thallus
L. ceranoides Macro alga with tuft thallus
50 Lophocladia L. trich(?cia'lfjos Rhodophyta Macro alga W?th f?laments
L. kuetzingii Macro alga with filaments
Macro alga with irregular, coral
51 Lithothamnion L. glaciala like thallus bu't fr'agile
Macro alga with irregular, coral
L. calcareum (mearl) Rhodophyta like thallus but fragile
Macro alga with lamellae or
59 Lithophyllum L. kotschyanum protrusions mgkes adherent crusts
Macro alga with lamellae or
L. okamurae Rhodophyta protrusions makes adherent crusts
. Macro alga with unbranched
53 Melobesia M. confervicola Rhodophyta spermata?]gial filaments.
54 | Messophylum | Messophyllum sp Rhodophyta Micro alga
55 | Neurymenia N. fraxinifolia Rhodophyta Macro alga
. Macro alga with fairly large erect
56 Nemalion N. helmithoides Rhodophyta thallus
P. umbilicalis Macro alga with sheet like thallus
P. tenera Macro alga with sheet like thallus
P. yenzoensis Macro alga with sheet like thallus
P. deoica Macro alga with sheet like thallus
57 Porp_hyra P. pur_pL_Jrea Rhodophyta Macro alga w?th sheet I?ke thallus
(Nori) P. lacinitata Macro alga with sheet like thallus
P. leucosticte Macro alga with sheet like thallus
P. pseudolinearis Macro alga with sheet like thallus
P. indica Macro alga with sheet like thallus
P. vietnamensis Macro alga with sheet like thallus
. . Macro alga with bilaterally
58 Pterosiphonia P. pennata Rhodophyta symmetrical thallus
59 Palmaria P. palmata (dulse) Rhodophyta Macro alga with leathery thallus
Micro alga with fine-branched
P. denudate filaments
Macro alga with fine-branched
. . P. mollis filaments
00 Polysiphonia Macro alga with fine-branched
P. harveyii Rhodophyta filaments
Macro alga with fine-branched
P. scheideri filaments
61 Peyssonellia Macro alga with crust-like
P. polymorpha Rhodophyta irregularly rounded thallus
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S. complanate

Macro alga with dichotomously
branched thallus

62 | Scinaia Macro alga with dichotomously
S. japonica Rhodophyta branched thallus
63 | Sacronema S. jurcellatum Rhodophyta Micro alga
Micro alga with aseptate stipe
64 | Struvea S. anastomonas Rhodophyta thallus
. Macro alga with cylindrical
65 | Solieria S. robusta Rhodophyta thallus
66 Spermotham-
nion S. repens Rhodophyta Macro alga with filaments
. . Macro alga with soft, bushy
67 | Tolypiocladia T. glomerulata Rhodophyta thallus
68 | Titanophycus T. Validus Rhodophyta Macro alga
69 | Tricleocarpa T. cyIier_rica Macro alga w?th bushy thallus
T. fragilis Rhodophyta Macro alga with bushy thallus
70 | Vanvorsita V. coccinea Rhodophyta Macro alga
71 Falkenbergia F. hillebrandii Rhodophyta Macro alga
72 | Agarophyton Agarophyton sp Rhodophyta Micro alga with filaments
73 | Ascophyllum A.nodosum (goemon) Phaeophyte Macro alga with leathery thallus
Phaeophyte Macro alga with hollow and crisp
C. peregrina thallus
74 Colpomenia Macro alga with hollow and crisp
C.ramosa thallus
Macro alga with hollow and crisp
C. sinusa thallus
75 | Chnoospora C. implexa Phaeophyte Macro alga with creeping thallus
Phaeophyte Macro alga with small creeping
D. bratatresii thallus
Macro alga with small creeping
D. dichotoma thallus
Macro alga with small creeping
D. divaricate thallus
76 | Dictoyota o Macro alga with small creeping
D. friabilis Phaeophyte thallus
Macro alga with small creeping
D. patens thallus
Macro alga with small creeping
D. ciliolate thallus
Macro alga with small creeping
D. atomaria thallus
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Table-1 continued

D. menstrualis

Macro alga with small creeping
thallus

Macro alga with small creeping

D. flabellate thallus
. _ D. australis Phaeophyte Macro alga with erect thallus
77 Dictyopteris - -
D. divarcatum Macro alga with erect thallus
Phaeophyte Micro alga with highly branched
E. breviarticulatus filaments
Micro alga with highly branched
8 Ectocarpus E. rhodochortonoides filamentg i
Micro alga with highly branched
E. siliculosus filaments
N Phaeophyte Micro alga with branched and
7 Eisenia E. bicyclis P featherec?stipe
F. columellaris Phaeophyte Micro alga with filamentous tuft
. F. elachistaeformis Micro alga with filamentous tuft
80 Feldmannia — - —
F. india Micro alga with filamentous tuft
F. vaughani Micro alga with filamentous tuft
G. conifera Phaeophyte Micro alga with filaments
G. irregularis Micro alga with filaments
81 | Giffordia G. mitchellae Micro alga with filaments
G. rallsae Micro alga with filaments
G. thyrsoideus Micro alga with filaments
H. clathratus (sponge | Phaeophyte
82 | Hydroclathrus | seaweed) Macro alga with perforate thallus
H. tenuis Macro alga with perforate thallus
83 | Ishigae I.okamurae Phaeophyte Macro alga
. Phaeophyte Micro alga with unicellular
84 Isochrysis l.galbana oY microtub%lar filamentous thalloid
85 Lobophora _ Phaeophyte Macro alga with erect ruffled
L. variegate thallus
86 Macrocystis _ Phaeophyte Macro alga with long braching
M. pyrifera blade
87 | Myriactula M. arabica Phaeophyte Macro alga
88 Nannochlorops Phaeophyte
is Nannochloropsis sp single cell algae
P. australis Phaeophyte Macro alga with leaf-like thallus
P. tenuis Macro alga with leaf-like thallus
89 | Padina P. gymnospora Macro alga with leaf-like thallus
P. pavonica Macro alga with leaf-like thallus
P. boryana Macro alga with leaf-like thallus
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Table-1 continued

P. usoehtunni Macro alga with leaf-like thallus
P. sanctae-crucis Macro alga with leaf-like thallus
P. tetratsromatica Macro alga with leaf-like thallus
P. vickersiae Macro alga with leaf-like thallus
P. arborescens Macro alga with leaf-like thallus
P. fraseri Macro alga with leaf-like thallus
P. antillarum Macro alga with leaf-like thallus
. Phaeophyte Macro alga with leaf-like
%0 Petalonia P. fascia clustered thallus
91 R. intricate Phaeophyte Macro alga with erect thallus
Rosenvingea R. orientalis Macro alga with erect thallus
R. sanctae-cruicis Macro alga with erect thallus
92 | Ralfsia R. fungiformis Phaeophyte Macro alga with erect thallus
Macro alga with large flattend
93 | Spatoglossum S. asperum Phaeophyte thick coarse thallus
. Phaeophyte Macro alga with smooth broad
94 | Stypopodium S. zonale bladed thallus
. S. tribuloides Phaeophyte Micro alga with filaments
95 | Sphacelaria - - ——
S. nova-hollandiae Micro alga with filaments
Phaeophyte Macro alga with highly branched
S. caryophyllum thallus
Macro alga with highly branched
S. flavicans thallus
Macro alga with highly branched
S. ilicifolium thallus
Macro alga with highly branched
S. piluliferum thallus
Macro alga with highly branched
S. vulgare thallus
Macro alga with highly branched
% | Sargassum S. wightii thallus
Macro alga with highly branched
S. coriifolium thallus
Macro alga with highly branched
S. crassifolium thallus
Macro alga with highly branched
S. oligocystum thallus
Macro alga with highly branched
S. platycarpum thallus

. myriocystum

Macro alga with highly branched
thallus
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Table-1 continued

S. filipendula

S. arnaudianum

S. swartzii

S. tenerrimum

Macro alga with highly branched
thallus

Macro alga with highly branched
thallus

Macro alga with highly branched
thallus

Macro alga with highly branched
thallus

. taxifolia

Macro alga with rubbery thallus

97 | Skeletonema Skeletonema sp Phaeophyte Diatom
. U. pinnatifida | Phaeophyte
%8 Undaria (wakame) Macro, thallus
Phaeophyte Macro alga with large leathery
L. japonica (kombu) thallus
99 Laminaria L. digitate (kombu Macro alga with large leathery
breton) thallus
L. saccharina (kombu Macro alga with large leathery
royal) thallus
. Macro alga with large and
100 | Acetabularia A.catyculus Chlorophyta unicelluler root, stem and leaves
Macro alga with erect filamentous
101 | Boodl .
0 oodlea B. composite Chlorophyta thallus
. Macro alga with filamentous
102 | B -
0 ryopsts B. indica Chlorophyta bushy thallus
103 | Boodliopsis B. sundarbanensis Chlorophyta
C. aerae Micro alga with filaments
C. brachygona Micro alga with filaments
104 | Chaetomorpha | C. gracilis Micro alga with filaments
C. linum Chlorophyta Micro alga with filaments
C. moniligera Micro alga with filaments
C. macrophysa Macro alga with rubbery thallus
C. Mexicana Macro alga with rubbery thallus
C. peltate Macro alga with rubbery thallus
C. racemosa (sea grape) Macro alga with rubbery thallus
105 | Caulerpa C. sertularoides Macro alga with rubbery thallus
C
C

fergusonii
feather)

(green

C. cactoides

C. sealpelliformis

Chlorophyta

Macro alga with rubbery thallus

Macro alga with rubbery thallus

Macro alga with rubbery thallus
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Macro alga with rubbery thallus

C. okamurae
C. chemnitzia Macro alga with rubbery thallus
C. echinus Macro alga with filaments
C. patentiramea Macro alga with filaments
C. sakaii Macro alga with filaments
C. vagabunda Macro alga with filaments
106 | Cladophora C. crispula Chlorophyta Macro alga with filaments
C. prolifera Macro alga with filaments
C. herpestica Macro alga with filaments
C. laetevirens Macro alga with filaments
C. gracilis Macro alga with filaments
C. geppei Macro alga with creeping thallus
107 | Codium C. fragile Macro alga with creeping thallus
C. extricatum Chlorophyta Macro alga with creeping thallus
Macro alga with
108 | Cladophorella pseudodichotomously branched
C. calcicole Chlorophyta thallus
109 | Chlorella Chlorella sp Chlorophyta single cell algae
. . Macro alga with tough, solid
11 D h .
0 Ictyosphaeria D. cavernosa Chlorophyta cushion like thallus
E. clathrate Macro alga with filaments
E. compressa Macro alga with filaments
Entero_morpha E. intestinalis Macro alga with filaments
111} (aonori/ green lif Macro alga with filaments
string lattuce) |- Prolifera Chlorophyta gawin i
E. moniligera Macro alga with filaments
E. torta Macro alga with filaments
Macro alga with compact erect
H. discoidea thallus
Macro alga with compact erect
H. opuntia thallus
112 | Halimeda 3 Macro alga with compact erect
H. gracilis thallus
Macro alga with compact erect
H. minima Chlorophyta thallus
Macro alga with compact erect
H. tuna thallus
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Table-1 continued

113

Halodula

Macro alga with root, erect stem

H. universis Chlorophyta and leaves.
L. capillaris Micro alga
114 | Lola L. implexa Micro alga
L. tortuosa Chlorophyta Micro alga
. Micro alga with filamentous,
115 | Phyllodictylon P. anastromosans Chlorophyta erect thallus
Macro alga with finely branched
R. grade or filamentous
Macro alga with finely branched
. ) R. hookeri or filamentous
116 | Rhizoclonium Macro alga with finely branched
R. kerneri or filamentous
Chlorophyta Macro alga with finely branched
R. riparium or filamentous
117 | Tetraselmis Tetraselmis sp Chlorophyta single cell algae
Macro alga with flat and blade
U. lactuca (sea lattuce) thallus
U. intestinalis (gut Macro alga with flat and blade
weed) thallus
Macro alga with flat and blade
U. compressa thallus
Macro alga with flat and blade
118 | Ulva U. conglobate thallus
Macro alga with flat and blade
U. fasciata thallus
Chlorophyta Macro alga with flat and blade
U. reticulata thallus
U. linza (mini sea Macro alga with flat and blade
lattuce) thallus
119 | Valoniopsis Macro alga with stiff, coarse

V. pachynema

Chlorophyta

filamented thallus
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Chapter 3

The Pharmacologically active components of Bangladeshi seaweeds:

Being readily accessible compared to synthetic products, natural origin products were once the
cornerstone of the pharmaceutical armamentarium. In the last few decades, marine algae and their
remarkable primary and secondary metabolites have gained recognition for their potent therapeutic
properties, attributed to the diverse adaptation strategies that enable these algae to thrive in harsh
conditions and produce a myriad of secondary metabolites (Dahms and Dobretsov, 2017),
(Levasseur et al., 2020). The nutritional composition of algae is characterized by a spectrum of
components, comprising lipids (1-5%), proteins (5-47%), polysaccharides (15-76%), and minerals
(7-36%). Significantly, the protein content demonstrates considerable variability across different
types of seaweeds: red seaweeds range from 10-30% of dry weight, brown seaweeds contain 5-
15%, and green seaweeds display a diverse range of 3-47%, influenced by seasonal variations. The
highest concentration is found during winter- early spring and the lowest during summer- early
autumn. Marine algae have a high percentage of beneficial lipids and polyunsaturated fatty acids,
even though their overall lipid content is low. Moreover, Seaweeds are abundant with pigments
and vitamins including vitamins A, B, B12, D, E, K, and B-carotene. Seaweeds, rich in iodine,
offer a preferable alternative to iodized salt and drugs in regulating thyroid hormone production.
This is particularly beneficial for individuals facing mental health and thyroid issues due to iodine

deficiency (Silva et al., 2020).

Due to their potential, marine chlorophytes, phaeophytes, and rhodophytes are already viewed as
crucial assets in the drug industry. Further discussion delves into the actions or applications of
certain naturally promising pharmacologically active products extracted from both macro and

microalgae found in the marine environment of Bangladesh:
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3.1 Polysaccharides:
Constituting polymers of recurrent monomeric carbohydrate units interconnected through
glycoside linkages, polysaccharides represent intricate molecular structures. Functioning as the
primary structural components of the algal cell wall, these compounds contribute to its rigidity and
strength, with marine algae predominantly featuring sulfated polysaccharides that distinguish them
from plant polysaccharides (Bhowmick et al., 2020). These compounds constitute a category of
biopolymers, with their content and structure subject to variation based on factors such as algae
type, growth location, climatic conditions, harvesting season, extraction method, and various other
influences (Hmelcov et al., 2018). On a dry weight basis, the carbohydrate content exhibited a
considerable variation, ranging between 36% and 63% (Khan et al., 2016). The enzymatic
degradation of sulfated polysaccharides entails a series of enzymes capable of cleaving glycosidic
bonds and removing sulfate groups from the carbohydrate backbones (Helbert, 2017).
Carbohydrates from Marine-derived like alginic acid, fucoidan, carrageenan, agar, etc., possess
diverse bioactive properties, such as anticoagulant, anti-tumor, and immune-modulatory effects.
These compounds are promising for applications in drug delivery, wound management, and
regenerative medicine, contributing to their significance in medicinal and nutraceutical fields
(Amorim, 2012). The sulfated polysaccharides found in algae serve as natural mimics of heparan
sulfates. Fucoidans and carrageenans can imitate the actions of endogenous factors, regulating the
functions of microorganism systems by interacting with crucial cell and enzyme receptors.
Additionally, they can bind to various receptors on host cell surfaces, competing with viruses for

glycoprotein receptors (\Wang et al., 2012)
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3.1.1 Fucoidans

Highly sulfated and typically possessing a branched structure, fucoidans represent a distinct class
of polysaccharides found in marine environments (Kusaykim and Zvyagintseva, 2014). Fucoidans
are commonly present in brown seaweeds, Oligosaccharides are obtained from the hydrolysis of
fucoidans (contain glucose, galactose, fucose, mannose, uronic acid, xylose, and other
monosaccharides, di or tri-saccharides unit, linked together and to the main chain by different types
of glycosides bonds) (Raposo et al., 2015). The intricate structure of fucoidans poses challenges
in establishing a direct correlation between their polysaccharide composition and biological
actions. This complexity hinders the design of universal pharmaceuticals or drug-like substances
for the treatment of specific diseases. Sulfated polysaccharide Fucoidans, extracted from C.
okamurans prevents biofilm formation, in addition to the gastric mucosa and expression of other
virulent factors that are involved in its infection process. Due to their minimal toxicity and
biocompatible characteristics, these fucoidans are well-suited for use in nutritional supplements,
proving effective in treating and eradicating H. pylori infections (Besednova et al., 2015). Fucans,
Galactans, and galactofucans from brown and red seaweeds, with varying structures, sulfation
levels, and molecular weights, have proven effective in inhibiting both HSV-1 and HSV-2
infections (Harden et al., 2009). Fucoidans treatment lessened flu symptoms' severity and
alleviated lung pathology. Investigating the antiviral effects of fucoidan from L. japonica against
the H5N1 influenza virus revealed its ability to suppress the virus's infection properties
(Mekarenkova et al., 2010). Human skin melanoma cell lines and colon cancer cells were treated
with fucoidan from S. hornerii and C. costata, and it demonstrated antitumor activity (Ermakova
et al., 2011). Fucoidans also exhibited antitumor activities in the breast carcinoma cell by the

influence of epithelial-mesenchymal transition (Hsu et al., 2013). Fucoidans from C. okamurans
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induce apoptosis, exhibiting anti-proliferative effects in myeloid cancer and leukemia cell lines,
suggesting their potential as alternative therapeutics for adult T-cell leukemia (\Wijesekara et al.,
2011). Fucose from brown algal cell walls modulates metastasis, atherosclerosis, and angiogenesis,
in human lymphoma cell lines, involving the activation of caspase-3 and downregulation of kinase
(Alsaetal., 2005). The antiadhesive characteristics of fucoidans may elucidate their anti-metastatic
effects, as they are capable of hindering the adhesion of tumor cells to platelets, thereby reducing
the potential for neoplastic cell proliferation (LI et al., 2008). Sulfated polysaccharides derived
from E. kurome exhibit a correlation between higher anticoagulant activities and specific structural
features, where fucans with greater molecular weight and an elevated content of both fucans and
sulfate groups demonstrate the most pronounced anti-coagulant effects compared to those with
lower molecular weight (Rocha et al., 2005). Fucoidan's anti-inflammatory capabilities in
hypercholesterolemic rats have been documented, fucoidan extracted from S. wightii and
commercial fucoidan from F. vesiculosus, obtained through hot water extraction, resulted in a
reduction of inflammatory biomarkers such as C-reactive protein and TNF-a in both cardiac tissue
and plasma (Preetha et al., 2010). Derived from two separate macroalgae species, Dictoyta sp and
Turbinaria sp, the extracted fucoidan exhibited a capacity to inhibit HIV, suggesting the
prospective application of these compounds from marine sources in the advancement of strategies

targeting viral infections (Sanniyasi et al., 2019).

3.1.2 Laminarin:

Laminarin, a sulfated polysaccharide derived from brown algae, demonstrated growth inhibition
against Micrococcus luteus, Escherichia coli, Salmonella typhimurium, Salmonella enterica,

Klebsiella pneumoniae and Pseudomonas aeruginosa, with MIC values ranging from 20 to 40
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mg/ml. Furthermore, the application of cream containing laminarin demonstrated effective in vivo
Tissue regeneration in rats, characterized by Wound closure, regeneration of epithelial cells, and
full restoration of skin tissue (Sellimi et al., 2018). The utilization of ultrasound-assisted extraction
and purification for laminarin from L. hyperborea and A. nodosum revealed extensive antibacterial
activity against both gram-positive and gram-negative bacteria, accompanied by significant
antioxidant properties (Kadam et al., 2015). Given Laminarin's potent antioxidant properties, it has
the potential to safeguard human health against injuries caused by reactive oxygen species (ROS),
which may contribute to conditions like neurodegenerative diseases, cancer, inflammatory, and
diabetes, as well as aging-related disorders including Alzheimer's and cardiovascular diseases.
Laminarin has the potential to decrease the appearance of metastasis in vivo by inhibiting the
activity of heparanase, an enzyme involved in the breakdown of the principal polysaccharide
constituent within the basal membrane and extracellular matrix. The regulation of this enzyme's
expression is acknowledged to be associated with the process of tumor metastasis (Chattopadhayay
et al., 2010). Furthermore, this product has been employed to bolster and augment the immune
system. Laminarin extracted from E. bicyclis displayed anticancer effects by impeding cell
proliferation, prompting apoptosis, and causing cell cycle arrest at the sub-G1 phase in cell lines
associated with ovarian clear cell carcinoma and papillary serous adenocarcinoma (Bae et al.,
2020). Laminarin and its sulfated counterpart demonstrated promising in vitro anticancer potential
against human malignant melanoma cells. Furthermore, these substances showcased a suppressive
impact on the formation of colonies in human colon cancer cell lines and displayed cytotoxic
properties against a diverse range of carcinoma cell lines. Additionally, activation of Caspase- 3,
Caspase- 6, Caspase- 7, Caspase- 8, and Caspase- 9 and increased release of cytochrome were

observed following the treatment with Laminarin and its analogs (Ji et al., 2013)
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3.1.3 Carrageenans:

Carrageenans, belonging to the category of sulfated polysaccharides found in red algae, feature a
chemical structure characterized by a disaccharide repeating unit composed of two D-galactose
residues linked by B-1,4 glycosidic bonds. The assembly of these units into polysaccharides occurs
through a-1,3 bonds (Yermak et al., 2014). Substituents can be other monosaccharides (mannose,
xylose), sulfate, methoxy, and pyruvate groups, the pattern of sulfation dividing carrageenan into
different families, for example, in C-2 for A-carrageenan and C-4 for k-carrageenan. Red seaweeds
are good sources of k-carrageenan (E. spinosa, K. alvarezii), t-carrageenan (E. spinosa), A-
carrageenan (C. crispus, G. skottsbergii) (Funami et al., 2007). Of the various biological properties
exhibited by these sulfated polysaccharides, their antiviral, immunomodulatory, anticoagulant,
antitumor, and anti-ulcer activities are currently the most noteworthy. A variety of eukaryotic cell
proteins are interacted with by sulfated polysaccharides, resulting in a multi-directional impact on
the body's immunomodulators. The immunostimulatory properties of carrageenan extracted from
Chondrus sp, revealed that variants with lower molecular weights exhibited enhanced efficacy in
stimulating the immune system (Zhou et al., 2004). The significant soluble fiber, carrageenan, is
noteworthy as the intake of Products enriched with dietary fiber derived from macroalgae is
recorded to foster health advantages. These advantages encompass the mitigation of conditions
like colon cancer, type Il diabetes, obesity, and cardiovascular diseases (Jimenez- Escrig and
Sanchez, 2000). Brief carrageenan supplementation notably influenced the lipid profile in ischemic
heart disease patients. Prophylactic use of carrageenan as a dietary supplement in the
comprehensive therapy of IHD patients led to a significant decrease of 16.5% in plasmatic total
cholesterol (TC) levels and 33.5% in LDL-cholesterol (LDL-C) compared to initial measurements

(Sokolva et al., 2014). Certain types of carrageenan, with no significant anticoagulant properties
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or cytotoxicity, may be suitable for use in vaginal lubricant gels and as coatings for condoms,
given their virucidal activity against HIV and other STD-associated viruses, including HPV
(Raposo et al., 2015). They can be transformed into porous structures, membranes, or fibers,
serving diverse biomedical purposes, alongside their function as hydrogels (Popa et al., 2011).
Carrageenan is acknowledged for eliciting robust inflammatory and carcinogenic effects.
However, some carrageenan stimulates the activity of macrophages, while others inhibit
macrophage activities (\Wijesekara et al., 2011). Directly targeting alveolar macrophages with
carrageenan is an intriguing possibility. Clinical trials have been completed for t-carrageenan, and
a nasal spray based on it is now available in Europe for the treatment of viral infections in the
human respiratory tract. Nasal congestion symptoms, such as runny nose, cough, and sneezing, are
significantly reduced by this sulfated polysaccharide (Ludwig et al., 2013). Due to their high
molecular weight, carrageenans are unable to pass through the body's barriers. Consequently, they
establish a physical barrier in the nasal cavity, effectively preventing respiratory viruses, including
the flu virus. Carrageenan types (A, k, t) hinder the interaction between viruses and cells, inhibiting
the formation of syncytium induced by influenza A viruses (Damonte et al, 2004). Inflectional
animals' respiratory organs have a reduced spread of the virus due to Carrageenan's effect on the

surface epithelium

3.1.4 Ulvans:

The structural integrity of the green algae cell wall is primarily attributed to polysaccharides,
wherein L-rhamnose 3-sulfate is commonly linked to disaccharide modules, with a notable
preference for association with Ulvabiouronic acid unit A, Ulvabiuronic acid unit B, ulvabiose unit
A, or ulvabiose unit B, thereby forming a complex and robust matrix. The predominant recurring

disaccharide units identified in ulvan are ulvanobiouronic acid-3 sulfate, characterized by the

38



presence of either glucuronic acid or iduronic acid, constituting a repetitive and structurally
integral motif within the ulvan polysaccharide framework (Lahaye and Robic, 2007) (Lahaye and
Ray, 1995) The Ulvaceae family, known for its production of ulvans, exhibits distinct and wide-

ranging pharmacological applications, including potential uses in formulating functional foods.

Ulvan derived from U. rigida stimulates the production of nitric oxide and enhances the synthesis
of cytokines in macrophages (Raposo et al., 2015). Strong antioxidant power is exhibited by ulvans
from U. fasciata, characterized by lower sulfate content, while the antioxidant activity in E. linza
and other seaweeds is dependent on sulfate. The primary antioxidant action of ulvan is achieved
by either scavenging free radicals like superoxide, hydroxyl, and 1,1-diphenyl-2-picrylhydrazyl
(DPPH) or by preventing their formation (\Wang et al., 2014). After four weeks of orally
administering ulvan from U. fasciata to hypercholesterolemic rats, no adverse effects were
observed, and a notable reduction in serum lipid levels, including TC, TG, LDL-C, and VLDL-C,
was noted (Borai et al., 2015). Intragastric administration of ulvans from U. lactuca in
hypercholesterolemic rats significantly increased HDL-C levels by 180% compared to oral
administration (Hassan et al., 2011). Ulvans derived from Ulva spp. demonstrate anti-peroxidative
properties, effectively shielding liver tissue against hyperlipidemia and providing protection to
injured tissues from the detrimental effects of oxidative stress. SOD and catalase were regulated,
vitamins E and C were increased, glutathione was reduced, and the levels of aspartate and alanine
transaminases in the rat's liver were reduced by these sulfated polysaccharides (Sathivel et al.,
2008). U. ohnoi administration resulted in a substantial 29 mmHg reduction in systolic blood
pressure, a 24% decrease in the ultimate body fat mass, and enhancement in insulin sensitivity and
glucose utilization (Kumar et al., 2015). Porous structures, including hydrogels, nanofibers, and

particle membranes, can be produced from ulvans, derived from green algae, rendering them
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promising candidates for medical applications like wound dressing, tissue engineering, and drug
delivery. A 253 KDa high molecular weight ulvan from U. lactuca has shown inhibitory effects
on the neurotropic flavivirus JEV by blocking its adsorption and cell penetration (Shah et al.,

2020).

3.1.5 Algins/ Alginates/ Alginic acid:

Alginic acid is a polysaccharide that is derived from the cell wall of brown algae and is commonly
known as algin. A stimulating antitumor effect of nanoparticles was observed in mice bearing H22
tumors whose contained alginic acid (Miondal et al., 2020). This polysaccharide also interacts with
carcinogenic substances and heavy metals found in the intestine, working to transform these toxic
compounds into non-harmful forms (Fedorov et al., 2013). Algins exist in versatile formulations,
presenting themselves in both acidic and salt configurations. Alginic acids manifest as linear
polymers comprising two distinct uronic acids, namely f-D-mannuronic acid and a-L-guluronic

acid, intricately woven into a complex molecular structure (Dominguez, 2013).

Alginates extracted from macroalgae find diverse applications, including scaffolding for
ligaments, controlled drug release, tissue engineering, cell encapsulation, regeneration of various
human tissues, and even the preparation of dental molds. Alginate fibers are also extensively
employed in wound management (de Jesus Raposo, 2015). Alginate is a material that can be used
as a component in scaffolds for the engineering of heart valves and cardiac tissues (Hockaday et
al., 2012). Arthritic rats induced with Type Il collagen exhibited elevated levels of inflammatory
marker enzymes, including Lipoxygenase (5-LOX), Cox-2, myeloperoxidase (MPO), and
xanthine oxidase (XO), along with increased concentrations of CRP and rheumatoid factor (RF).
The activities of these enzymes and proinflammatory cytokines (TNF-a, IL-1 B, and IL-6) were

significantly reduced by alginic acid (Kumari and Kurup, 2013). Algin demonstrated a significant
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reduction in paw edema in collagen-induced arthritic rats, indicating its potential to mitigate
inflammation within joints by reducing erythema and soft tissue swelling. The selection of agar as
the chondrogenic material for poly-L lectic scaffolds was made due to its chondrogenic potential

(Gong et al., 2007).

3.2 Polyphenolic Compounds:

Polyphenols, including flavonoids, phenolic acids, tannins, anthocyanidins, catechin,
epigallocatechin, epicatechin, lignin, and Gallic acid, are abundantly accumulated in algae, with
notable concentrations of phloroglucinol and its polymer phlorotannin. Green and red algae, in
particular, exhibit a substantial presence of flavonoids, bromophenols, and phenolic acids.
Phlorotannin is predominantly present in brown algae, with lower concentrations in red algae
(1.8%-3.2%), and even fewer amounts are found in green algae (Machu et al., 2015). Algae
primarily produce these compounds as secondary metabolites, consisting of a variety of chemical
compounds connected to multiple hydroxyl groups and bonded to benzene rings (\Waterman and
Mole, 1994). Polyphenolic compounds possess the ability to decrease the mitotic index and
diminish the cellular proteins essential for the proliferation and formation of cancer cell colonies.
The edible seaweed P. palmata, abundant in polyphenols with potential antioxidant and anticancer
properties, inhibits xenobiotic metabolizing enzymes, disrupting the mitotic process in the
telophase and causing cell division disruption (Khalifa et al., 2019). These compounds have
garnered acclaim for their commendable anti-allergic, antidiabetic, antioxidant, radioprotective
effects, and antitumor, as well as their prowess in combating fungal infections, and malaria, and
exhibiting remarkable anticancer properties, collectively underscoring their multifaceted and
positive impact on diverse biological systems. The antibacterial properties imparted by

polyphenols through interacting with multiple sites of bacterial cells like disrupting membrane
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permeability, inhibiting enzymes of different metabolic pathways, binding to surface adhesive

molecules, etc (Bhowmick et al., 2020).

3.2.1 Phlorotannin:

Exclusive to brown algae, phlorotannins are phenolic compounds composed of dehydro-oligomers
or dehydro-polymers of phloroglucinol with molecular weights ranging from 126-650 kDa. They
display diverse molecular arrangements, including variations in the structure linkages between
phloroglucinol units (aryl-aryl or di-aryl ester bonds) and the number of hydroxyl groups (Freile-
Peleguin and Robledo, 2013). Physodes inside algal cells contain them and they are produced
through the acetate-malonate pathway, accounting for up to 25% of their dry weight (Ragan et al.,
1986). Phlorotanins have been found to contain various compounds, including eckol, diekol,

phlorofucofuroeckol A, phloroglucinol, and others (Li et al., 2011).

Phlorotannins, through their antibacterial prowess, engage in intricate interactions with bacterial
enzymes integral to essential metabolic pathways and membrane proteins, thereby disrupting
oxidative phosphorylation processes and precipitating the lysis of bacterial cells, underscoring a
multifaceted mechanism of action in their antibacterial activity. Oligomeric phlorotannins from F.
vesiculosus, comprising 3-8 Phloroglucinol units, exhibited a significant bacteriostatic impact on
pathogenic Gram-positive bacteria like S. aureus and S. pneumoniae, in contrast to the tested
Gram-negative bacteria (Bogolitsyn et al., 2019). The antibacterial activity of Phlorotannins from
E. bicyclis was found against Propionibacterium acnes, which is resistant to antibiotics. The
deleterious impact of algal phlorotannins extends across the spectrum of microbial life, as these
compounds exhibit the capability to inflict damage and induce mortality in both aerobic and
anaerobic bacteria, reflecting their broad-spectrum antibacterial efficacy. Phlorotannins from L.

digitata were studied for their effects on a mixed anaerobic microbial culture. Exposure to
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phloroglucinol caused membrane dysfunction, leading to the detachment of the cytoplasmic
membrane from the cell wall in bacterial cells. Phlorotannins and their derivatives are proposed to
play a role in the advancement of naturally sourced antibiotics, effectively targeting multidrug-
resistant bacteria. Indications suggest that phlorotannins and their derivatives may play a role in
the creation of naturally derived antibiotics targeting multidrug-resistant bacteria. Notably, eckol,
phlorofucofuroeckol A, and dieckol, all phlorotannins, could potentially demonstrate ACE-I
inhibitory activity. This is significant as ACE-I inhibition is an established strategy in hypertension
treatment (Hierholzer et al., 2013), (Jung et al., 2006). Phlorotannins from Sargassum japonica
and Sargassum hornerii show strong antioxidant activity, while those from Halimeda sp
effectively protect against LDL oxidation. Additionally, in an animal model, phloroglucinol, eckol,
and dieckol demonstrated the ability to inhibit acetic acid-induced hyperpermeability and
carboxymethyl cellulose-induced migration of leukocytes (Kim et al., 2012). Phlobotannin,
typically found in higher plants, has been observed in seaweeds such as S. coriifolium, S. wightii,
and H. musciformis collected in Bangladesh (\Widner-Wells et al., 1998). The combination of
fucofuroekol-A from E. bicyclis with streptomycin synergistically affects Listeria strain, which is
a common causative agent of various severe diseases linked to the consumption of contaminated

foods (Kim et al., 2017).

3.2.2 Flavonoids:

Flavonoids stand out as crucial natural phenolic compounds, valued for their diverse biological
and chemical activities, which encompass free radical scavenging and antioxidant properties
(Kahkonen et al., 1999). Excessive ROS can cause oxidative stress, linked to incurable conditions
like Alzheimer's, chronic fatigue syndrome, autism, Parkinson's, infection, cancer, and heart

failure. Removing ROS is crucial to defend against these diseases, and flavonoids (powerful
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natural antioxidants) play a key role in boosting immunity, and can also be used for antitumor
activities (Sobuj et al., 2020) (Aziz et al., 2020). Flavon-3-ols, encompassing catechins present in
various red algae, hinder telomerase activity in colon cancer cells (HT29) and monoblastoid
leukemia cells, resulting in cellular demise. Telomerase is crucial for preserving the termini of
telomeres 30 in cancer cells, a characteristic absent in normal cells (Yoshei et al., 2000). S. wightii
stands out as a botanical entity rich in flavonoids, contributing substantively to its antioxidant
activity and affirming its potential as a source of compounds that can counteract oxidative stress
(Kumari and Kurup, 2013). Flavonoids extracted from G. gracilis and N. oculata have exhibited
noteworthy antioxidant capabilities against specific respiratory viruses. The significance of this
activity lies in its capacity to diminish the production of ROS, leading to a reduction in
inflammation. Consequently, it contributes to the alleviation of lung and tissue damage while
concurrently preserving the functionality of the epithelial tissue (Alam et al., 2021). Flavonoids
from G. tenuistipitata and P. tetrastromatica neutralize excess free radicals, protecting cellular
structures. Maintaining a balance of antioxidants is vital for overall well-being, and in this regard,
flavonoids may outperform synthetic antioxidants (Sobuj et al., 2021). Flavonoids have versatile
applications in skincare, featured in moisturizers, protective agents, body ointments, face masks,
anti-aging products, radical scavengers, and formulations targeting immune stimulation,
histamine-related inflammation, and issues like age spots and skin elasticity. They also play a role
in oral care and maintaining skin texture (Pereira, 2018). The mitotic index is reduced, and the
levels of cellular proteins crucial for cancer cell proliferation and colony formation are diminished

by flavonoids (Khalifa et al., 2019).

The extracted gallic acid derived from G. acerosa emerges as a bioactive agent exhibiting efficacy

against S. aureus, a pathogenic bacterium associated with food-borne toxicoinfective incidents,
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thereby presenting a rationale for its potential application in mitigating the gastrointestinal distress

characterized by symptoms such as diarrhea and vomiting (Estevinho et al., 2008).

3.3 Terpenes:
Terpenes are hydrocarbon compounds formed from 5- carbon isoprene units assembled to generate
a vast range of skeletons, which are used by various enzymes to conjugate functionality and alter
oxidation. These cyclic molecular can be categorized as monoterpenes, diterpenes, triterpenes,
tetraterpenes, sesquiterpenes, and sesterterpenes based on the isoprene units it contains (Kandi et
al., 2015). While terrestrial plants typically synthesize these compounds through mevalonic acid-
dependent pathways, algae employ mevalonic acid-independent pathways for terpene synthesis

(Bhowmick et al., 2020).

Brominated terpenes sourced from diverse algae display broad-spectrum activity against viruses,
bacteria, and malaria, with Bromophycolides J-Q, extracted from C. serratus, exhibiting notable
antibacterial effectiveness against MRSA, Enterococcus, and M. tuberculosis (Lane et al., 2009).
Isolated from S. coronopifolius, sphaerane bromoditerpenes and sphaerodactylomelol have been
found to inhibit the growth of S. aureus, E. coli, and P. aeruginosa, demonstrating highly specific
anti-proliferative properties. Strong antimalarial activity against chloroquine-resistant P.
falciparum was observed with 12S-hydroxybromosphaerodiol and Sphaerococcenol A, two other
bromoditerpenes from the same algae (Rodrigeues et al., 2015) (Etahiri et al., 2001). Present in the
chlorophyll of Halimeda sp, Sargassum sp, Kappaphycus sp, and Padina sp, the diterpene alcohol
Phytol has exhibited inhibitory effects on both a-glucosidase and DPP-4, thereby revealing
substantial therapeutic potential for individuals with diabetes (Chin et al., 2019). Derived from
Sargassum sp, the meroterpenes sargachromanols J and R exhibit growth-inhibiting effects on

colon cancer cells, whereas Sargachromanol E from the same source induces apoptosis in the colon
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cancer cell line. S. zonale's zona quinone acetate was also effective in preventing the growth of
colon cancer cells. Fubenatolide B, obtained from a distinct Sargassum species, demonstrated
inhibitory effects across different cancer cell lines, including breast, colon cancer, and lung,
through the induction of apoptotic cell death (Zbakh et al., 2020). H. tuna derived habitual, a novel
diterpene aldehyde, showed effects against Coronavirus in vitro (Koehn et al., 1991). Brominated
diterpenes, specifically Isopargurene and its partner, derived from J. rubens, exhibited potent
antihelmintic activities against Allolobophora sp, surpassing the efficacy of the reference drug

mebendazole (Awad, 2004).

3.3.1 Sesquiterpenes:

Sesquiterpenes consist of three isoprene units, the backbone of the C15 carbon. The varied
properties exhibited by these compounds indicate activity against multiple targets, thereby opening
new avenues for therapeutic applications. Neophytadiene, isolated from U. lactuca, demonstrates
activity against drug-resistant bacterial strains such as K. pneumonia, S. aureus, and E. coli (Anjali
et al., 2019). Caulerpal A and B, in conjunction with caulerpin extracted from C. taxifolia, have
been recognized as inhibitors of human protein tyrosine phosphatase, showcasing properties
indicative of anti-cancer activity (Mao et al., 2006). Two sesquiterpene derivatives, namely guai-
2-en-10a-ol and guai-2-en-10a methanol, isolated from U. fasciata, exhibited significant inhibition
of Vibrio growth (Chakraborty et al., 2010). The G1 phage of the triple-negative breast cancer
(TNBC) cell line is affected by guai-2-en-10a-ol, which leads to both apoptosis and cell cycle
arrest (Laxmi et al., 2018). The anticancer activity of Laurinterol, which was isolated from L.
okamurae, was manifested in melanoma cells by a p53-dependent pathway (Kim et al., 2008). The
isolation of four fresh sesquiterpenes from L. obtusa and their evaluation against multidrug-

resistant bacteria strains, such as S. aureus, E. faecalis and P. aeruginosa was carried out (Bawakid
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et al., 2017). Iso-obtusol derived from L. majuscule demonstrated comparable antimicrobial
efficacy against S. epidermis, K. pneumonia, and Salmonella sp, when compared to commercial
antibiotics (\Vairappan, 2003). Debromolaurinterol, elatol, allolaurinterol, obtusol and
deschloroelatol, demonstrated anti-Mycobacterium activities against M. tuberculosis, M. avium,
and M. bovis, with obtusol also exhibiting activity against L. amazonensis and mentioned efficacy

against T. cruzi (Veiga-Santos et al., 2010).

3.3.2 Diterpenes:

Four units of isoprene, the backbone of C20 are called diterpene. Anti-inflammatory properties
have been demonstrated in lipopolysaccharide-stimulated cells for Neorogioltriol, a brominated
diterpenoid derived from Laurencia sp (Chatter et al., 2011). Dolabelladienetriol, sourced from
Dictyota sp, demonstrates efficacy against both promastigotes and intracellular amastigotes of L.
amazonensis. Furthermore, it exhibits effectiveness in reducing amastigotes within HIV-1-infected
human macrophages, showcasing its potential in addressing diverse infections (Soares et al.,
2012). (12Z)-cis-maneonene-D and (12E)-cis-maneonene-E, isolated from L. obtusa, actively
regulate apoptosis in neutrophils, inhibiting inflammatory responses (Ayyad et al., 2011). In P.
pavonica, B-sitosterol [(3B)-stigmasta-5-en-3-01] is utilized in steroid synthesis, and concurrently,

Campesterol reduces the permeability of biomembranes (Salem et al., 2014).

3.3.3 Triterpenoids:

Triterpenoids are composed of 6 isoprene units. Squalene, isolated alongside a-tocopherol from
C. racemosa, demonstrates antifungal properties. Dwarkenoic acid, obtained from Codium sp

along with various sterols (stigmasta-5,25-dien-3B-7a-diol, stigmasta-5,25-dien-3p-ol, androst-5-
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en-3p-ol, ergosta-5,25-dien-3pB-ol, etc.), exhibits notable inhibition of enzymatic a-glucosidase.

Loliolide and isololiolide were extracted from U. prolifera (Shah et al., 2020).

3.4 Steroid on Sterols:

Sterols, characterized by their intricate organic nature, features a core structure constructed from
four fused rings, underscoring the fundamental architecture that defines these biochemically
significant molecules. The polarity is conferred by the hydroxyl (-OH) groups at the third position
of ring A, while the aliphatic chains contribute to the overall nonpolar nature. Sterols, pivotal lipid
entities, are ubiquitously present in the cellular composition of all eukaryotic organisms,
underscoring their indispensable role in fundamental biological processes. The composition of
phytosterols, which are derived from plants, is usually complex (Bhowmick et al., 2020). Sterols
are distributed across various algal classes, with red algae being rich in Desmosterol, Cholesterol,
and its derivatives, brown algae containing Fucosterol and its derivatives, and green algae
harboring 24-ethyl cholesterol and ergosterol. Steroidal compounds, in comparison to nonsteroidal
anti-inflammatory drugs, exhibit the utmost potency in terms of anti-inflammatory activity,
highlighting their superior efficacy in modulating inflammatory responses within biological
systems (Souto et al., 2011). Antileishmanial activity against L. infantum and L. amazonensis can
be achieved through the use of fucosterol from L. vadosa (Becerra et al., 2015). Antibacterial
activity of sterols is manifested through their interaction with the negatively charged phosphate
groups in the bacterial membrane. This interaction initiates lipid exchange, inducing distortion in
membrane composition and instability in osmoregulation, ultimately culminating in cell lysis
(Kavita et al., 2014). Fucosterol, extracted from T. triquatra, L. obtusa, and, U. lectuca
demonstrated antibacterial efficacy against B. cereus, B. subtilis, K. pneumoniae, E. coli, S. aureus

and P. aeruginosa. The antibacterial activity increased with higher doses of fucosterol (Deyab,
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2013). lyengadione, an antibacterial steroidal-glycoside, along with newly discovered
iyengaroside A and B, was isolated from Codium sp. Cholesterol galactoside from the same source
also showed activity against K. pneumonia. Apoptosis can be induced in breast cancer cells by
using the sterol from C. fragile (Alves et al., 2018). C. racemosa has the most active PTPIB
inhibitory properties called (23E)-3b-hydroxy-stigmasta-5, 28-oxostigmastic steroid, 23dien-28-
one (Yang et al., 2015). Gathered from St. Martin Island in Bangladesh, Rosenvingea is abundant
in steroids, saponin, and steroidal glycosides. It demonstrates both antimicrobial and antioxidant
properties, while maintaining low cytotoxicity, indicating its promise as a candidate for the

formulation of anti-proliferative agents in cancer research (Alim et al., 2021).

3.5 Alkaloids:

Alkaloids represent a class of naturally occurring synthetic organic compounds, constituting a
diverse group of heterocyclic molecules characterized by alkali-like properties and featuring a
distinctive attribute of possessing at least one nitrogen atom within their structural framework
(Mondal et al., 2020). Pelletier defines alkaloids as cyclic organic compounds that incorporate
nitrogen in a reduced oxidation state, exhibiting a restricted occurrence within living organisms
(Shah et al., 2020). Marine algae contain four groups of alkaloids, which are phenylethylamines,
indoles, halogenated indoles, and other alkaloids (Khalifa et al., 2019). Morphine, extracted from
the terrestrial plant Papaver somniferum, holds the distinction of being the inaugural alkaloid
isolated from this source, while Hordenine claims the title of the first alkaloid discovered within
the marine alga P. nervosa, marking significant milestones in the exploration of alkaloid diversity
across botanical and marine realms (Guven et al., 1970). The bioactive compounds, including
alkaloids, in H. boergesenii were found to have moderate antioxidant activity (Dewinta et al.,

2019). The ethanolic extract from Rosenvingea sp demonstrated significant inhibitory effects in
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vitro against three Gram-positive and four Gram-negative bacteria. Notably, it produced the
highest zone of inhibition in one Gram-positive and two Gram-negative bacteria. Alkaloids
identified through phytochemical screening were implicated in hindering bacterial cytokinesis,
revealing the intricate mechanism behind the extract's bactericidal activity (Alim et al., 2021). The
inhibitory effects against P. aeruginosa, K. pneumonia, B. subtilis, S. aureus, E. coli, S.
typhimurium, S. epidermidis, etc. varied among green algae (U. lactuca, Codium sp), brown algae
(D. membranacea, S. vulgare), and red algae (Gelidium sp), as a result of differences in their
alkaloid content (Bhowmick et al., 2020). Lophocladine A and B, extracted from Lophocladia spp,
effectively exhibited growth inhibitory activity against various cancer cell lines (Gross et al.,
2006). Racemosins A and B, obtained in conjunction with caulerpin from C. recemosa,
demonstrated a neuro-protective effect against AB25-35-induced damage in SH-SY5Y cells. In
comparison to epigallocatechin gallate (EGCG), they exhibited a notable increase in cell viability,
registering a 14.6% improvement (Shah et al., 2020) Within the domain of anti-inflammatory and
analgesic medications, alkaloids emerge as effective agents for mitigating chronic and intense
pain. Distinguished among these are several isoquinoline alkaloids—barbamine, berberine, and
cepharanthine—each exerting its anti-inflammatory effects by acting as antagonists (Gonzalez-
Barnadas et al., 2020). Indanoestrol A and B, along with Caulerprenyolol B, demonstrated a
noteworthy level of antimycotic efficacy, exhibiting moderate activity against pathogenic fungi
including Trichophyton rubrum, Candida glabrata, and Cryptococcus neoformans, thereby

underscoring their potential as agents for combating fungal infections (Shah et al., 2020).
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3.6 Fatty Acids and Lipids:
The sustenance of membrane integrity and cellular organization is contingent upon the
incorporation of fatty acids as indispensable constituents within the membranes of virtually all
biological entities, highlighting their pivotal role in fundamental cellular processes. Fatty acids are
liberated from algal cells under specific conditions when the cell undergoes a loss of integrity.
This phenomenon appears to be associated with defensive responses against predators and
pathogenic bacteria. Marine microalgae and macroalgae stand as formidable reservoirs of a diverse
array of fatty acids, encompassing the likes of Eicosapentaenoic, Hexadecanoic, Hexadecatrienic,
Palmitoleic, Palmitic, Myristic, Eicosanoic acid, Stearic, Oleic, Linoleic, a-linolenic, y-linolenic,
9-hexadecenoic, 10-octadecenoic, and 13-Octadecenoic. The intricate orchestration of fatty acid
biosynthesis unfolds through the enzymatic conversion of acetyl coenzyme A (acetyl-CoA) into
malonyl-CoA, a pivotal reaction presided over by the multifaceted enzyme acetyl CoA
carboxylase. Anchored within this intricate biochemical tapestry is a principal pathway for acetyl-
CoA genesis, emanating from the metabolic intricacies of 3-phosphoglycerate (3-PG), the primary
yield of carbon dioxide fixation (Wang et al., 2009). The most effective strategy for boosting the
content of natural lipids in algae is to limit nitrogen (Guschina and Harwood, 2006) (Richmond
2004). Lipids predominantly consist of polyunsaturated fatty acids, with a particular emphasis on
®-3 and ®-6 variants, elucidating the prevalence and significance of these essential fatty acids in
the composition of lipid molecules. The lipid content in seaweed, ranging from 0.12% to 6.73%
dry weight, primarily consists of glycolipids, phospholipids, and non-polar glycolipids, with
phosphatidylglycerol predominating in green algae, phosphatidylcholine in red algae, and a
combination of phosphatidylcholine and phosphatidylethanolamine in brown algae, while the

major glycolipids include digalactosyldiacylglycerides, sulfoquinovosyldiacylglycerides and
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monogalactosyldiacylglycerides (Plougerne et al., 2014). The concentrations of Fatty acids and

lipids in red and brown algae tend to be higher.

The utilization of ®-3 PUFA extracted from Enteromorpha demonstrates potential in addressing
conditions such as hemorrhoids, parasitic diseases, goiter, cough, bronchitis, reduced fever, and
pain alleviation (Aditya et al., 2016). -3 fatty acids reduce cholesterol and fat levels in the
bloodstream while purifying the lining of blood vessels. The application of ®-3 fatty acids serves
as a therapeutic approach for inflammatory rheumatoid arthritis, heart disease, coronary
conditions, and immunodeficiency diseases (Shah et al., 2020). Biologically active compounds,
represented by three derivatives of monounsaturated fatty acids (MUFA), encompassing a keto-
type C18 fatty acid, a corresponding shorter chain C16 acid, and an amide derivative, were
successfully extracted from U. lactuca, thereby highlighting the diverse nature of the bioactive
constituents present in this marine organism (Wang et al., 2013). Isomalyngamide A and
Isomalyngamide A-1, fatty-acid amines from L. majuscula, inhibited breast cancer cell
proliferation, while Jamaicamides A, B, and C, fatty acids from the same source, showed
cytotoxicity to human lung and mouse neuroblastoma cell lines (Chang et al., 2011) (Edwards,
2004). In a study involving 485 healthy participants, supplementation with algal oil, abundant in
the (n-3) fatty acid DHA, exhibited a significant impact on cardiovascular risk factors by reducing
serum TG and elevating both HDL-C and LDL-C (Bernstein et al., 2012). The lipid profile
obtained from C. muelleri demonstrated antimicrobial efficacy, and the examination of the fraction
through HPLC-ELSD and GC-FID unveiled the existence of components such as monoglycerides,
diglycerides, triglycerides, DPA, and free fatty acids (Mendiola et al., 2007). Chlorellin, a blend
of fatty acids, was the initial antibacterial compound identified in C. vulgaris, yet it impeded the

growth of the culture. Similarly, unsaturated and saturated long-chain fatty acids extracted from S.
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costatum exhibited inhibitory activity against Vibrio spp. (Guedes et al., 2011). Antibacterial
activity against various Nosocomial bacteria such as P. aeruginosa, , S. aureus, B. cereus, B.
subtilis, E. coli, and K. pneumonia was observed in oleic acid and palmitic acid derived from T.
triquatra, U. lactuca, and L. optusa. The combination of oleic and palmitic acid exhibited the most
pronounced antibacterial efficacy against all tested bacterial strains (Deyab, 2013). Punicic acid,
classified as a conjugated linoleic acid, has been recognized for its diverse biological benefits,
encompassing properties that promote weight management, support diabetes management, exhibit
anti-inflammatory effects, demonstrate antioxidant activity, and contribute to lipid profile
improvement. (Aruna et al., 2016). PUFA ethyl esters isolated from L. okamurai exhibited activity
against C. glabrata, displaying moderate efficacy with an MIC80 of 4 pg/mL, in comparison to
the reference drugs amphotericin B (MIC80=1 pg/mL), fluconazole (MIC80=2 pg/mL), and
ketoconazole (MIC80=0.5 ug/mL) (Falkenberg et al., 2018). hexadecanoic acid, 9-hexadecanoic
acid, 10-octadecenoic acid, 13-Octadecanoic acid, and eicosanoic acid found in G. edulis inhibited
Aeromonas hydrophila and Vibrio spp (Kasanals et al., 2019) Fatty acids in seaweeds, particularly
from S. horneri, are rich sources of beneficial long-chain ®-3 and m-6 PUFAs, including EPA and
DHA. These lipids have been shown to positively impact serum levels of EPA, TC, TG, and the
LDL-C/HDL-C ratio in KK-Ay mice (Sasaki et al., 2011). Phorphyra spp and C. crispus stand out
for their valuable content of polyunsaturated fatty acids (PUFAS), soluble fiber, and sterols,
collectively contributing significantly to human health by actively participating in the reduction of
cholesterol levels, thus imparting potential preventive effects against heart diseases. The member
of Porphyridium is used for the commercial production of arachidonic acid and pigments. ®-3
PUFAs play a vital role in various neurological functions, including neurogenesis,

neurotransmission, and safeguarding against oxidative stress-induced cerebral damage. DHA and
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EPA are integral in the therapeutic approaches for conditions such as atherosclerosis, cancer,

rheumatoid arthritis, Alzheimer's disease, and more (Barneina et al., 2011).

3.7 Protein and Poly Peptides:

Algae, rich in proteins, constitute a substantial portion of essential amino acids including
methionine, valine, trypsin, leucine, lysine, alanine, phenylalanine etc. The synthesis of peptide
compounds in marine species has been greatly influenced by the action of enzymes during
hydrolysis. Two main known groups of functionally active proteins present in algae are
phycobiliprotien and lectins. Phycobiliproteins, stable fluorescent proteins found in red algae (e.qg.,
phycoerythrin, phycocyanins, allophycocyanin), and lectins, ubiquitous carbohydrate-binding
proteins and glycoproteins (proteins with attached sugar chains through glycosylation, forming
crucial sugar-protein conjugates) play crucial roles in biological processes (Stangel et al., 2011).
Lectins play a role in the initial defense against bacteria and viruses, exhibiting potential
anticancer, anti-inflammatory, and anti-HIV properties. Meanwhile, cyclic and linear peptides
demonstrate diverse activities, including cytotoxicity, antimicrobial effects, specific ion channel
blocking, and antitumor capabilities. Numerous marine peptides have undergone successful
evaluations and are now accessible in the market as formulated drugs with various trade names.
One example is Polydioscamide A, known for its anti-tumor properties (Mondal et al., 2020).
Seaweed protein hydrolysates, found in P. palmata, U. pinnatifida, C. microphysa, Sargassum sp,
and P. yezoensis, comprise an intricate blend of bioactive peptides with ACE-I inhibitory
properties (Beaulien, 2019). However, the ability to target ACE-I seems to be improved by the
presence of Tyr residues in dipeptides (Suetsuna et al., 2004). P. palmata's renin-inhibitory
attributes persist in bread as a bioactive component, with 4% enrichment post-baking, showcasing

enhanced renin-inhibitory capacity without compromising the bread's texture or sensory properties
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(Fitzgerald et al., 2014). The rich presence of essential amino acids in P. palmate (valine,
methionine, and leucine) akin to ovalbumin, and in U. rigida (valine, leucine, and phenylalanine),
comparable to legumes, makes them ideal food supplements. On the other hand, Arthospira sp,
Chlorella sp, and D. salina, renowned for their high protein content and nutritional value, are
incorporated into human nutrition diets (Kim and Kang, 2011). Anti-proliferative effects are
observed through secretory pathway inhibition, microfilament disruption, and other intracellular
mechanisms in active peptides isolated from Lyngbya spp. (Costa et al., 2012). Lyngbyabellin B,
a cyclic depsipeptide from L. majuscula, and Apratoxin A both induce cytotoxic effects against
human Hela cervical carcinoma cells by inhibiting the cell cycle (Khalifa et al., 2019). AMPs
exhibit a broad spectrum of activity against pathogenic bacteria by leveraging their amphiphilic
nature. This property enables interactions with both nonpolar and polar sites on the bacterial
cellular membrane, forming pores that lead to additional leakage and disruption of bacterial cells
(Lordan et al., 2011). Protein-concentrated fractions from T. suecica, modified in amino acid
residues (Lysine and alanine), exhibit potent antibacterial effects against MRSA, B. cereus, and E.
coli, demonstrating enhanced activity without cytotoxicity on human cell lines. Saccharina sp
proteins, obtained via trypsin hydrolysis, inhibit S. aureus growth. Lectin HR L40 from H.
renschii, highly specific to (1,3)-bound monosaccharide residues on HM-N-glycans, binds to
influenza A/H3N2/Udom/72 virus hemagglutinin, effectively inhibiting the infectious process in
cells (Mu et al., 2017). A novel and distinctive lectin, KAA-2, identified in E. serra and K.
alvarezii, exhibits exceptional specificity for high-mannose glucans in the trisaccharide core of
carbohydrates. This unique lectin demonstrates promising antiviral activity against the influenza
virus by recognizing high-mannose glucans within the glycoproteins composing the spikes of the

virus (Hori et al., 1990). Both prohealing and anti-ulcerogenic activities can be achieved with
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lectin. In rats, a lectin that is extracted from G. changii is effective in preventing acute gastric

mucosal injury caused by EtOH, and it also helps in ulcer healing.

3.8 Glycerol:

Glycerols, categorized as neutral lipids, undergo augmented accrual in algae when subjected to
nitrogen-limiting conditions, acknowledged as an exceedingly effective tactic for augmenting the
levels of neutral lipids. The prevalent structure of these lipids predominantly consists of
triglycerides marked by an elevated degree of saturation (Sara et al., 2014). A recently discovered
compound, galactosyl glycerol-lipids, features an a-1,6-galactose and glycerol backbone
connected to an ether-linked phytol, originating from the marine green alga U. pertusa.
Monogalactosyl  diacylglycerols,  exemplified by  1-eicosapentaenoyl-2-lindenoyl-3-
galactosylglycerol derived from C. racemosa, have demonstrated both cytotoxic and anti-
inflammatory activities in macrophage cells. This compound, in conjunction with B-sitosterol,
chlorophyll a, and unsaturated hydrocarbons, showcases multifaceted bioactive properties
(Ragasa, 2015). From the same species, an exceptional antiviral compound, sulfoquinovosyl
diacylglycerol, displayed remarkable activity against HSV-2, exhibiting an inhibitory
concentration of 50% (IC-50) at 15.6 pg/ml against both typical and clinical HSV-2 strains.

However, it demonstrated only modest antiviral effects against HSV-1.

3.9 Pigments:

Natural pigments, highlighted among functional ingredients in marine algae, play crucial roles in
algae's photosynthetic and pigmentation metabolism. They additionally showcase diverse
beneficial biological activities, including antioxidant, anti-inflammatory, anti-carcinogenic, anti-

angiogenic, anti-obesity, and neuroprotective effects (Pangestuti and Kim, 2011). Algal pigments
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fall into three main classes—Chlorophylls and Carotenoids, both water-insoluble with green and
yellow/orange/red pigments, and water-soluble Phycobilin or Phycobiliproteins, featuring bluish,
blush green, or purple hues (Zahidul Islam, 2020). Three types of Phycobiliprotein are found:

Phycocyanin, phycoerythrins, and allophycocyanins (Silva et al., 2020).

3.9.1 Chlorophyll:

Chlorophylls are green, lipid-soluble pigments involved in photosynthesis, featuring a porphyrin
ring in their structure. The porphyrin ring contains a free electron, facilitating the easy transport of
electrons. This enables the porphyrin ring to readily gain or lose electrons, energizing them and
allowing the transfer of solar energy (Humphrey, 2004). Chlorophyll a and chlorophyll b are the
most common types of chlorophyll, and red algae also contain chlorophyll ¢ and d (Humphrey,
1980). The main use of chlorophyll is to replace artificial colorings in different industries,
particularly in the food manufacturing industry. Demonstrating a multifaceted impact, chlorophyll
enhances wound healing by over 25%, promotes tissue growth, and effectively inhibits bacterial
growth, as evidenced by its significant antibacterial effects on B. subtilis, particularly when derived
from Scenedesmus and C. vulgaris (Smith et al., 2010). The growth of different species of
Staphylococci, Lactobacilli, and Streptococci, as well as oral bacteria like Fusobacterium
nucleatum and Porphyromonas gingivalis, was inhibited by both chlorophyll (a and b). Derived
from chlorophyll-a, chlorophyllide-a, and pheophytin-a, isolated from I. galbana, demonstrated
inhibitory effects on opportunistic pathogens such as Flavobacterium sp, Brevibacterium sp,
Staphylococcus aureus, and Micrococcus sp (Bruce et al., 1967). The treatment of chronic ulcers
is often prolonged, but derivatives of chlorophyll exhibit pain elimination within a few days and

aid in enhancing the appearance of the infected tissue (Lady and Morgan, 1948), Pheophorbidea,
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chlorophyll-a derivatives from E. prolifera, actively displayed antiviral effects against SARS-CoV

(Alam et al., 2021).

3.9.2 Carotenoids:

Carotenoids, lipid-soluble colored compounds, are tetraterpenoids with a 40-carbon polyene
structure derived from 8 isoprene (C5) units, constituting over 1100 naturally occurring variants
synthesized by a diverse array of 600 organisms, encompassing plants, bacteria, algae, fungi, and
archaea. Carotenoids can be categorized into two groups: oxygen-containing xanthophylls and
purely hydrocarbons with no oxygen-containing carotene. Carotenoids play a role in reducing the
susceptibility to inflammation, type 2 diabetes, amyotrophic lateral sclerosis, cardiovascular
ailments, cancer, Alzheimer’s disease, Parkinson’s disease, obesity, and chronic eye and macular
diseases (Novoveska et al., 2019). Additionally, they are employed in the creation of creams,

lotions, and diverse natural herbal and organic beauty formulations.
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3.9.2.1 g-Carotene:

[-carotene, a prominent food colorant and a source of vitamin A (provitamin A/retinol), has
experienced a significant surge in demand, particularly in multivitamin preparations. D. salina is
one of the best natural sources of B-carotene to be commercially grown for use in dietary
supplements and natural food coloring (Australia, USA, and Israel) (Borowitzka, 1989a).
Incorporating f-carotene-1 into the diet is linked to a reduced risk of age-related macular
degeneration, suggesting its potential as a proactive measure to protect ocular health and mitigate
the onset of this condition. It can also prevent eye diseases like cataracts and night blindness. -
carotene has been used to treat disorders such as asthma, and cardiovascular and erythropoietic
protoporphyria. Furthermore, B-carotene has been utilized for mitigating the risk of various
cancers, including breast and lung cancer, owing to its antioxidant properties and antitumor effects.
Green seaweeds contain [3-carotene, neoxanthin, lutein, violaxanthin, and zeaxanthin, while red
seaweed is characterized by the presence of a and [3-carotene, lutein, and zeaxanthin. Brown algae,
on the other hand, are rich in B-carotene, violaxanthin, and fucoxanthin (Perez, 2016). In the
context of COVID-19, B-carotene from C. crispus and D. salina reduces elevated ROS activity,
protecting cells from damage caused by SARS-CoV infectivity and mitigating oxidative stress-
induced inflammation in the lungs (Alam et al., 2021). H. pulmosa, G. cornea, and P. lanosa
harbor B-carotene, a compound renowned for its elevated antioxidant and antiviral activities,
thereby underscoring the potential health-promoting attributes associated with the presence of this
carotenoid in these marine organisms. The antioxidative quality of f-carotene proves efficacious
in combating UV radiation, a leading factor in skin damage and premature aging of the skin

(Estavinho et al., 2008).

59



3.9.2.2 Astaxanthin:

Occurring naturally in esterified form, astaxanthin serves as a precursor of vitamin A and is
intricately linked with processes such as embryo development and cell reproduction, whereas its
synthetic counterpart exists in a free form (Blue et al., 2018). In H. pluvialis, astaxanthin makes
up 90% of the total carotenoids, and other microalgae like Chlamydomonas sp, Chlorella sp,
Dunaliella sp, Scenedesmus sp, Botryococcus sp, Tetracystis sp also have the ability to accumulate
this secondary carotenoid (Borowitzka 2013). This secondary carotenoid presence elevates
cellular resistance to oxidative stress induced by light, UV-B irradiation, and nutrient factors
(Lemoine and Schoefs, 2010). Within the post-initiation phase of carcinogen-induced colon and
oral cancer models, dietary astaxanthin exhibits antitumor effects, while its inclusion in the human
diet demonstrates the potential to mitigate inflammation and oxidative stress, thereby enhancing
the immune system in patients with cardiovascular diseases (Guedes et al., 2011) (Koyande et al.,
2019). It enhances anti-aging, antibody production and shows sunproofing, anti-oxidant even
antibacterial potentiality. It inhibits LDL oxidation and increases HDL-C and Adinopectin (Blue
et al., 2018). Reports indicate a preferential hepatic absorption of astaxanthin in comparison to -
carotene and lutein, elucidating distinctive patterns in the bioavailability of these carotenoids
within the physiological context. The Natural Algae Astaxanthin Association (NA XA) advocates
for astaxanthin benefits, endorsing its use from H. pluvialis with primary antiviral drugs for
enhanced health and reduced recovery time in COVID-19 patients, approved for human
consumption by the United States Food and Drug Administration (Talukdar et al., 2020).
Inflammation reduction and ROS scavenging during SARS-CoV infectivity are facilitated by

astaxanthin derived from C. vulgaris and H. pluvialis.
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3.9.2.3 Fucoxanthin:

Fucoxanthin, a xanthophyll-like carotenoid predominantly occurring in brown algae, has garnered
attention due to its diverse health benefits, encompassing anti-obesity, anticancer, anti-
inflammatory, antioxidant properties, and anti-proliferative, its preventive effects against
cerebrovascular diseases (Mikami and Hosokawa, 2013). It prompted apoptosis and cell cycle
arrest in a colon cancer cell line, and exhibited anti-proliferative activity, inducing apoptosis in a
human leukemia cell line (Hosokawa et al., 1999). It has demonstrated the ability to inhibit
carcinogenesis in the duodenum and skin as well as tumorigenesis in mice. Numerous studies have
elucidated the anticancer properties of fucoxanthin, highlighting its impact on various pathways,
including MAPK, caspase-3, caspase-8, caspase-9, and others, with fucoxanthin regulating their
expression levels (Mondal et al., 2021). Fucoxanthin, together with its metabolite fucoxanthinol,
demonstrated antioxidant activity by operating as effective scavengers of free radicals, showcasing
their capability to counteract oxidative stress by neutralizing free radicals in biological systems.
(Mikami and Hosokawa, 2013). Prolonged and excessive alcohol consumption results in both
direct and indirect damage to liver cells, culminating in alcoholic liver inflammation. The primary
pathway instigating the inflammatory response in alcohol-induced liver injury involves TLR 4-
induced signaling pathways. Fucoxanthin, however, mitigates this process by inhibiting TLR-4-
induced signaling pathways, thereby attenuating the hepatic inflammatory responses triggered by

alcohol (Zheng et al., 2019).
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3.9.2.4 Zeaxanthin and Lutein:

Zeaxanthin (B, B-carotene-3,3-diol) is a carotenoid alcohol present in many microalgae such as T.
suecica, Nannochloropsis sp, P. cruentum, I. galbana, P. tricornutum, etc. Recognized as an
efficacious strategy, the oral administration of Zeaxanthin-4 has been identified for the
management of acute inflammatory responses induced by UVB irradiation (Zhang et al., 2014).
Non-toxicity towards human normal colon epithelial cells was demonstrated by Zeaxanthin, while
cytotoxic effects against the human colon adenocarcinoma cell line were observed (Grudzinski et
al., 2018).

Contrastingly, yellow oxycarotenoid lutein, characterized by two cyclic groups (a B-ionone ring
and an g-ionone ring), is chiefly sourced from organisms like Haematococcus sp, C. pyrenoidosa,
I. galbana, C. protothecosis, Tetraselmis sp, Spirulina sp, and D. salina. Lutein exhibited similar
anticancer potentiality as zeaxanthin (Praveen and Nadumane, 2016) Lutein extracted from C.
protothecoides, S. maxima and D. salina, demonstrated anti-inflammatory effects in countering
endotoxin-induced uveitis by impeding Ikp degradation. This led to the suppression of various pro-
inflammatory mediators, including NO, TNF-a, PGE-2, IL-6, MCP-1, and MIP-2 (Zhang et al.,
2014). H. pluvialis and C. pyrenoidosa also abundant with lutein, showed antioxidant capacity.
Zeaxanthin and lutein, crucial for preserving normal visual function and safeguarding the eyes
from oxidation, exhibit a nutrient-health connection in age-related cataract prevention and
maculopathy, as evidenced by epidemiological and intervention trials using extracts from S.

almeriensis (Lorencio et al., 2009). (Sun et al., 2016).
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3.9.3 Plycobiliprotein or Phicobilin:

Phycobiliproteins, vibrant and water-soluble antenna-proteins pigment, form phycobilisomes that
are arranged on the external surface of thylakoid membranes. The hues of phycobiliproteins
primarily arise from covalently attached prosthetic groups, characterized by open-chain
tetrapyrrole chromophores containing A, B, C, and D rings, collectively known as phycobilins
(Sekar and Chandramohan, 2007). Phycoerythrins predominate among phycobiliproteins in red
algae, while cyanobacteria exhibit abundance in phycocyanins. The classification of
phycobiliproteins is based on the chromophores present, leading to three groups: Phycocyanin
(blue), Phycoerythrin (purple-red), and Allophycocyanin (bluish-green). Another variant,
Phycocerythrocyanin, imparts an orange hue and is a different type of phycobiliprotein (Sekar and
Chandramohan, 2007). These pigments demonstrate notable hepatoprotective, antioxidant, anti-
inflammatory, and free radical scavenging properties, making them safe for application in
cosmetics such as face makeup, eye shadow, and lipstick, as well as in food coloring. These
pigments are also used in beverage and alcoholic drinks because modified pigments are stable at
low pH. Certainly, pure phycobiliproteins sourced from Spirulina, Porphyridium, and Rhodella
function as powerful fluorescent labeling agents extensively utilized in clinical and research
immunology, serving as dyes, fluorescent markers, and diagnostic tools with broad applications
(Arad and Yaron, 1992). Metabolites from Arthrospira sp., including phycocyanobilin,
phycoerythobilin, and folic acid, exhibit potential antiviral activity against SARS-CoV-2 (Petit et

al., 2020).

Allophycocyanin (bluish-green protein) and phycocyanin (blue protein) are readily extractable
water-soluble protein pigment complexes. Extensive research, predominantly focused on Spirulina
sp., elucidates the composition of phycobilisomes, comprising allophycocyanin cores surrounded
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by c-phycocyanin—a predominant phycobiliprotein, comprising up to 20% of its dry weight
(Chaiklahan et al., 2012). Phycocyanin finds primary application as a colorant in dairy products,
chewing gums, soft drinks, candies, and cosmetics such as lipstick, and serves as a natural dye
across various industries, albeit with limited use in food due to its sensitivity to heat treatment

(Chaiklahan et al., 2012).

3.10 Vitamins, minerals, and others nutritional value:
"Functional foods" refers to food components that offer specific health benefits beyond essential
nutrition. The development of functional foods is closely tied to the idea of preventing diseases
and enhancing the overall well-being of consumers, in addition to meeting their basic nutritional
requirements (Plaza et al., 2008). In recent times, seaweeds have gained significance as a crucial
food source in numerous countries due to their abundance of micronutrients and vitamins. Despite
being underutilized in Bangladesh, they have the potential to emerge as a significant food resource
in the pursuit of achieving Zero Hunger (Islam et al., 2020). Seaweeds serve as a nutrient-rich
reservoir, providing vital elements such as dietary fiber (carbs), proteins, and lipids. Additionally,
they offer a varied spectrum of vitamins (A, B, B12, C, D, E) and minerals (calcium, iron, zinc,
copper, potassium, phosphorus, sodium, etc.) (Lordan et al., 2011). Marine algae, integral to diets
in Korea, Japan, China, Hawaiian islands, and the Far East, have historical significance. East Asian
nations, like Japan, Korea, and China, have long embraced macroalgae, linking it to diverse health
benefits. The Japanese, with the world's longest life expectancy and reduced cardiovascular disease
rates, attribute these outcomes to their unique dietary practices, prominently featuring regular

macroalgae consumption (Shimazu et al., 2007).

Known bioactive compounds, including vitamins and fatty acids, are synthesized by many

microalgae. Vitamins such as biotin, pro-vitamin A/B-carotene, B12, B6, etc., and polyunsaturated
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fatty acids like docosahexaenoic acid, eicosapentaenoic acid, y-linolenic acid, and arachidonic
acid, are produced by these microorganisms (Borowitzka, 1988a) (Borowitzka, 1988b). Soluble
fibers, including carrageenan, alginate, agar, fucoidans, and ulvans, make up a substantial portion
of seaweed's dried weight, reaching up to half. These fibers show potential in crafting functional
foods. Consumption of fiber-enriched products from macroalgae is linked to preventive effects
against type Il diabetes, colon cancer, obesity, and cardiovascular diseases (Jimenez-Escrig et al.,
2000). Although seaweeds constitute only 1% to 5% of their dry weight in lipids, their impact is
noteworthy in treating obesity and various diseases. Macroalgae, with a substantial protein content
ranging from 10% to 47%, encompass all essential amino acids. Their beneficial effects extend to
addressing disorders such as cancer, thrombosis, hypertension, and oxidative stress (Lordan et al.,

2011).

Mineral contents may vary from 8%-40% of algae DW. Their high content in essential minerals is
Na, Mn, Mg, |, K, P, Zn, and Fe. Most of the algal contain high levels of Na and K, which is
important to compensate for the modern diets, typically rich in NaCl. Furthermore, numerous
edible macroalgae exhibit higher magnesium content compared to terrestrial plants and animals,
for example, P. tenuins containing 44.13%. Specific species are notably enriched in calcium, as
seen in H. boergesenii (756.924 mg) and S. tenerrimum (733.538 mg), and iodine content can
reach up to 0.5 g per 100g of dry weight (Dewinta et al., 2019) (Haque et al., 2009) (Yeh et al.,
2014). Seaweeds contain calcium phosphate, which is more bioavailable than the calcium
carbonate present in milk (Meinita et al 2022). A-tocotrienol, classified as vitamin E, prevents
neurodegeneration associated with stroke (Khosla et al., 2006). The administration of G. changii
dried powder to high cholesterol/high-fat rats for eight weeks resulted in a significant reduction of

40.34%, 35.95%, and 30.91% in plasmatic TC, LDL-C, and TG contents, respectively. This effect
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is attributed to the substantial dietary fiber content of G. changii, amounting to 61.29% (Chan et
al., 2014). Supplementing the diet with U. ohnoi and D. tenuissima has been reported to result in
a lowering of systolic blood pressure, a reduction in final body fat mass by 29 mm Hg and 24%,
and an improvement in insulin sensitivity and glucose utilization (Kumar et al., 2015). In
hypertensive elderly Japanese patients, the daily oral consumption of 5g of dried U. pinnatifida
powder over eight weeks has demonstrated a significant reduction in both systolic and diastolic
blood pressure (Hata et al., 2001). Dietary NaCl increases blood pressure, while potassium intake
has the opposite effect. The WHO recommends a minimum daily potassium intake of 3.51g for
adults. Algae such as Laminaia sp, P. umbilicalis, P. palmata, G. changii, I. galbana, E. arborea,
H. elongata and T. suecica, serve as sources of vitamin C. Chlorella sp, Dunaliella sp, T. suecica,
Chondrus sp, 1. galbana, Laminaria sp, and Porphyra sp contain vitamins B1, B2, and B12.
Vitamin E and a-tocopherol are abundant in H. elongata, P. palmata, E. arborea, T. suecica, I.
galbana, Chlorella, M. pyrifera, Gracilaria, and C. fragile (Alam et al., 2021). A novel functional
food, derived from the digested extract of S. muticum and Osmundea sp, has been employed to
enhance the gut microbiome, representing a significant strategy for the prevention and treatment

of the novel COVID-19 (Zhang et al., 2020)

Chapter 4

Bioactive compounds sourced from algae hold promise for potential
therapeutic interventions against various life-threatening ailments:

Seaweeds have been regarded for their therapeutic utility, with documented medicinal value dating
back to as early as 3000 B.C. in the Orient. The Chinese and Japanese civilizations historically
employed seaweeds in the management of goiter and glandular ailments, while Romanians

embraced their healing properties for wounds, burns, and rashes. Furthermore, the British

66



strategically utilized Porphyra to prevent scurvy, mitigating Vitamin C deficiency diseases during
extended sea voyages. Seaweeds have been traditionally employed for remedying conditions such
as coughs, stomach issues, chest ailments, bladder complications, and kidney disorders,
showcasing their versatile therapeutic properties that extend to vermifuge and antiscorbutic
functions (Boney, 1965). Pterocladia sp, Chondrus sp, Gracilaria sp, and Gelidium sp, have been
historically applied in the treatment of diverse stomach and intestinal disorders, offering relief
from constipation and associated discomfort. Additionally, Laminaria is recognized for its
analgesic properties, serving as a painkiller and aiding in the correction of a distended uterus.
Sargassum species are traditionally harnessed for their cooling properties and blood-purifying
attributes, while Gelidiella demonstrates efficacy in combating the mumps virus and influenza B
virus (Kumar et al., 2018) Astaxanthin, the predominant carotenoid in H. pluvialis, serves dual
roles as a nutraceutical and a medicinal component, documented against degenerative conditions
including H. pylori infection, inflammation, and cancer (Rao et al., 2010). Phycobiliproteins
derived from red seaweeds exhibit potential benefits in addressing neurodegenerative diseases
arising from oxidative stress. Additionally, the pivotal roles played by Q-3 fatty acids and -6
fatty acids are noteworthy in preventing osteoarthritis, diabetes, and cardiovascular diseases.
Porphyra (Nori) is very rich in vitamins A and C, used as a nutritional and functional food (Rao
et al., 2018). Metabolites derived from algae, harnessed across diverse sectors, emerge as pivotal
candidates for exploration in the context of combating severe or life-threatening diseases.
Elaborating on their potentiality in this regard becomes imperative, emphasizing the indispensable
role they may play as a foundational resource for the development of novel pharmaceuticals

characterized by a comprehensive range of therapeutic activities.
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4.1 Antiviral activities:

In the last decade, there has been a heightened focus on investigating microalgae, macroalgae, and
cyanobacteria for bioactive compounds with pharmacological potential. Current limitations in
antiviral treatments emphasize the urgent demand for innovative medicines. The exploration of
marine-derived antiviral compounds stands out as a promising and viable solution to address this
healthcare challenge (Falais et al., 2016). The initial evidence of potential antiviral activity
stemming from algal compounds dates back to 1950. Polysaccharides extracted from G.
cartilagenium were found to provide protective effects for embryonated eggs against both
Influenza B and mumps viruses. This early discovery highlights the multifaceted nature of algal
compounds in exhibiting antiviral properties, with implications for viral protection across diverse

contexts (Gerber et al., 1958).

Viral growth is generally divided into three stages, stage I: adsorption and invasion of virus cells,
Stage I1: Eclipse phase or forced to synthesize multiple copies of that virus and Stage I11: maturity
and release of the virus particles. Antiviral action may take place at a single stage (or more). Such
as the anti-HSV factor from Dunaliella sp inactivates the viral function at stage | (Guedes et al.,
2011). Carrageenans achieve a discerning impediment of various enveloped and non-enveloped
viruses by hampering the binding or internalization of the viral entity into the host cell.
Carrageenans are strong inhibitors for HPV (at early stages of infection) and HSV virus (block the
replication of HSV by stiff interaction causing inactivation of virions) (Buck et al., 2006) (Carlucci
et al., 2002). Antiviral activities against HSV-1 and HSV-2 were demonstrated with carrageenans
extracted from G. skottsbergii, particularly targeting the viral attachment stages. Different
structural configurations of galactans demonstrate efficacy against a range of enveloped viruses,

including but not limited to hepatitis A, HSV-1 and HSV-2, Dengue Virus, HIV-1, and HIV-2,
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among others (Estavinho et al., 2008). Fucoidans exert their inhibitory effects by impeding the
formation of syncytium induced in the host cell by viruses. The efficacy of fucoidan derived from
L. japonica has been substantiated in combatting a spectrum of viruses encompassing both DNA
and RNA types. Notably, its effectiveness extends to viruses such as adenovirus 111, coxsackie B3,
poliovirus I1l, ECHOG virus, and A16 viruses (Li et al., 2008) (Li et al., 1995). Extracts derived
from C. racemosa and P.gymnospora demonstrated a mitigating effect on dengue virus infection,
likely attributed to their intervention at an early stage in the viral life cycle, possibly through
binding or internalization processes (Koishi et al., 2012). Antiviral efficacy against human
metapneumovirus replication was exhibited by two meroditerpenoids, automaric acid, and
epitaondiol, originating from S. zonale (Mendes et al., 2011). Lectins have demonstrated antiviral
effects against a spectrum of viruses, including SARS-CoV, HIV, and Hepatitis C, primarily by

impeding the entry of the virus into the host cell (Cheung et al., 2015)
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Table 2: Various classes of algae-derived compounds showcase antiviral properties, each with
unigue mechanisms of action:

Targeted virus

Extract of seaweed
species

Antiviral properties

Mechanism of action

HSV
(HSV-1 and HSV-2)

1. E. compressa, U.
partusa

2. Dunaliella sp
3. D. salina
4. A. plantensis

5. A. muscoides, G.
birdiae, S. filiformis

1. Ulvan

2. pheophorbide a, B-
like compound

3. short chair fatty acids,
-ionone, phytol,
palmitic acid and a-
linolenic acid

4. Calcium spirulan

1. Preventing viral entry and
internalization, hindering viral
replication and propagation,
inhibition of absorption, penetration,
infection, and replication.

2. Preventing cellular damage at both
stage | and stage Il phases of the
cytopathic effect.

3.Hinders the virus's ability to infect
the cell.

4. Prevents viral replication by
intercepting the virus prior to

HIV

japonica, A. nodosum,
Saccharina sp, F.
vesiculosus

3. L.digitata, L.
japonica, L.
hyperborean

4. G. skottbergii, C.
okamuranus

1. Fucidan
2. Laminarin
3. Alginate

4. Carrageenans,
Fucoidan

6. A.specifera, H. 5. Agarans entering the host cell.
clathratus
6. Carrageenans 5. Hindering virus adsorption and
impeding early-stage viral
replication.
6. Prevention of spread.
VHSV, ASFV Chlorella sp sulfated polysaccharides | Replication suppression
mumps virus, measles A. plantensis Calcium spirulan Blocks viral replication at the pre-
VIrus entry stage.
1. Halt in reverse transcription.
1.5 swartzil 2. Impeding reverse transcription
2. E. bicyclis, L. process (stage Il1)

3. Impeding reverse transcriptase
during RNA virus replication (Stage
[1).

4, Prevent viral attachment to cells,
inhibit reverse transcriptase, shield
cells through interaction with viral
envelope glycoproteins, and impede
syncytia formation and cell-to-cell
spread.
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Table-2 continued

Influenza virus
(Influenza A and, B,
Parainfluenza-2)

1. C. vulgaris
2. E. arborea, S.
filiformis

3.Chondrus,
Gigartina, Hypnea
and Euchema

1. Agar
2. Polyphenolic extracts

3. Carrageenans

1. Hindering cytopathic effects in
Stage 11, restraining PMN migration
towards chemoattractants, and
partially blocking adhesion to
endothelial cells.

2. Blocking the viral entity.

3. Intercepting host cell penetration,
impeding viral replication, and

- 4. Alginate ]
4. L.digitata, L. g obstructing the attachment of the
japonica, L. virus to the host cell
hyperborean . .
yp 4. Halting reverse transcriptase
activity in RNA virus (Stage I11).
Hindering cytopathic effects in Stage
I, restraining PMN migration
RSV-A and B, C. vulgaris Agar towards chemoattractants, and
partially blocking adhesion to
endothelial cells.
1. Intercepting host cell penetration,
impeding viral replication, and
1. Carrageenans obstructing the attachment of the
1.Chondrus,Gigartina, | g virus to the host cell
2. sulf .
D Hypnea and Euchema sulfted . 2. Prevent viral attachment to cells,
engue . polysaccharides N . .
2. G. skottbergii, C. inhibit reverse transcriptase, shield
(Carrageenans, . . o
okamuranus . cells through interaction with viral
Fucoidan) . .
envelope glycoproteins, and impede
syncytia formation and cell-to-cell
spread.
o 1. Interference with protein
Hepatitis B Virus L digitata, L. 1. Polygluronate sulfate | production and transcription.
japonica, L.
hyperborean 2. Alginate 2. Halting reverse transcriptase
activity in RNA virus (Stage I11).
| - -
P. cruentum. P. Suloheted mpedes penetration, disrupts

Vaccina

purpureum

exopolysacchaide

replication, and engages with free
viral particles.

Human rhinovirus
(HRV)

Red microalgae

lota-carregeenan

Impeding virus adhesion, ingress,
and replication.
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4.1.1 COVID-19 / SARS-CoV-2/Corona Virus: The COVID-19 pandemic, stemming from
SARS-CoV-2 infection, manifests as an acute respiratory ailment marked by prominent clinical
manifestations including parched cough, pharyngeal discomfort, fever, headache, breathlessness
and fatigue (Liu et al., 2020). Nevertheless, specific individuals displayed an absence of certain
symptoms, indicating the presence of an asymptomatic facet to the virus's clinical profile. As the
patient deteriorates, they may experience, respiratory tract infection, escalating organ dysfunction,
septic shock, and aggravated pneumonia culminating in fatality (Millet and Whittaker, 2014). It
holds the distinction of being the most extensive RNA virus documented to date, boasting a
genome size ranging from 26 to 32 kilobases. On March 11, 2020, the World Health Organization
officially declared the COVID-19 outbreak a pandemic, recognizing the severity of the situation
and the lack of alternative preventive measures to mitigate fatalities (Coronavirus disease
(COVID-19) — World Health Organization. (2023, March 22)) In the absence of vaccines, an
imperative arose to urgently formulate antiviral medications, anti-inflammatory agents, and
antibodies to combat the disease in the near term. After the SARS-CoV-2 genetic sequence
publication, vaccine research led to the development of advanced candidates like Pfizer-
BioNTech, Moderna, and Johnson & Johnson/Janssen (Thanh et al., 2020). Phase three trials have
been reached by AstraZeneca and Novavax. in the clinical testing of COVID-19 vaccines. Despite
the availability of SARS-CoV-2 vaccines, the importance of continuing research on algae-based
edible vaccines should not be overlooked. Creating an oral vaccine involves freeze-drying and
encapsulating algae, leveraging their cell wall to shield antigens and bioactive compounds from
harsh stomach conditions, guaranteeing their safe passage to the intestinal immune system. Marine
algal metabolites, encompassing compounds like ulvans, Carrageenan, fucoidans, polyphenolic

compounds, lectins, fatty acids, proteins, pigments, etc., have demonstrated expansive antiviral
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efficacy against a spectrum of human and animal viruses such as HMPV, HIV, Influenza A and B,
HPV, DENV, HSV, etc., suggesting their potential utilization in combatting COVID (Andrew and
Jayaraman, 2021). Numerous nations are actively formulating algal-derived products for SARS-
CoV-2, with a U.S. research team concentrating on utilizing Heparin as an early intervention.
Heparin demonstrates heightened antiviral effectiveness surpassing various antiviral medications,
including Remdesivir. Remarkably, the application of Heparin spray alleviates pulmonary
coagulopathy and inflammation without triggering systemic bleeding (Kwon et al., 2020). A nasal
spray formulation featuring iota carrageenan not only showcases effectiveness and safety against
the common cold virus, presently accessible in the market but also proves efficacious against the
coronavirus. This is evidenced by its ability to inhibit SARS-CoV-2 infection in Vero cell culture
at a concentration of 6pg/mL (Bansal, et al., 2021). Caulerpin from Caularpa sp shows promise
as a combined therapeutic agent, potentially enhancing its effectiveness alongside other drugs in
destabilizing the coronavirus spike protein. In in-silico studies, Caulerpin and its derivatives,
investigated as monotherapy against SARS-CoV-2 proteases, demonstrate superior binding
energies to the virus's protein receptors compared to predicted drugs like simeprevir, chloroquine,
hydrochloroquine, and Liponavir (Ahmed et al., 2020). The viral spike protein exhibits an
enhanced affinity for binding with ACEZ2, a pivotal interaction that facilitates virus entry into host
cells. Specifically, in the context of the COVID virus, surface glycosylated proteins play a crucial
role by binding to the ACE2 host cell receptor, thereby orchestrating the initiation of viral entry
into the cell.

The antiviral activity of marine algal polysaccharides encompasses various processes, including
(1) impeding Viral attachment. (2) hindering uncoating and internalization of the virus, (3)

thwarting virus transcription and replication, and (4) enhancing immune responses. While
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polysaccharides possess the capability to intervene at various stages of the viral life cycle prior to
infection, both carrageenan and chitosan stand out by directly exerting virucidal action on
enveloped viruses, effectively obstructing the viral infection process (\Wang et al., 2012). Fucoidan
and sulfated rhamnan exhibit the ability to impede the epidermal growth factor receptors pathway,
indicating a potential suppression of coronavirus, while ulvans are also contemplated as promising
therapeutic agents against COVID-19. Antiviral activity against murine coronavirus A59 was
demonstrated by the novel diterpene aldehyde, halitual, extracted from H. tuna. Phycocyanobilin,
phycoerythrobilin, and astaxanthin demonstrate an active capacity for binding with SARS-CoV-2
(Alam et al., 2021). An Indian research group explored sulfated polysaccharides from
Porphyridium sp for developing antiviral drugs, unveiling their capacity to hinder the binding of
the virus to host cells and display immunomodulatory characteristics. Additionally, these
compounds show promise as a coating material on sanitary items, aiding in COVID-19 prevention
(Mahadev et al., 2000). The potential of glycoprotein-based antiviral therapy for SARS-CoV-2
entails a strategic process where, before the coronavirus spike protein attaches to a host cell, the
glycans on the host cell's surface undergo glycosylation, masking them with glycosylation
epitopes. This transformation results in a substantial glycoprotein, containing 23-38 N-linked
glycan sites per promoter, rendering the spike protein non-infective. Lectins, as distinctive
carbohydrate-binding glycoproteins, actively inhibit the infectivity of SARS-CoV-2 due to their
specificity for the glycan moieties present on the spike glycoproteins of the coronavirus (Alam et
al., 2021). Natural astaxanthin plays a protective role against acute lung injury, acute respiratory
distress syndrome, and, cytokine storm, presenting potential as a complementary supplement when
combined with primary antiviral compounds (Cai et al., 2019). Fucosterol emerges as an effective

therapeutic agent for diverse health issues and stands as a promising candidate for treating COVID-
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19, such as, fucoidans derived from U. pinnatifida, A. nodosum, M. pyrifera, and F. vesiculosus
were identified for their capacity to enhance immune function through the activation of DCs, NK
cells, and T cells (Rosales- Mendoza et al., 2020). Furthermore, an optimally functioning gut
microbiome actively reinforces antiviral immunity, and a well-balanced nutritional diet enhances
the resilience of the gut microbiota, thereby mitigating the impact of the novel SARS-CoV-2. This
is achieved through the stimulation of augmentation of NK cytotoxicity, reduction of
immunopathology, and interferon production (He et al., 2020). In addition to severe damage to the
lungs and blood vessels, atypical blood clots in the pulmonary region lead to diminished oxygen
levels, potentially resulting in fatalities among COVID-19 patients. This ultimately gives rise to
clot-related complications such as renal failure, venous thrombosis, and stroke. Notable
antithrombotic and antiplatelet effects have been demonstrated in rats through the influence of
polysaccharide derived from G. acerosa, with its interaction involving the blood coagulation
system and hemostasis (Chagas et al., 2020). Biotech company "TransAlgae" in Israel is actively
exploring genetically modifying algae to develop a COVID-19 vaccine. They insert a segment of
the spike protein into algae to stimulate antibody production and elicit an immune response. They
assert that the addition of the spike protein in minute quantities does not alter the safety profile of
the algae for humans. Furthermore, the encapsulation of the algae guarantees the delivery of the
vaccine to the intestinal immune system. Oxidative stress plays a central role in SARS-CoV
infection, with increased levels of ROS associated with cellular damage due to heightened
inflammation at the viral infection site. This disruption in the balance of oxidative-antioxidant
status induces oxidative stress, contributing to cellular damage. Considering this inflammatory
response, incorporating antioxidants is advised as a potential strategy against COVID-19 (Alam et

al., 2021)
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4.1.2 Influenza Virus: Influenza, an acute infectious ailment, results from an enveloped
ribonucleic acid-containing virus (Orthomyxoviridae family) characterized by virions (80-100nm)
enclosed in lipoprotein membranes, consisting of lipids and three types of glycoproteins:
hemagglutinin, neuraminidase (NA), and the viral ion channel (M2) (Norkin, 2010). Influenza
encompasses three virus types (A, B, C), with Types B and C exclusively afflicting humans; the
antigenic determinants carried by hemagglutinin and neuraminidase (HA and NA) delineate
influenza subtypes, such as HIN1, H3N2, and H5N1 (Mei et al., 2013). Influenza primarily targets
the single-layer multi-row cylindrical ciliated epithelium in the respiratory tract, employing
hemagglutinin to adhere to cell receptors, enabling penetration and initiation of the replication
cycle. Influenza treatments include Rimantadine and Amantadine for early-stage infection,
Umifenovir boosts innate immunity through interferon modulation, and Riamylovir, Zanamivir,
and Oseltamivir target viral replication with neuraminidase inhibition (Besednova et al., 2019).
Established medications effectively combat certain virus strains, yet the potential emergence of
drug-resistant viral strains poses a challenge that these drugs may not effectively address. To
address this challenge, there is a pressing need for innovative therapeutic approaches, where
seaweed metabolites stand out as uniquely capable candidates. These compounds intricately target
specific genes or proteins essential for the influenza virus's replication and reproduction
(Besednovaetal., 2019). The reported hindrance of Influenza A (H1N1) adsorption and prevention
of fusion events by fucans extracted from F. vesiculosus and A. nodosum underscores their
capacity to impede critical stages in the virus's interaction with host cells (Jiao et al., 2012).
Assessment against Influenza virus groups 1 (A/Bervig-Mission/1/18 [HIN1], A/PR/8/34 [HINL1])
and group 2 (A/Hong Kong/8/68 [H3NZ2], A/chicken/Korea/MS96 [HIN2]) was conducted for

phlorotannin derivatives ecol, diecol, fluorofucofuroecol, 7-phloracol, and phloroglucinol.
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Inhibition of the neuraminidase (NA) was notably strong for Fluorofucofuroecol against group 1
Influenza viruses, while Diecol demonstrated potent inhibition of the NA for group 2 Influenza
viruses (Besednova et al., 2019). The highly vulnerable variant, HIN1, and the antiviral process
may involve impeding viral entry, suppressing the initiation of the epidermal growth factor
receptor. Fucoidan has the potential to suppress the secretion of cytokines from human primary
bronchial epithelial cells by acting on TLR3, thereby alleviating bronchial inflammation induced
by viral infection (Rosales-Mendoza et al., 2020). When evaluated against H3N2 and HIN1
strains, [-Carrageenan demonstrated superior effectiveness over k-Carrageenan. It hindered the
formation of syncytia and interfered with the interaction between the virus and host cells.
Remarkably, I-Carrageenan notably decreased viral replication by 2-4 log units within 96 hours
after infection (Leibbrandt et al., 2010). Furthermore, Carrageenan, identified in Eucheuma,
Gigartina, Hypnea, and, Chondrus, demonstrated notable inhibitory impacts on the Influenza
virus. In Europe, a carrageenan-based nasal spray has found success in alleviating respiratory viral
infections. This product effectively reduces symptoms like cough, runny nose, sneezing and nasal
congestion, related to common colds and inflammation. Importantly, the nasal spray, enhanced
with Zanamivir, demonstrates efficacy when used within the first 48 hours after symptom exposure
(Kumaretal., 2011) (Ludwig et al., 2013). Oligosaccharide CO-1 and its derivatives bound to viral
MRNA post-cell internalization, curtailing viral protein expression and H1N1 influenza virus
replication. A similar hindering of virus adsorption and internalization was observed with galactan
(Wang etal., 2017) (Wang et al., 2011). In vitro antiviral activity was demonstrated by the aqueous
extract of L. obtusa, with the suppression of replication observed in both Influenza A (H3N2,
H1N1) and Influenza B (Pérez-Riverol et al., 2014). Inhibitory effects on Influenza A, Influenza

B, and Parainfluenza-2 viruses are exerted by agar, derived from C. vulgaris and Porphyridium
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sp., through the impediment of their adhesion to endothelial cells (Alam et al., 2021).
Administering Fucoidan from U. pinnatifida's sporophylls orally to mice infected with HSN3 and
H7N2 strains reduced virus replication and enhanced specific antibody production in vivo. This
polysaccharide actively targeted the inhibition of virus release from cells, resulting in increased
titers of virus-neutralizing antibodies and IgA (Besesnova et al., 2019). Extracted from L. japonica,
Fucoidan displayed no cytotoxicity or morphological changes in SPEV culture cells, yet actively
and selectively suppressed the infectious properties of H5N1 strain, demonstrating antiviral
activity within the first 24 hours of infection (Besednova et al., 2019). Recognizing HM-glucans
in virus spikes, lectins, particularly KAA-2 from K. alvarezii, directly associate with Influenza
virus Hemagglutinin (HA), robustly preventing viral entry into host cells (Hori et al.,1990).
Optimal inhibition of influenza infection was achieved with the HM-binding lectin ESA-2 from E.
serrai, exerting its effects through a direct interaction with the viral envelope glycoprotein HA and
effectively suppressing the virus (Sato, 2015). Various lectins, including BCA from B. coacta,
HRL40 from H. renschii, BSL from Bryothamnion sp, HML from H. musciformis, and Sfl from
S. filiformis, exhibit effectiveness against diverse strains of the Influenza virus (Alam et al., 2021).
Algal biopolymers have recently been scrutinized as promising contenders for adjuvant
technologies in vaccine formulation. Particularly, sulfated polysaccharides sourced from brown
algae showcase advantageous adjuvant properties such as non-toxicity, safety, and exceptional
biocompatibility. These attributes play a pivotal role in shaping innate and adaptive immunity and
modulating associated signaling pathways (Petrovsky and Cooper, 2011). TLRs serve as primary
targets for innovative adjuvant development, with TLR agonists being the preferred adjuvants for
vaccines, particularly as polysaccharides interact specifically with human TLRs. Fucoidan isolated

from S. cichorioides, F. evanescens, and S. japonica, interacts with TLR2 and TLR4, initiating the
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activation of the adaptive NF-kB pathway, fostering the generation of a Th1-type adaptive immune
response to unrelated antigens. That means, Fucoidan exhibits dual functionality by acting as an
adjuvant, enhancing immunogenicity, while concurrently inactivating influenza virus A.
Henceforth, Fucoidan emerges as a secure and efficacious adjuvant, given its elevated
biocompatibility, absence of toxicity, and favorable tolerability within the human body,
positioning it as a valuable component in the formulation of advanced influenza vaccines

(Besednova et al., 2019).
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4.1.3 Dengue / DENV: Dengue, an enveloped virus in the Flavivirus genus with four known
serotypes (DENV1-4) capable of causing the disease, has been reported in Malaysia with a newly
identified gene branch, indicating a potential fifth genotype, DENVS5 (Freile-Pelegrin et al., 2019)
(Normile, 2013). Mature virions exhibit a positive single-stranded RNA genome encased in a
nucleocapsid, while the envelope and membrane proteins extend from the lipid bilayer membrane
of the host. The clinical presentations of DENV infection range from a non-specific fever (dengue
fever, DF) to more critical conditions such as dengue hemorrhagic fever (DHF) and dengue shock
syndrome (DSS), with the potential for fatal outcomes (Koishi et al.,2012). The transmission of
the dengue virus, characterized by diverse genotypes, occurs through the bites of female
mosquitoes belonging to the species Aedes albopictus and Aedes aegypti (Ahmad, et al., 2016).
Approximately 3.5 billion people worldwide are at risk of contracting dengue fever, with 1.3
billion residing in endemic areas, primarily transmitted by the predominant vector species Ae.
aegypti WHO, 2023 (https://www.who.int/publications/i/item/sea-cd-334). Continuous use of
synthetic organic insecticides in vector control since their discovery in the 1940s has led to
mosquito resistance due to prolonged exposure. Marine algae harbor a diverse array of chemical
compounds exhibiting antiviral effects against DENV, as well as larvicidal and adulticidal
activities against Aedes species.

Enveloped RNA viruses typically initiate their replicative cycle by attaching to the host cell's
surface, making the prevention of virus binding to the host cell a valuable strategy to establish an
initial barrier and suppress infection (Freile-Pelegrin et al., 2019). Ulvan, derived from Caulerpa
sp., demonstrated potent in vitro activity against DENV-1 in the Vero cell line by masking viral
structures and interfering with the virion envelope, thereby impeding virus adsorption to cells and

preventing infection (Rodrigues et al., 2017). Fucoidan isolated from C. okamuranus demonstrated
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pronounced inhibition of DENV-2 infection, displaying a moderate effect against DENV-3 and
DENV-4. The interaction of DENV-2's glycoprotein involves both glucuronic acid and sulfated
fucose residues, disrupting the binding of the surface envelope glycoprotein with cell receptors
and thereby exhibiting antiviral activities (Hidari et al., 2008). A dose-dependent response was
observed in the effective suppression of viral replication by the organic extracts from O.
obtusiloba, C. racemosa, and K. alvarezii (Freile-Pelegrin et al., 2019). A proposed target-agnostic
approach for dengue drug discovery involves in-situ ELISA (enzyme-linked immunosorbent
assay) and screening marine weed extracts, with standardized and validated in-situ ELISA for
human hepatoma cell lines infected with all DENV serotypes. In this study, scientists noted that
the antiviral effectiveness against dengue showed dependence on both host-cell type and viral
serotype. Examples include Gymnogongrus and C. crenulata, which demonstrated efficacy against
DENV-2 by impeding multiplication in Vero cells. P. gymnospora and C. racemosa inhibited
DENV-1 and DENV-3, exerting their influence at the early stages of viral infection. Extracts from
Plocamium, Gigantina, and Undaria, demonstrated notable activity when introduced within the
initial hour of DENV-4 viral infection. Various chemical compositions were identified as antiviral
components; for instance, P. gymnospora encompasses fatty acids and sulfated polysaccharides,
while C. racemosa Yyields sterols, terpenes, fatty acids, and alkaloids (Koishi et al., 2012).
Seaweeds exhibit promising larvicidal activity, underscoring the importance of alternative
methods beyond vaccination. The chloroform fraction derived from C. edule stands out as a potent
alternative larvicidal agent to synthetic counterparts, demonstrating substantial efficacy with an
LC50 value of 19.54 ppm. Significantly, the fraction includes myristic acid (12.4%), B-sitosterol
(22.45%), and palmitic acid (25.75%), against A. aegypti. Additionally, these naturally-occurring

metabolites are inherently safe for human application (Alkuriji et al., 2020). S. ilicifolium, S.
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wightii, and G. acerosa extracts displayed larvicidal activity against A. aegypti, with LC90 values
of 423.012, 52.00, and 354.903, respectively, featuring notable phytochemical constituents such

as octadecanoic acid, n-Hexadecanoic acid, and phytol (Pachiappan, et al., 2022).

The C. parvula extract displayed bifunctional impacts on digestive enzyme activity in the mosquito
vector, leading to growth impairment, metabolic imbalance, and eventual mortality. Significantly,
this extract showed no toxicity towards other species and demonstrated eco-friendliness in contrast
to alternative synthetic chemicals. Besides its strong enzyme inhibition targeting essential
components of the digestive system in the dengue mosquito, the C. parvula extract demonstrated
prospective larvicidal effects, a repellent influence, and showcased detoxification enzyme activity,
encompassing CYP450, Carboxylesterase (o and ), and GST, against the vector. Considering
these attributes, the C. parvula extract holds potential for commercialization as an eco-friendly,
natural mosquitocidal agent, capitalizing on its green-based properties (Yogarajalakshmi et al.,

2020).

4.2 Antibacterial activities:
Antibiotic resistance is a global concern due to the escalating use and improper administration of
antibacterial drugs by humans and animals, threatening the effectiveness of essential medicines.
The emergence of drug resistance not only prolongs hospitalization, elevates healthcare
expenditures, and contributes to mortality but also amplifies the incidence of nosocomial bacterial
infections, compounding the multifaceted challenges associated with antibiotic resistance. Marine
algae, regarded as a natural and alluring biotechnological reservoir, present a promising source for

the discovery of innovative antibiotics.
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A total of 39 algal specimens underwent screening for antibacterial efficacy against E. coli and S.
epidermidis. Among Chlorophyta species, C. gracilis exhibited the most substantial inhibition
zone for both bacterial strains. Notably, F. spiralis from Phaeophyta demonstrated complete
clearance of S. epidermidis. The antimicrobial effects were attributed to terpenes and acrylic acid
produced by these algae (Lustigman and Brown, 1991). n-hexane, methanol, and dichloromethane
extracts from 12 marine macroalgae displayed significant antibacterial activity against B. subtilis
but had no effect on E. coli. Notably, S. coronopifolius exhibited the strongest inhibition of B.
subtilis, with isolated metabolites including fatty acids, acetogenins, hydrocarbons, and terpenes.
This positions S. coronopifolius as a promising candidate for the development of antibacterial
drugs (Pinteus et al., 2015). Bangladeshi marine algae, tested against various pathogens, showed
superior antibacterial activity in ethanol extracts compared to methanol and chloroform. Chlorella
sp, A. specifera, E. prolifera, Nostoc sp, and U. lactuca, inhibited all strains, with A. specifera
notably effective against B. subtilis (17 mm). Noteworthy efficacy was observed in Nostoc sp, E.
prolifera, Chlorella sp, D. membranacea, U. lactuca, and S. vulgare, against B. subtilis (17.9 mm),
P. aeruginosa (16.1 mm), K. pneumoniae (20.3 mm), E. coli (26.0 mm), S. aureus (12.7 mm), and
K. pneumoniae (14 mm), respectively. Antibacterial compounds identified included phenols,
brominated phenols, hydroquinones, polyphenols, and sesquiterpenoids (Mehadi et al., 2015).
Screening encompassed 44 macroalgae species across three major divisions, and exclusive
antibacterial activity against all targeted microorganisms, including B. subtilis, A. fumigatus, E.
faecium, S. cerevisiae, S. marcescens, M. smegmatis, P. aeruginosa and S. aureus, was
demonstrated by only one species, A. taxiformis, exhibiting the highest inhibition zone of 15mm
among the 28 species with antimicrobial activity (Gonzalez et al., 2001). Moderate activity against

various nosocomial bacteria (P. aeruginosa, E. coli, K. pneumoniae, B. cereus, S. aureus, and B.
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subtilis) was exhibited by ethanol crude extracts from U. lactuca, L. optusa, and T. triquatra, along
with their fractions containing oleic acid, palmitic acid, fucoxanthin, and fucestercol. Oleic acid,
a monounsaturated fatty acid, hinders the activity of the protein kinase KinA, impacting
sporulation initiation in B. subtilis, while also inducing membrane depolarization, leading to a
significant decrease in bacterial viability. Inhibitory effects on B. cereus spore formation were
observed with palmitic acid. The inhibition of these bacteria may be attributed to the cytotoxicity
effects of fucosterol and fucoxanthin. Plasmolysis and a reduction in the cell size of E. coli were
induced by a combination of oleic and palmitic acid (Deyab, 2013). Eicosapentaenoic acid sourced
from P. tricornutum, in addition to butanoic acid and methyl lactate extracted from H. pluvialis,
demonstrated cell lysis capabilities against a diverse range of bacteria, spanning both Gram-
positive and Gram-negative strains, inclusive of MRSA. Unsaturated and saturated long-chain
fatty acids from S. costatum exhibited antibacterial effects against Vibrio spp and L.
monocytogenes by impeding cellular respiration, inducing cell membrane damage, causing cell
leakage, and reducing nutrient uptake Lysis of bacterial protoplasts, disrupting the growth and
survival of bacterial strains, was induced by compounds derived from the organic extract of S.
costatum. Potent antibacterial activity was demonstrated by the extract, with MIC values of 7.8
nug/mL and 1.9 pg/mL against S. aureus and H. influenza, respectively, as well as against E. coli,
P. aeruginosa, S. epidermidis, M. luteus, P. phosphoreum, A. hydrophila, among others (Amaro

etal., 2011).
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Table 3: Extracted compounds from marine algae with antibacterial activities

. . Targeted bacteria Activity
Biological
Compounds IC50 or Ref
source Gram + Gram -
MIC
Elatol, o
deschloroetatol, L. rigida, M. 32 pgmL, .

. . 1 Konig et al.,
allolaurinterol, L. obtusa, - tuberculosis, | 16 pg mL ~, 2000
debromolaurinterol | . flexilis M. avium 64 ng mL
(terpenes)

) Salmonella | 25.30 mm,
sp,
Ko 11924 mm
pneumoniae,
Elatol, 1SO- S. 712
. - 12 mm
obtusol, epidermidis, | _ Vairappan, 2003
laurinterol, L. spp,
allolaurinterol, L. majuscula S. aureus, 19-24 mm )
isolaurinterol, L. okamurae - Vairappan etal.,
cupalaurenol s 2004
(Sesquiterpenes) ' )
pneumoniae, | 1.6 pg mL -1
Enterococcus
sp,
Escherichia
S. faecalis 6.3 ngml-1
S. aureus ) 0.3 pg mL*,
EMRSA- 16, Smyrniotopoulo
s setal., 2008
B i ' - ) : L
romoditerpens coronopifolius S. aureus 0.5ugm _
(ATCC Smyrniotopoulo
25923) setal., 2010
P.
- . 6.35 UM
aeruginosa
:Z:g:ftriirgic acid S S. pyogenes P. acnes 15 hgmL", Kamei et al.,
gaq " | macrocarpum - PYog ATCC 11827 2009
Sargachomenol
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Table-3 continued

Fucoidan (52.7% V.cholerae, |31 pgmL?, | Maradhupandi
fucose and 29.3% | S. wightii - P. and Kumar,
sulfate) aeruginosa | 62.5 ygmL? | 2013
. L : 10 mg mL+, .
Fucoidan L. japonica S. aureus E. coli Liuetal., 2017
P. Jegan et al
Polyphenol tetrastromatica, | S. aureus - 7.7-26.5 mm Zogl9 K
P. gymnospora
E. coli
(Serotypes
: 4 log?® B t
Phlorotannins A. nodosum - 0113: H21 (G:FUC/)SmZ alur;grllgng ¢
and 0154: h
H10)
S K.
Fucoxanthin L. obtusa, T. - SUTEES, neumoniae
. triquetra, U. B. subtilis, P . " | 4mm-7mm | Deyab, 2013
(carotenoid) lactuca E. coli, P.
B. cereus aeruginosa
Saringosterol Lessonia s M. 0.125 pg/mL- | Wechter etal.,
g P ) tuberculosis | 1.00 pg/mL | 2001
Phlorofucofuro-
eckol A (PFF-A) L Eom et al., 2013
Eckol, E. bicyclis MRSA P. acnes 32-64 pg/mL
. . Eom et al., 2017
Phloroglucinol (six
derivatives)
Diphlorethohy- I. okamurae S. aureus P. . 128 pug/mL Kim et al., 2020
droxycarmalol aeruginosa
P.
. aeruginosa,
Cladophorols A MDR strain | £ coll Bhowmick et
phorols A — - - coll, owmick e
of VRE/
| C. socialis S K. 1.4 ng/mL al., 2020
- faecium pneumonia,
A. baumanni
B hveolids J E. faecium, - 5.8 uM
Qromop YEOUES &1 & serratus S. aureus M. Lane et al., 2009
- tuberculosis | 1.4 uM
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Tuberculosis poses challenges with prolonged treatments and severe side effects, effective therapy for
Mycobacterium species (M. tuberculosis, M. bovis) requires direct delivery of antitubercular agents to the lungs
due to their intracellular survival in host alveolar macrophages. Several natural polymers present an important
advantage, being composed of basic units that directly recognize the macrophage's lectin type and seven
transmembrane receptors which are reported as macrophage activators. These macrophages might recognize
several moieties on the infecting organisms or bacterial cell wall surfaces. Fucoidan extracted from L. japonica,
comprising sulfated fucose and additional sugar residues, demonstrates an affinity for alveolar macrophage
surface receptors, promoting microparticle internalization and enabling drug delivery at the injection site.
Inhalable fucoidan, combined with isoniazid (92%) and rifabutin (95%), and directly administered to the
respiratory zone with suitable aerodynamic characteristics, demonstrated effective inhibition of mycobacterial
growth in vitro. These drug-loaded microparticles exhibited no cytotoxicity on lung epithelial cells (A549) but
showed mild toxicity on THP-1 cells at the minimum inhibitory concentration (MIC) of 1mg/mL which presents
a promising prospect as a potential treatment for tuberculosis (Cunha et al., 2018). Derived from red edible
seaweed, Carrageenan, a sulfated polysaccharide, directly targets alveolar macrophages. The successful
production of an inhalable microparticle formulation, containing Carrageenan, isoniazid (96%), and rifabutin
(74%), demonstrated no toxicity to lung epithelial cells. Carrageenan, acknowledged by macrophage lectins, acts

as a platform for precise drug delivery (Rodrigues et al., 2020).

4.3 Anti-parasitic/Anti Protozoal activity:

Neglected communicable protozoa parasite diseases (such as Malaria, Leishmaniasis, and trypanosomiasis),
prevalent in tropical regions, pose a severe threat to human health, particularly impacting impoverished
populations in developing countries. As per the WHO, the neglected tropical diseases (NTDs), encompassing 20
conditions, are endemic in 149 nations, impacting over one billion individuals globally. (WHO, 2023

https://www.who.int/news-room/questions-and-answers/item/neglected-tropical-disease)
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Chemotherapy, the primary approach for tackling these diseases, is marked by potential toxicity, pain, lengthy
procedures, and restricted access, posing challenges for impoverished individuals affected by these conditions
(Falkenberg et al., 2019). Malaria, leishmaniasis, and trypanosomiasis emanate from parasitic protozoa
belonging to the genera Plasmodium, Leishmania, and Trypanosoma species. Trypanosomiasis, a vector-borne
NTD, is caused by the kinetoplastide parasite genus Trypanosoma, and it is transmitted to humans through bites
from Glossina sp (tsetse fly) or triatomine bugs. Existing therapeutic options for these diseases include
Nifurtimox, Suramin, Pentamidine, Denznidazole, Eflornithine. Leishmaniasis, resulting from diverse species
such as L. donovani, L. chagasi, L. infantum, L. major, L. tropica, L. braziliensis, L. mexicana, L. amanzonensis,
and others, is transmitted via female phlebotomine sandfly bites, with available therapeutic options in the market
encompassing Liposomal amphotericin B, Miltefosine, AmBisome, Paramomycin, Deoxycholate, and more
(Freile-Pelegrin et al., 2019). Malaria, the most perilous and infectious ailment induced by Plasmodium species
(including P. falciparum, P. ovale, P. vivax, P. malariae, etc.), formerly depended on medications like
Chloroquine, Quinine, and Quinidine until 2006. Artemisinin derivatives, specifically artemether and artesunate,
along with amodiaquine, mefloquine, sulfadoxime-pyrimethamine, etc., constitute the current
pharmacotherapeutic arsenal against malaria (Alvarez-Bardon et al., 2020). The primary transmitter of the
malaria parasite P. falciparum is the female Anopheles stephensi mosquito. However, among the approximately
400 extant species of Anopheles mosquitoes, about 30 species are recognized as formidable vectors capable of
causing malaria (WHO, World Malaria Report (2022)). Marine macroalgae harbor various natural products

known  for  their  reported  antiparasitic = effects. =~ A  selection of  these includes.
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Table 4: Antiparasitic effect of marine algae and their mechanisms of actionl

Active compounds of marine

Target Mechanism of Action
algae

L. drendoidea (elatol, obtusol, a . Triggering mitochondrial membrane depolarization and
L A o L.amazonensis . : . : :
triquinane derivative (silphiperfol-5- . boosting reactive oxygen species levels without harming

T. cruzi
en-3-ol)) the host cell.

Depolarization and lipid peroxidation of the mitochondrial

D. pfaffi (dolabelladienetriol) L. amazonensis and target membranes,

Efflux pumps confer chloroquine resistance in parasites,

C. serratus (bromophycolide A and its while bromophycolide A acts through acylation in the p-

derivatives) P. falciparum hydroxybenzoate group, inhibiting heme crystallization
and artemisinin.
L. viridis (Dehydrothysiferol, 28- T. cruzi Adding an iodine atom showed notable antileishmanial
iodosaiyacenols A and B) L. amazonensis effectiveness.
Clearing 90% of parasite burden in liver and spleen
L. japonica (Sulfated Polysaccharide . involves a potent Th-1 response, triggering NO production
; L. donovani . . . S
fucoidan) and increased free radical generation in infected
macrophages.
L.infantum, i i i i
L. vadossa (Fucosterol) . Effectively targeting mtracellu!a_r amastigotes and
L. amazonensis extracellular promastigotes, no toxicity to the host cell.
Sargassum sp (Quinone) L. amazonensis Balanced macrophage activity by inhibiting NO and

stimulating ROS production.

Comparable anti-L.amazonensis amastigote activity was demonstrated by meroditerpenoid atomaric acid and its
methy| ester derivatives from S. zonale (Soares et al., 2016). Antiplasmodium efficacy against the P. falciparum
parasite was demonstrated by fucoxanthin, saragaqunoic acid, Saragaquinoic acid, sargahydroquinoic acid, and
tetraprenylated toluquinols, all derived from S. heterophyllum (Afolayan et al., 2008). Geranylgeraniol, steroids,
and phenols within a range of phytochemical classes exhibited promising molecular targets against Leishmania,
Trypanosoma, and Plasmodium spp parasites; notably, 2°,4"-dihydroxychalcone was recognized as a selective
inhibitor acting on the glycolytic enzyme glycerol-3-phosphate dehydrogenase in these parasites (Falkenberg et
al., 2018). Spiralyde A and 3,4-epoxy-7,18-dola—belladiene, derived from the crude extract of D. spiralis and
possessing antikinetoplastidal activity, demonstrated moderate inhibition against L. amazonensis (Chiboub et al.,
2019). Among the fractions isolated from B. tenella, including fatty acids, esters, steroids, low molecular
hydrocarbons, and neophytadien, certain fractions exhibited superior antiprotozoal activity compared to gentian

violet and amphotericin B against T. cruzi and L. amazonensis (de Felicio et al., 2010). The dichloromethane



extract of D. menstrualis yielded bicyclic diterpenes, namely pachydictyol and isopachydictyol, which exhibited
noteworthy anti-leishmanial activities against L. amazonensis promastigotes. Notably, these compounds
effectively impeded parasite growth, all while demonstrating toxicity levels equivalent to those observed in
macrophages (Freile-Pelegrin et al., 2019). Derived from C. cervicornis, the 4-acetoxydolastane diterpene
demonstrated noteworthy antileishmanial effects against diverse forms of L. amazonensis—promastigotes,
intracellular amastigotes, and axenic amastigotes. Moreover, it induced heightened lipid peroxidation, substantial
ultrastructural changes, and mitochondrial depolarization (Santos et al., 2011). Derived from B. bifurcata,
elenganolone, an acyclic diterpene, showed strong antitrypanosomal activity against T. brucei trypomastigotes
and notable growth inhibition against both T. brucei and T. cruzi. Furthermore, it exhibited potent antiprotozoal
activity against P. falciparum. Derived from the same species, Bifurcatriol has exhibited inhibitory effects against
both Trypanosoma sp and Plasmodium sp, underscoring its potential as an antiparasitic compound (Freile-

Pelegrin et al., 2019) (Smyrniotopoulos et al., 2017)

4.3.1 Malaria:

Malaria occurs due to infection by an apicomplexan endoparasites species of Plasmodium genus, which are
transmitted by Anopheles sp. mosquitoes, and is a major problem in developing countries. P. falciparum is
responsible for 99% of malaria cases in African and Asian regions, while P. vivax approximately 9% of cases

world wide (Alvarez-Barddn et al.,2020). According to WHO (2022) (https://www.who.int/teams/global-malaria-

programme/reports/world-malaria-report-2022), 99% of estimated malaria cases were in Africa, followed by

Western Pacific (71.9%), the Eastern Mediterranean (69%) Southeast Asia (62.8%) were caused by P. falciparum
parasite (Hikmawan et al., 2020). Over 70% of malaria-related fatalities in the region are ascribed to P. falciparum,
frequently resulting from delayed treatment (\World Malaria Day, WHO 2023). Quinine and quinidine, the initial
compounds isolated from the cinchona tree bark in the early 19th century, functioned as antimalarial drugs until
2006. Serving as the foundational scaffold, artemisinins, as sesquiterpene lactones, are utilized in the synthesis of
semisynthetic derivatives such as artemether and artesunate. These derivatives are currently employed in the

management of both complicated and uncomplicated cases of falciparum malaria (Alvarez-Bardon et al.,2020).
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Combining artesunate with mefloguine serves in managing uncomplicated malaria, addressing chloroquine
resistance, and providing prophylaxis for travelers. Additionally, introducing sulfadoxine and pyrimethamine in
combination therapy, along with artesunate, is part of the treatment strategy for uncomplicated falciparum malaria

resistant to chloroquine (Alvarez-Bardon et al., 2020).

Chloroquine-resistant P. falciparum displayed high susceptibility to a mono-hydroxy acetylated sterol derivative,
Helymeniaol, produced by Halymenia sp, demonstrating antimalarial potency without inducing cytotoxicity
(Meesala et al., 2018). Potency against the P. falciparum strain has been demonstrated by several valuable
antimalarial compounds from marine cyanobacteria, including Hoshinoamides A and B, gallinamide A-18,
Ulongamide A, Palstimolide A, Lyngbyabellin A, symplostatin 4-19, and Ikomide (Nweze et al., 2021)
(Abdollahi et al., 2018). Intriguing insights into the impact on the plasmodium vector A. stephensi were provided
by the toxicity assessment of diverse solvent extracts from S. wightii, S. ilicifolium, and G. acerosa. Lethal effects
on A. stephensi were manifested by S. wightii ethyl acetate extract, with a mortality rate recorded at a
concentration of 3.98 pug/mL as LC50 and 12.17 pg/mL as LC90 value. Subsequently, a fatality rate on A.
stephensi was demonstrated by G. acerosa ethyl acetate extract, with concentrations of 4.59 pg/mL as LC50 and
15.91 pg/mL as LCI0 value. Lastly, the highest mortality was showcased by S. ilicifolium ethyl acetate extract,
with a concentration of 18.934 ug/mL as LC50 and 371.753 pg/mL as LC90 value. These findings indicate that
the ethyl acetate extracts of all seaweeds may contain significant metabolites responsible for inducing the highest
larval mortality (Pachiappan et al., 2022). The mass spectral analysis of ethyl acetate crude extracts from S. wightii
unveiled 15 compounds, featuring Phytol acetate at 11.93% and Hexadecanoic acid at 21.07%, potentially linked
to mosquito larvae mortality. Likewise, S. ilicifolium extracts comprised 11 compounds, including 3-Tetradecene
(12.66%) and 5-Octadecene (7.19%), suggesting potential contributions to larvicidal effects. G. acerosa, with 20
identified compounds, showcased Cholest-5-en-3-ol (23.70%) and hexadecanoic acid (46.76%) as potential

agents implicated in the recorded mortality of mosquito larvae (Pachiappan et al., 2022).

Superior efficacy against malaria has been demonstrated by various marine algae when compared to standard

drugs. The anti-plasmodial potential of terpenoids extracted from B. bifurcata and L. vadosa was found to be
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equivalent to that of well-known drugs artemisinin and chloroquine. Additionally, the effectiveness of metabolites
from S. heterophyllum surpassed that of chloroquine against P. falciparum. Notably, the most potent compounds,
sargaquinoic acid, sargahydroquinoic acid, and sargaquinol, were found to exceed the activity of chloroquine
against the parasite (Afolayan et al., 2008). In vivo analysis revealed that a dose of 100 mg kg-1 day-1 of U.
pinnatifida containing fucoidan resulted in a 37% reduction in parasitic burden in P. berghei-infected BALB/c
mice (Chen et al., 2009). The most active compounds against chloroguine-resistant parasites, P. falciparum, were
found to be Bromophycolide A and its derivatives, which were isolated from C. serratus. Additionally, these
compounds were characterized by their potential as they were not substrates for efflux pumps, displayed low

toxicity to mammalian cells, and acted as inhibitors of heme crystallization (Stout et al, 2011).

4.4 Preventive and Protective agents for cardiovascular diseases (CVDs):
Cardiovascular diseases encompass a spectrum of disorders affecting the heart and blood vessels, constituting a
multifaceted array such as Ischemic heart disease, Stroke, and Peripheral vascular disease. Within this realm,
Valvular heart disease, congenital heart defects, and Elevated cholesterol levels further contribute to the intricate
tapestry of cardiovascular anomalies. Deep vein thrombosis and pulmonary embolism, both intricately woven
into this complex fabric, underline the diverse challenges within this group. Comprising a spectrum of risk factors,
CVDs are influenced by a myriad of elements, including intrinsic factors such as family ethnicity, history, and
age, alongside modifiable aspects like physical inactivity, unhealthy diet, harmful alcohol consumption, and
tobacco use. Hypertensive disorder, lipid metabolism disorder, elevated blood pressure, overweight, and obesity
are conditions wherein these behaviors and risk factors are typically reflected (Cardoso et al., 2015). Comprising
a staggering 31% of global mortality, cardiovascular diseases (CVDs) cast a formidable shadow on public health.
Projections ominously predict that approximately 23.6 million lives will succumb to the grasp of CVDs by the
year 2030 (Aronow, 2008). Numerous studies show that lipid-lowering drugs effectively reduce cardiovascular
events; however, the prevalent side effects (hepatic and rhabdomyolysis) have spurred a shift towards exploring

traditional and alternative treatments. Soluble dietary fibers, lipids, phlorotannins, minerals, peptides, and an array
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of valuable compounds derived from macroalgae intricately participate in fostering cardiovascular well-being.
Additionally, seaweeds are acknowledged as a natural repository of liposoluble vitamins, embracing tocopherols,
B-carotene, and polyunsaturated essential fatty acids, such as those from the omega-3 family, potentially acting

to alleviate the susceptibility to cardiovascular diseases.

Positive impacts have been noted in adult mice subjected to a cholesterol-rich diet, about plasma lipid levels,
cardiac oxidative stress, and the expression of genes related to inflammatory cytokines, as a result of the
administration of the ethanolic extract from U. lactuca. Oxidative stress induced by hypercholesterolemia was
alleviated, the expression of pro-inflammatory cytokines was reduced, the inflammation process was inhibited,
and myocardial injury was prevented by the free radical scavenging activity of U. lactuca. Phytochemical
investigation substantiated that five principal flavonoids from U. lactuca (quercetin-3-0-glucoside, isorhamnetin,
vanillic acid, isorhamnetin derivative, and luteolin derivative) actively contributed hydrogen to neutralize free
radicals, thereby suppressing lipid peroxidation and averting the onset of hypercholesterolemia (Kammoun et al.,
2018). A significant reduction in the serum lipid profile, including lowered plasmatic levels of TC, TG, and LDL-
C, was induced by ulvans derived from U. fasciata in hypercholesterolemic rats. (Borai, et al., 2015). The
supplementation of diets with 21% of H. elongata or 23% of G. pistillata or 5% of dried D. tenuissima in
hypercholesterolemic Wistar rats demonstrated notable effects. Specifically, in Himanthalia-treated rats,
plasmatic TG levels decreased by 28%, while HDL-C increased by 20%. Gigartina diet-supplied rats exhibited a
significant decrease of 31% in TG, 18% in TC, and 16% in LDL-C. Moreover, D. tenuissima supplementation
resulted in a substantial reduction in plasmatic TG levels by 38% and TC by 17% (Villanueva et al., 2014) (Kumar

etal., 2015)



Table 5: The effects of some seaweed extracts on CVDs

Seaweeds species Induced Model Effects/Activity Ref
G. chanai high-cholesterol/ high- | lipid-lowering therapy , influence plasma TC, TG, | Chan et al.,
' g fat sprague-Dawley rats | HDL-C, and LDL-C levels 2015
normal and STZ- ) K?m, M. and
E. cava T Reduced concentrations of TG, TC, and LDL-C | Kim, H. S.
diabetic mice
2012
S. benderi, M. . . . Ruqqia et al.,
alfaghusainii Hyperlipidemic rats reductions of LDL-C, TC, and TG 2015
Hypolipidemic impacts, S. polycystum and K.
K. alvarezii, S. | high-cholesterol diet fed | alvarezii decreased plasma cholesterol by 37.52% Dousin. 2014
polycystum rats and 16.66% and TG level decreased by 40.11%, P.
HDL-C level increased by 56.71%
. . Lipid fraction increased DHA, AA, TC and HDL- | . .
S. horneri, Cystoseira . . Airanthi et
. . K K- Ay mouse C levels, while decreased hepatic cholesterol and
sp, U. pinnatifida al., 2011
TG levels
. D I f 24%, T %, T
U. ohnoi, D. tenuissima high carbohydrate, b ei;e‘;seaaztilfgs yreztsfr)t/a b 209 m(an Ib—|y 3ﬁ100reasce’: Kumaretal.,
' T High-fat diet fed rats y 117, and blood p y g 2015
Glucose utilization.
Phlorotannin and fucoxanthin lower oxidative
atherosclerosis-related stress markers serum malonaldialdehyde, decrease | Lihn et al.,
S. subrepandum . . .
model pro-inflammatory factors like leptin and TNF-a, | 2005

and boost anti-atherogenic adiponectin

Algal oil with
DHA/Docosahexaenoic

11 controlled trials with
485 healthy participants

reduction of TG, increased HDL-C and LDL-C

Bernstein et

Acid V\{ithout coronary heart al., 2012
disease

U. intestinalis Single factor analysis | trypsin  hydrolysates along with 4 other | Sunetal.,
and RSM Method hydrolysates exhibited ACE inhibitory activity. 2019

P. yezoensis human liver cultured | Porphyrin  reduced apolipoprotein- B 100 | Inoue et al.,
cells decreased synthesis of lipids 2009

. High-sucrose, high-fat | decreased the levels of intra-abdominal fat, TC, Rz_amwez-
U. linza, L. trabeculata diet-fed rats. TG SOD Higuera,
’ (2014).

The established strategy for hypertension treatment involves the inhibition of ACE-I. Remarkable ACE-I

inhibitory activity has been demonstrated in various seaweeds, including U. pinnatifida, E. cava, P. tenera, C.

crassicaulis, G. amansii, G. tenella, H. fusiforme, E. stolonifera, S. japonica, and S. horneri. This effect is
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attributed to the presence of phlorotannins such as eckol, phlorofucofuroeckel A, and dieckol, along with the
pigment Fucoxanthin (Cardoso et al., 2015). Peptides derived from P. yezoensis, along with papain and trypsin
from P. palmata, as well as pepsin from U. pinnatifida and C. microphysa, demonstrate proficient abilities in
targeting ACE-I. Inhibitory activity on blood pressure induced by ACE-I in spontaneously hypertensive rats was
demonstrated by the peptide fraction obtained from U. pinnatifida (Suetsuna et al., 2004). Ingesting edible G.
amansii augmented lipolysis, leading to diminished adipose tissue, thereby mitigating TNF-a, IL-6, and PAI-1
levels and mitigating the susceptibility to cardiovascular diseases in rats with diabetes. (Aziz, et al., 2020). Reports
indicate that alginic acid extracted from S. wightii exhibits hypocholesterolemic effects and manifests anti-
hypertensive potential (Sarithakumari et al., 2013). The antioxidative potential of U. pertusa (Ulvan derivative)
in the livers of hyperlipidemic rats was underscored, emphasizing its role in protecting hepatic tissue against the
influence of a cholesterol-rich diet and showcasing its anti-hyperlipidemic capabilities (Shah, et al., 2020).
Exgtracgt from P. palmata decreased blood pressure by 34 mm Hg and showed renin inhibitor activities by
58.97%, investigtated with spontaneously hypertensive rats (Beaulieu, 2019). Potential effects on
hypercholesterolemic rats were exhibited by fucoidan from S. wightii and F. vesiculosus, with elevated serum
levels of TNF-a and C-reactive protein, NO concentrations in plasma and cardiac tissues, as well as the levels of
INOS, COX-2 and cardiac mRNA being reduced by a dose of 5 mg/kg bwt/day for 7 days (Preetha and Devaraj,
2010). Sulfated polysaccharides from unicellular algae, as illustrated by P. cruentum and R. reticulata,
demonstrate significant promise as agents with hypolipidemic and hypoglycemic properties, providing a potential
avenue to alleviate coronary heart diseases due to their cholesterol-lowering effects. Ulvan not only enhances bile
acid excretion and facilitates the removal of excess cholesterol from the bloodstream but also contributes to a
reduction in serum cholesterol, functioning as dietary fibers with the capacity to lower cholesterol (Raposo et al.,
2015). The development of beverages with seaweed or their extracts can prevent distinct diseases, including
cardiovascular disorders. A beverage comprising water-insoluble algal dietary fiber (ranging from 0.01% to 20%),
along with fruit juice, citric acid, sugar, water, and, plant thickeners, has been patented by Fu and colleagues,

with the intention of averting cardiovascular diseases. A fortified drink with antihypertensive effects, containing
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H. fusiforme, has been patented by Kim. Korea Bio. Polymer Co. Ltd obtained a patent for a functional beverage
aimed at improving cardiovascular health, incorporating Polymann, a refined variant of polymannuronic acid
derived from Undaria kelp. Nagai and colleagues reported that beverages formulated with E. cava could derive
benefits from their proficiency in targeting ACE-I, coupled with their abundance in minerals and phenolics
(Cardoso et al., 2015). Incorporated within select marine crops used as food, including Nori (P. yezoensis in
Japan), are essential components such as PUFA, soluble fiber, and sterols. Pivotal roles in human health are served
by these constituents, actively contributing to the reduction of cholesterol levels and the promotion of

cardiovascular well-being (Aziz et al., 2020).

4.5 Antidiabetic potentiality:

Diabetes mellitus, characterized by a chronic metabolic imbalance, manifests through either inadequate insulin
production in Type 1 or diminished insulin sensitivity in Type 2, culminating in elevated blood glucose levels.
Insufficient insulin secretion or the emergence of insulin resistance in peripheral tissue results in heightened blood
glucose levels, rendering diabetes mellitus among the most prevalent chronic conditions globally. Type 2 diabetes,
comprising 90% of all diabetes cases, presents more significant health challenges compared to Type 1. Damage
to pancreatic B-cells halts insulin production, and the sole remedy is insulin replacement therapy (Bermano et al.,
2020). Addressing diabetes mellitus involves a range of approaches, including adjusting the activities of a-
glucosidase or a-amylase, modulating the AMPK signaling pathway, managing obesity, curtailing ROS, focusing
on DPP-4, GIP, and GLP-1. Moreover, impeding carbohydrate hydrolyzing enzymes and PTP1B enzymes,
amplifying glucose uptake effects, and imparting additional protective measures collectively contribute

beneficially to regulating sugar levels and alleviating complications linked to diabetes (Chin et al., 2019).

The polysaccharide present in G. amansii demonstrates a blood sugar-lowering effect in rats with diabetes.
Continuous use of G. amansii significantly improves the deterioration of glucose tolerance in a rat model exposed
to a high-fructose diet. Adding G. amansii hot water extract to the diet lowers both plasma and liver cholesterol

levels, concurrently boosting the excretion of fecal cholesterol bile acids and triacylglycerol (Aziz, et al., 2020),
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(Yang et al., 2017). In an animal study, diabetes mellitus was effectively prevented by the inhibition of a-
glucosidases, intestinal sucrase, and maltase through the use of 2,4,6-tribromophenol and 2,4-dibromophenol
purified from G. elliptica (Kim et al., 2008). Therapeutically, PTP1B is considered one of the prime targets for
treating obese patients and those with non-insulin-dependent diabetes. Caulerpin, Caulerpic acid, Bisindole
alkaloids, and racemesin C, in C. racemosa, along with caulersin from C. serrulata, exhibit potent PTP1B
inhibitory activities, while diterpenes 4,5-dehydrodiodictyonema A, a-toxylenoxy and a-tocopheroid, from C.
racemosa, along with (23E)-3b-hydroxystigmasta-5,23dien-28-one, act as effective preventive agents against
PTP1B, with the latter having a notable IC50 value of 3.80 uM (Shah et al., 2020) (Yang et al., 2015). Water
extracts from Padina, Halimeda, Sargassum, and Kappaphycus, demonstrated efficacy in ameliorating insulin
resistance, lowering hyperglycemia, and safeguarding the liver and pancreatic tissue against damage induced by
a high-fat diet in mice. The analysis revealed that punctuate, identified as the most potent bioactive compound,
not only inhibited both a-glucosidase and DPP-4 but also significantly reduced the body weights of the obese
mice. Sargassum normalized glycogen levels, Padina partially increased muscle glycogen, and punicate, o-
linolenate, arachidonate, and Phytol exhibited substantial inhibition of a-glucosidase and DPP-4 (Chin et al.,
2019). The flavonoid fraction  5-hydroxy-6,7-dimethoxy-2[4-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-
(hydroxymethyl)oxan-2-y1]oxyphenyl]chromen-4-one exhibited lipid-reducing activity in zebrafish, and the
polyphenol 2,4-dihydroxyheptadec-16-ynyl acetate not only showed lipid-reducing effects but also inhibited
acetyl-CoA carboxylase, offering a promising approach for obesity treatment (Bel Mabrouk et al., 2020). At low
concentrations of 12.5 mg/mL, A. nodosum demonstrated potent inhibition of a-glucosidase activity. Extracts
from F. vesiculosus exhibited close to complete inhibition (approximately 100%) of a-glucosidase, while the
extraction from P. palmata demonstrated a substantial 81% inhibition of DPP-4. Porphyrin derived from
Porphyra extract demonstrated efficacy in diminishing postprandial blood glucose levels and ameliorating
glucose intolerance, whereas phenolic compounds found in L. digitata were identified as contributors to the

reduction of the baseline GLP-1 level (Calderwood et al., 2021).
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Extracts from U. pinnatifida, Sargassum sp, L. japonica, L. digitata, and F. distichus showed a-glucosidase and
a-amylase inhibitory activities like acarbose, attributed to chemical groups like polysaccharides, plastoquinones,
phlorotannins, and phenolic compounds. Fucoidan from T. ornate, T. conoides, and S. wightii, also inhibited both
enzymes (Bermano et al., 2019). Plasma glucose levels were significantly reduced by more than 50%, and both
intestinal and plasma a-amylase were inhibited in diabetic rats by C. fragile, effectively preventing cellular
damage induced by alloxan (Bermano et al., 2019). The ethanol or water extracts of S. polycystum, in conjunction
with polyphenolic fractions, demonstrated significant decreases in glycated hemoglobin, blood glucose, blood
triglycerides, the plasma atherogenic index, and total cholesterol in diabetic rats (Motshakeri et al., 2013).
Flavonoid-rich extracts derived from E. prolifera enhanced glucose tolerance by modulating the expression of
insulin signal transduction genes. The increased expression of IRSI, PI3K, and AKT was observed, concomitant
with a reduction in JNK gene expression (Yan et al., 2019). Administering a 12-week treatment of 400 mg/d E.
cava polyphenol extract to Korean adults with elevated cholesterol significantly lowered total cholesterol, LDL-
C, and CRP levels. Inhibition of adipogenesis is potentially attributed to the downregulation of AMP-activated
protein Kinase signaling by the phloratannin dieckol in 3T3-L1 preadipocytes (Cherry et al., 2019). Another
mechanism to reduce blood cholesterol in humans by sulphated polysaccharides is associated with their high
capacity to inhibit pancreatic cholesterol esterase which is responsible for the absorption of cholesterol and fatty
acids in the intestine. Sulphated polysaccharides, indeed, regulated the activities of superoxide dismutase and
catalase, elevated levels of vitamins E and C, and decreased glutathione levels, as well as the levels of aspartate

and alanine transaminases in the liver of rats (Raposo et al., 2015).

4.6 Anticancer activities:
According to WHO, an estimated 21 million new cancer cases and 13 million deaths are projected to occur by
2030, highlighting the significant global impact of this lethal disease (WHO Report on Cancer: Setting Priorities,
Investing Wisely, and providing Care for All. 2020). Lung and breast cancer, with 2.21 million and 2.26 million
cases respectively, are the leading causes of cancer-related deaths, while colon, stomach, bladder cancer, liver,

prostate, non-melanoma, non-Hodgkin lymphoma, and leukemia are also prevalent types of cancers worldwide



(World Health Organization, WHO,2022). Surgical removal, radiation therapy, and cytotoxic drug-based
chemotherapy represent the principal treatment approaches for diverse medical conditions, including cancer;
however, they are fraught with the inherent difficulty of inducing adverse side effects. Bioactive compounds from
nature, especially metabolites derived from marine sources, manifest cytotoxic effects by selectively impacting
macromolecules within cancer cells. These compounds showcase robust antitumor efficacy, demonstrating
significant growth inhibition in human tumor cells both in laboratory settings/in vitro, animal models/in vivo, and
clinical trials for cancer treatment, like Taxol from the western Yew tree bark (Taxus brevifolia), have
demonstrated effectiveness in preventing and treating cancer, particularly showing utility in breast cancer
treatment (Khalifa et al., 2019). Algal metabolites safeguard normal cells from genetic harm and exhibit properties
that deter cancer growth, causing cell death and preventing proliferation. In contrast, standard anticancer
treatments like ionizing radiation, hyperthermia, alkylating agents, DNA topoisomerase inhibitors, and platinum
compounds inflict non-specific DNA damage, impacting both healthy and rapidly dividing cancer cells

(Abdollahi et al., 2018).

Anticancer activities of eight algal meroterpeneoids, including usneoidone Z, cystomexicone B, cystomexicone
A, cystodione A, and cystodione B, 11-hydroxy-1-0-methylamentadione, 6-cis-amentadione-1-methylether,
amentadione-1'-methylether, from C. usneoides, were investigated. The growth of human colon cancer cells HT-
29 was inhibited by all the meroterpenoids, with cell cycle arrest in G2/M phase induced by most of them and
apoptosis triggered by some. These meroterpenoids elicited a decline in the phosphorylation status of extracellular
signal-regulated kinase, suppressed phosphorylation of protein kinase B, and attenuated the phosphorylation
levels of C-JUN N-terminal kinase (Zbakh et al., 2020). Antiproliferative activity against cervical cancer cells
(IC50: 309.048 pg/mL) was exhibited by methanol extracts from E. intestinalis, while Erhlich's carcinoma cell
line was suppressed by E. prolifera with 51.7% inhibition (Paul and Kundu, 2013) (Noda et al., 1990). The
scrutinized isolated compound caulerpin from Caulerpa was found to impede HIF-1 and hinder the induction of
HIF-1a protein, a crucial oxygen-regulated subunit, in specific cancer cell lines (LOVO, MDA-MB-231, SW480,

T47-D, HMEC, DU145, MCF-7, PC3) under hypoxic conditions. a-tocopherol quinone from Caulerpa sp
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exhibited cytotoxicity against human carcinoma and promyelocytic leukemia cells, while glycoprotein from C.
decorticatum, and algal extract from C. compressa demonstrated superior anticancer activity against human breast
carcinoma cells; additionally, Caulerpenyne from C. taxifolia is employed in colorectal cancer (Shah et al., 2020).
The consumption of seaweeds has yielded divergent effects; specifically, the intake of Porphyra spp is inversely
associated with breast cancer risk in premenopausal women, whereas U. pinnatifida consumption has been
implicated in inducing thyroid cancer among postmenopausal women (Cherry et al., 2019). Antitumor functions,
antiproliferative activities, and the capacity to prevent colony development, showcasing antimetastatic effects,
have been documented for fucoidans extracted from F. evanescens, E. cava, U. pinnatifida, S. japonica, S.
hornery, and C. costata. Induction of apoptosis in the human breast cancer cell line by low molecular weight
fucoidan was facilitated through the modification of mitochondrial membrane integrity. This process included the
release of cytochrome c and the suppression of antiapoptotic proteins such as Bcl-2, Bcl-xl, and Mcl-1.
Furthermore, it triggered the activation of apoptosis-inducing factors, encompassing caspase-3, caspase-7, and
caspase-9 (Zhang et al., 2013). Derived from E. bicyclis, laminarin displayed anti-proliferative effects in ovarian
carcinoma and papillary serous adenocarcinoma cell lines through the PI3BK/MAPK intracellular signaling
pathway. It triggered apoptosis by enhancing the release of cytochrome C, leading to heightened DNA
fragmentation and increased expression of apoptosis-related proteins. Moreover, laminarin induced cell cycle
arrest at the Sub G1 phase. Laminarin induced MMP loss and triggered autophagy, involving the deactivation of
ULK1 and phosphorylation of P62, in both the carcinoma cells (Bae et al., 2020). Anticancer effects were
demonstrated on human leukemia cell lines by siphonoxanthin, a keto-carotenoid isolated from Caulerpa sp and
C. fragile. It activated caspase-3, induced apoptosis, reduced Bcl-2 expression, promoted chromatin condensation,
and led to the upregulation of the expression of GADD45a and DRS5 (Ganesan et al., 2011). Inhibitory effects on
the activation of NF-xB in the HeLa carcinoma cell line were identified for various phaeophytins, including
porphyrinolactone, 20-chlorinated (132-S)-hydroxy-phaeophytin A, (132-S)-hydroxy phaeophytin A and B, and
(132-R) hydroxyphaeophytin A and B, isolated from C. fascicularis. These compounds demonstrated the

inhibition of TNF-a-induced NF-«B translocation from the cytoplasm into the nucleus (Huang et al., 2007).
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Antitumor effects, including apoptosis induction in various tumor cell lines such as lung and skin, are exhibited
by sulphated polysaccharides from E. bicyclis. Stimulation of immune-activated macrophages by sulphated
polysaccharides from E. bicyclis leads to the production of pro-inflammatory IL-2 and IL-12 and IFN-y,
collectively enhancing natural killer cell activity and inducing apoptosis. Upregulation of IFN-y secretion is also
facilitated by natural killer cells. Antitumor activity is demonstrated by algal sulphated polysaccharides through
their anti-adhesive properties, hindering the attachment of tumor cells to the basal membrane and thwarting the
initiation of metastatic activity initiated by the implantation of a tumor cell into the extracellular matrix (Reposo

et al., 2015). There are some other anticancer agents from marine algae are shown in the below table

Table 6: Anticancer effect of different metabolites from different seaweeds

Metabolites from marine Used cell lines | Effect/Mechanisms |C50- Ref:
algae Values
Sargachromanol J and R Human  colon Suooressed  cancer 29'/::’“'_
(Terpenoids)- cancer cell HT- Ili)p liferati .~ Lee et al., 2014
S. siliquastrum 29 cell proliferation. and
' 3.4pug/mL
Zonaquinone acetate | Human  colon Suopressed  cancer 17.3 uM Penicooke et
(Terpenoids)- cancer cell HT- ppress . or 7.08
cell proliferation. al., 2013
S. zonale 29 ug/ml
Caused Sub G1-
Human arest, suppressed
Nonyl 8-acetoxy-6 | Promyelocytic - PP
. antiapoptotic  Bcl-
methyloctanoate (Fatty | leukemia  cell . Samarakoon,
XL, and activated | 50pg/ml
alcohol ester)- (HL-60), Human 2014
: . Bax. Elevated the
P. tricornutum lung carcinoma ion levels of
cell line (A549) expression levels o
caspase-3 and p53
proteins.
Suppression of
Papillary proliferation,
Laminarin (Polysaccharide)- | serouse Caused Sub G1- 2 ne/ml Menshova et
E. bicyclis adenocarinoma | phase cell cycle HE al., 2014
cell line (OV90) | arrest,  Enhanced
apoptosis..
Breast  cancer Suppression of
Cryp_tophycml (Macrolide MDA-MB-435 proliferation, Mooberry et
peptide)- Caused Sub G2/M | 50pM
mammary al., 1997
Nostoc sp . Phase cell cycle
adenocercinoma arrest
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Table-6 continued

Inhibition of the | 3.5 uM
Biselyngbyasid B (Macrolide | Hela S3 cells, proliferative activity | and 0.82 Morita et al.,
glycoside)- Lyngbya sp HL 60 cells of cancer cells | uM 2012
' induced '
Cytotoxicity
Tasipeptins A and B (Cyclic kB.d id oral Shqwcased i 0.93 uM, | Williams et al.,
depsipeptide)- Symploca sp epidermol anticancer _efticacy 0.82 uM 2003
cancer with cytotoxicity. '
Carraginaans and Polyphenol Eplthellal_ Inh'p'ted cancer cell 0.5- Yuan et al.,
adenocarcinoma | proliferation,
contents- P. palamata . . . 5mg/mL 2005
Hela cell lines antitumor potential
Alcoholic extract- A. | Ehrlich’s ascites | Antitumor activity | 100 and Lavakumar et
spicifera carcinoma cell | via oral dose 200 mg/kg | al., 2016
Fucoidan (Polysaccharides) - c_olon cancer cell | Suppress  arterial 80to 100 | Vischer and
lines (Colo 320 | smooth muscle cell
A.nodosum . : ug/mL Buddecke,1991
DM) proliferation.
. . colon cancer cell | Suppress  arterial .
Hepar!n (Polysaccharides) lines (Colo 320 | smooth muscle cell 80to 100 | Vischer and
D. delicatula . : ug/mL Buddecke,1991
DM) proliferation.
human Hela S;Joq?freefa?t?gn and 40 and
Calothrixin A and B | cancer cell lines, P 350 nM. :

- . boosted Rickards et al.,
(Phenanthridine  alkaloids)- cviotoxicit 1999
Calothrix sp CEM leukemia | ¥ >0 0.20 to

cells cell cycle arrest at 5.13 uM

G1 and G2/M Phase | ™

Suppressed

proliferation,

Elevated apoptotic
Curacin A (Ketopeptide) — Lung Cancer | processes. Induced | 0.72 + Mondal et al.,
L. majuscule (AS49) cell lines | G2/M phase arrest. | 0.02 uM | 2020

Binds to tubulin at

colchicines binding

site

. . human Demonstrated .
gcygﬂg}éﬁg\frﬁa(m?crolldes) - | nasopharyngeal | anticancer potency | 1 ug/mL 185352W|tzka,

P carinoma cell line | \vith cytotoxicity.

Red algal flavon-3-ols with catechin demonstrate efficacy against HT29 cells and monoblastoid leukemia
(Yoshie et al, 2000). Extract from B. triquetrum, comprising lectin interacting with glycans and glyco-

conjugates, displays robust anti-cancer defense like metastasis, exhibiting peak activity against Hep-2 cell
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lines (Moo-Puc et al., 2009). Noteworthy biological effects against MCF-7 human breast cancer cell lines
were demonstrated by L. papillosa and H. musciformis. The observed cytotoxicity was attributed to
sulfated polysaccharides carrageenan K (LP-W1), t (LP-W2), and A (LP-W3), resulting in the inhibition
of MCF-7 cell viability. The exposure to LP-W2 and LP-W3 underscored their potential for breast cancer
treatment (Aziz et al., 2019). Numerous in vitro studies have highlighted the potential of NPs as potent
anticancer agents, demonstrating apoptotic-induced robust anticancer effects on various cancer cells,
including those associated with human breast, cervical or lung cancer. Algae have been extensively
employed for the synthesis of NPs, particularly AgNPs, utilizing species such as T. conoides, S.
tenerrimum, U. fasciata, J. rubins, C. sinusa, G. acerosa, G. corticata, P. tetrastromatica, P. pavonica,
P. gymnospora, C. vulgaris, and others. The investigation into the anticancer activity of AgNPs,
synthesized using extracts from E. cava, against human cervical cancer cells (Hela cells) revealed a
significant induction of apoptosis, underscoring the subsequent anticancer effects (Venkatesan et al.,
2016). Similarly biosynthesized AgNPs from C. serrulata exhibit potent anticancer efficacy,
demonstrating significant activity against HeLa cells with an IC50 value of 34.5 pug/mL (Jeyaraj et al.,

2013) (Chanthini et al., 2015)
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Chapter 5 Conclusion:

Bangladesh is abundant with so many commercially, and economically important seaweeds as well as
medicinally. This review paper showed many examples of different natural metabolites extracted from
different marine algae that are very effective as antiviral, antibacterial, antiplasmodial, anticancer,
antidiabetic, and many more. Much more detailed research should be done on these, only then it will be
easy to get cures for many diseases in the near future. Simply seaweed cultivation and mass production
must be determined first, therefore, easy methods of cultivation should be found. After that, bulk
extraction of metabolites should also be considered. Only then it is possible to find out the cure against
the deadly diseases. The chances of getting rid of these diseases will increase in the People of other

countries of the world including Bangladesh.

104



References

Abdollahi, M., Ahmed, 1., Magbool, F., Bilal, M., & Igbal, H. M. (2018). Microalgae as a source of high-
value bioactive compounds. Frontiers in Bioscience, 10(1), 197-216. https://doi.org/10.2741/s509
Abu Sayed Mohammad Sharif, 20109.

https://www.researchgate.net/publication/342820878 Preliminary taxonomic checklist of marine algae

seaweed around St Martin's Island Bangladesh- A baseline survey

Aditya T, Bitu G and Mercy Eleanor G https://www.rroij.com/open-access/the-role-of-algae-in-

pharmaceutical-development-.php?aid=79686

Afolayan AF, Bolton JJ, Lategan CA, Smith PJ, Beukes DR. Fucoxanthin, tetraprenylated toluguinone and
toluhydroquinone metabolites from Sargassum heterophyllum inhibit the in vitro growth of the malaria
parasite Plasmodium falciparum. Z Naturforsch C J Biosci. 2008 Nov-Dec;63(11-12):848-52. doi:
10.1515/znc-2008-11-1211.

Aftab Uddin S.2019 Seaweeds of Bangladesh. Institute of marine science, University of Chittagong,
Bangladesh. https://www.researchgate.net/publication/336678289 Seaweeds_of Bangladesh

Ahmad, Ahyar & Wahid, | & Nasrum, Muhammad & Arfah, R & Karim, Hamidian. (2019). Anti-dengue
potential of bioactive protein from exophytic bacteria that are symbiotic with brown algae Sargassum sp..
Journal of Physics: Conference Series. 1341. 032012. 10.1088/1742-6596/1341/3/032012.

Ahmad, Rohani & Yu, Ke-Xin & Wong, Ching-Lee & Jantan, Ibrahim. (2016). Larvicidal and adulticidal
activities of malaysian seaweeds against Aedes Aegypti (L.) and Aedes Albopictus skuse (diptera:
Culicidae). SOUTHEAST ASIAN JOURNAL OF TROPICAL MEDICINE AND PUBLIC HEALTH. 47.
719-730.

Ahmed SA, Abdelrheem DA, EI-Mageed HRA, Mohamed HS, Rahman AA, Elsayed KNM, Ahmed SA.
Destabilizing the structural integrity of COVID-19 by caulerpin and its derivatives along with some

antiviral drugs: An in silico approaches for a combination therapy. Struct Chem. 2020;31(6):2391-2412.
doi: 10.1007/s11224-020-01586-w.

Airanthi, M. W., Sasaki, N., lwasaki, S., Baba, N., Abe, M., Hosokawa, M., & Miyashita, K. (2011). Effect
of Brown Seaweed Lipids on Fatty Acid Composition and Lipid Hydroperoxide Levels of Mouse
Liver. Journal of Agricultural and Food Chemistry, 59(8), 4156-4163. https://doi.org/10.1021/jf104643b
Aisa, Y., Miyakawa, Y., Nakazato, T., Shibata, H., Saito, K., lkeda, Y., & Kizaki, M. (2005). Fucoidan
induces apoptosis of human HS-Sultan cells accompanied by activation of caspase-3 and down-regulation
of ERK Pathways. American Journal of Hematology, 78(1), 7-14. https://doi.org/10.1002/ajh.20182

105


https://doi.org/10.2741/s509
https://www.researchgate.net/publication/342820878_Preliminary_taxonomic_checklist_of_marine_algae_seaweed_around_St_Martin's_Island_Bangladesh-_A_baseline_survey
https://www.researchgate.net/publication/342820878_Preliminary_taxonomic_checklist_of_marine_algae_seaweed_around_St_Martin's_Island_Bangladesh-_A_baseline_survey
https://www.rroij.com/open-access/the-role-of-algae-in-pharmaceutical-development-.php?aid=79686
https://www.rroij.com/open-access/the-role-of-algae-in-pharmaceutical-development-.php?aid=79686
https://www.researchgate.net/publication/336678289_Seaweeds_of_Bangladesh
https://doi.org/10.1021/jf104643b
https://doi.org/10.1002/ajh.20182

Al, M. A, Akhtar, A., Rahman, M. F., Kamal, A. H. M., Karim, N. H. A., & Hassan, M. L. (2020). Habitat
structure and diversity patterns of seaweeds in the coastal waters of Saint Martin’s Island, Bay of Bengal,
Bangladesh. Regional Studies in Marine Science, 33, 100959. https://doi.org/10.1016/j.rsma.2019.100959
Alam, M. A., Parra-Saldivar, R., Bilal, M., Afroze, C. A., Ahmed, N. U, Igbal, H. M., & Xu, J. (2021).
Algae-Derived Bioactive Molecules for the Potential.3390/ Treatment of SARS-CoV-2. Molecules, 26(8),
2134. https://doi.org/10molecules26082134

Alam, M. A., Parra-Saldivar, R., Bilal, M., Afroze, C. A., Ahmed, N. U, Igbal, H. M., & Xu, J. (2021).
Algae-Derived Bioactive Molecules for the Potential.3390/ Treatment of SARS-CoV-2. Molecules, 26(8),
2134. https://doi.org/10molecules26082134

Alam, M. J, Hossain M.AR, Hoq E, Hossain A, Habib Kh. A, Kunda M,
http://bfrf.org/bookofabstracts/Book%200f%20Abstracts-7.pdf

Alfasane, M. A. M. and Aziz, A. 2020 (December). New records of seaweeds from South eastern Coasts
of Cox’s bazar district Bangladesh. Bangladesh. J. Plant. Taxon. 27 (2): 335-343

Alim, M. A., Rahman, F., Ahsan, T., Islam, T., Alam, M. M., & Hossain, M. M. (2021). Phytochemical
profiling, antioxidant potentiality and antibacterial activity of the ethanolic extracts of Rosenvingea sp. of
Bay of Bengal. Journal of Bangladesh Academy of Sciences, 45(1), 59—
71. https://doi.org/10.3329/jbas.v45i1.54260

Alvarez-Bardon M, Pérez-Pertejo Y, Ordéfiez C, Sepulveda-Crespo D, Carballeira NM, Tekwani BL,
Murugesan S, Martinez-Valladares M, Garcia-Estrada C, Reguera RM, Balafia-Fouce R. Screening Marine
Natural Products for New Drug Leads against Trypanosomatids and Malaria. Mar Drugs. 2020 Mar
31;18(4):187. doi: 10.3390/md18040187.

Alves, A. C., Sousa, R. J., & Reis, R. L. (2013). Processing of degradable ulvan 3D porous structures for
biomedical applications. Journal of Biomedical Materials Research Part A, 101A(4), 998-
1006. https://doi.org/10.1002/jbm.a.34403

Alves, C., Silva, J., Gaspar, H., Gaspar, H., Alpoim, M. C., Botana, L. M., & Pedrosa, R. (2018). From
Marine Origin to Therapeutics: The Antitumor Potential of Marine Algae-Derived Compounds. Frontiers
in Pharmacology, 9. https://doi.org/10.3389/fphar.2018.00777

Amaro, H.M., Guedes, A.C., & Malcata, F.X. (2011). Antimicrobial activities of microalgae: an invited
review.

Amorim, R. D. N. D. S., Rodrigues, J. A., Holanda, M. L., Quinderé, A. L. G., De Paula, R. C., Melo, V.
M. M., & Benevides, N. M. B. (2012). Antimicrobial effect of a crude sulfated polysaccharide from the red
seaweed Gracilaria ornata. Brazilian Archives of Biology and Technology, 55(2), 171-
181. https://doi.org/10.1590/s1516-89132012000200001

106


https://doi.org/10.1016/j.rsma.2019.100959
https://doi.org/10molecules26082134
http://bfrf.org/bookofabstracts/Book%20of%20Abstracts-7.pdf
https://doi.org/10.3329/jbas.v45i1.54260
https://doi.org/10.1002/jbm.a.34403
https://doi.org/10.3389/fphar.2018.00777
https://doi.org/10.1590/s1516-89132012000200001

Andrew, M., & Jayaraman, G. (2021). Marine sulfated polysaccharides as potential antiviral drug
candidates to treat Corona Virus disease (COVID-19). Carbohydrate  Research, 505,
108326. https://doi.org/10.1016/j.carres.2021.108326

Anjali, K., Sangeetha, B. M., Devi, M. G., Raghunathan, R., & Dutta, S. (2019). Bioprospecting of
seaweeds (Ulva lactuca and Stoechospermum marginatum): The compound characterization and functional
applications in medicine-a comparative study. Journal of Photochemistry and Photobiology B-
Biology, 200, 111622. https://doi.org/10.1016/j.jphotobiol.2019.111622

Arad, S., & Yaron, A. (1992). Natural pigments from red microalgae for use in foods and cosmetics. Trends
in Food Science and Technology, 3, 92-97. https://doi.org/10.1016/0924-2244(92)90145-m

Aronow WS. Treatment of high-risk older persons with lipid-lowering drug therapy. Am J Ther. 2008 Mar-
Apr;15(2):102-7. doi: 10.1097/MJT.0b013e31802b5aa4.

Aruna, P., Venkataramanamma, D., Singh, A., & Singh, R. P. (2016). Health Benefits of Punicic Acid: A
Review. Comprehensive ~ Reviews in  Food Science and Food  Safety, 15(1), 16—
27. https://doi.org/10.1111/1541-4337.12171

Awad, N. E. (2004). Bioactive brominated diterpenes from the marine red algaJania Rubens(L.)
Lamx. Phytotherapy Research, 18(4), 275-279. https://doi.org/10.1002/ptr.1273

Ayyad, S. N., Al-Footy, K. O., Alarif, W. M., Sobahi, T. R., Bassaif, S. A., Makki, M. S. I., Asiri, A. M.,
Halawani, A. Y. A, Badria, A. F., & Badria, F. A. (2011). Bioactive C15 Acetogenins from the Red Alga
Laurencia obtusa. Chemical & Pharmaceutical Bulletin, 59(10), 1294
1298. https://doi.org/10.1248/cpb.59.1294

Aziz, A. 1997. Peyssonnelia Polymorpha (Zonara) Schmitz (Rhodophyta) newly recorded from St. Martins
Island, Bangladesh. Bangladesh. J. Plant taxon. 4(1): 81-83

Aziz, A., & Jahan, A. (2008). Marine algae of the St. Martin’s Island, Bangladesh. VI. New records of
species of the genus KallymeniaJ. Ag. (Rhodophyta). Bangladesh Journal of Botany, 37(2), 173-
178. https://doi.org/10.3329/bjb.v37i2.1726

Aziz, A., Islam, A. K.M.N., and Jahan, A. 2002b. Marine algae of St. Martins Island Bangladesh III, Red
algae. J.Asait.Soc. Bangladesh 28 (1): 63-70

Aziz, A., Islam, A. K.M.N. and Jahan, A. 2002. Marine algae of St. Martins Island, Bangladesh II. New
records of red algae, Bangladesh. J. Bot. 31(1): 23-19

Aziz, A., Islam, A.K.M.N. and Jahan, A. 2002b. Marine algae of St. Martins Island Bangladesh IV, New
record of red algae, Bangladesh. J. Bot. 31(2): 113-116

Aziz, A., Islam,S. 2009 (December). Marine algae of St. Martins Island Bangladesh VII. Acrochaetium

nurulislamii sp nov and new records of Acrochaetium (Rhodophyceae). Bangladesh. J. Bot. 38 (2):145-151

107


https://doi.org/10.1016/j.jphotobiol.2019.111622
https://doi.org/10.1016/0924-2244(92)90145-m
https://doi.org/10.1111/1541-4337.12171
https://doi.org/10.1002/ptr.1273
https://doi.org/10.1248/cpb.59.1294
https://doi.org/10.3329/bjb.v37i2.1726

Aziz, A., Islam,S. and Chowdhury, A.H., 2010 (December). Marine algae of St. Martins Island Bangladesh
IX. New record of green algae (Chlorophyceae). Bangladesh. J. Plant. Taxon. 17 (2): 193-198

Aziz, Abdul & NURUL, A.. (2008). Marine algae from St. Martn's Island, Bangladesh. V. Antithamnionella
floccosa (Muller) Whittick (Rhodophyceae), a new record. Bangladesh Journal of Plant Taxonomy. 15.
10.3329/bjpt.v15i1.918.

Aziz, E., Batool, R., Khan, M. S., Rauf, A., Akhtar, W., Heydari, M., Rehman, S., Shahzad, T., Malik, A.,
Mosavat, S. H., Plygun, S., & Shariati, M. A. (2020). An overview on red algae bioactive compounds and
their pharmaceutical applications. Journal of Complementary and Integrative
Medicine, 0(0). https://doi.org/10.1515/jcim-2019-0203

Aziz. A. and Rahman, T. 2010 (December). Marine algae of St. Martins Island, Bangladesh XI. Red algae
(Rhodophyceae). Bangladesh J. Bot. 39 (2): 161-168

Aziz. A. and Rahman, T. 2011 (June). Marine algae of St. Martins Island, Bangladesh XII. New records of
red and green algae. Bangladesh J. Bot. 40 (1): 41-45

B. Ray, M. Lahaye, Cell-wall polysaccharides from the marine green alga Ulva “rigida” (Ulvales,
Chlorophyta). Chemical structure of ulvan,https://doi.org/10.1016/0008-6215(95)00059-3.

Bae, H., Song, G., Lee, J. Y., Hong, T., Chang, M. H., & Lim, W. (2020). Laminarin-Derived from Brown
Algae Suppresses the Growth of Ovarian Cancer Cells via Mitochondrial Dysfunction and ER
Stress. Marine Drugs, 18(3), 152. https://doi.org/10.3390/md18030152

Bansal S, Jonsson CB, Taylor SL, Figueroa JM, Dugour AV, Palacios C, Vega JC. lota-carrageenan and
xylitol inhibit SARS-CoV-2 in Vero cell culture. PLoS One. 2021 Nov 19;16(11):e0259943. doi:
10.1371/journal.pone.0259943.

Barreira, L., Pereira, H., Gangadhar, K. N., Custddio, L., & Varela, J. (2015). Medicinal Effects of
Microalgae-Derived Fatty Acids. Elsevier EBooks, 209-231. https://doi.org/10.1016/b978-0-12-800776-
1.00013-3

Bawakid, N., Alarif, W., Alorfi, H., Al-Footy, K., Alburae, N., Ghandourah, M., Al-Lihaibi, S. & Abdul-
hameed, Z. (2017). Antimicrobial sesquiterpenoids from Laurencia obtusa Lamouroux. Open
Chemistry, 15(1), 219-224. https://doi.org/10.1515/chem-2017-0025

Beaulieu, L. (2019). Insights into the Regulation of Algal Proteins and Bioactive Peptides Using Proteomic
and Transcriptomic Approaches. Molecules, 24(9), 1708. https://doi.org/10.3390/molecules24091708

Beaulieu, L. (2019b). Insights into the Regulation of Algal Proteins and Bioactive Peptides Using Proteomic
and Transcriptomic Approaches. Molecules, 24(9), 1708. https://doi.org/10.3390/molecules24091708

Becerra, M., Boutefnouchet, S., Coérdoba, O. L., Vitorino, G. P., Brehu, L., Lamour, I., Laimay, F.,
Efstathiou, A., Smirlis, D., Michel, S., Kritsanida, M., Flores, M. A., & Grougnet, R. (2015).

108


https://doi.org/10.1515/jcim-2019-0203
https://doi.org/10.3390/md18030152
https://doi.org/10.1016/b978-0-12-800776-1.00013-3
https://doi.org/10.1016/b978-0-12-800776-1.00013-3
https://doi.org/10.1515/chem-2017-0025
https://doi.org/10.3390/molecules24091708
https://doi.org/10.3390/molecules24091708

Antileishmanial activity of fucosterol recovered from Lessonia vadosa Searles (Lessoniaceae) by SFE, PSE,
and CPC. Phytochemistry Letters, 11, 418-423. https://doi.org/10.1016/j.phytol.2014.12.019

Bel Mabrouk S, Reis M, Sousa ML, Ribeiro T, Almeida JR, Pereira S, Antunes J, Rosa F, Vasconcelos V,
Achour L, Kacem A, Urbatzka R. The Marine Seagrass Halophila stipulacea as a Source of Bioactive
Metabolites against Obesity and Biofouling. Mar Drugs. 2020 Jan 29;18(2):88. doi: 10.3390/md18020088.
PMID: 32013082; PMCID: PMC7074557.

Bermano G, Stoyanova T, Hennequart F, Wainwright CL. Seaweed-derived bioactives as potential energy
regulators in obesity and type 2 diabetes. Adv Pharmacol. 2020;87:205-256. doi:
10.1016/bs.apha.2019.10.002. Epub 2019 Dec 3. PMID: 32089234

Bernstein, A., Ding, E. L., Willett, W. C., & Rimm, E. B. (2012). A Meta-Analysis Shows That
Docosahexaenoic Acid from Algal Oil Reduces Serum Triglycerides and Increases HDL-Cholesterol and
LDL-Cholesterol in Persons without Coronary Heart Disease. Journal of Nutrition, 142(1), 99—
104. https://doi.org/10.3945/jn.111.148973

Besednova et al., 2015 https://doi.org/10.1111/hel. 12177

Besednova N, Zaporozhets T, Kuznetsova T, Makarenkova |, Fedyanina L, Kryzhanovsky S, Malyarenko
O, Ermakova S. Metabolites of Seaweeds as Potential Agents for the Prevention and Therapy of Influenza
Infection. Mar Drugs. 2019 Jun 22;17(6):373. doi: 10.3390/md17060373.

BFRF,2011, FINAL report, Bangladesh Fisheries research forum, Dhaka.
https://www.researchgate.net/publication/327071148 Final_Report -

Promoting_Sustainable Coastal Aguaculture in Bangladesh ProSCAB
Bhowmick, S., Mazumdar, A., Moulick, A., & Adam, V. (2020). Algal metabolites: An inevitable substitute
for antibiotics. Biotechnology Advances, 43, 107571. https://doi.org/10.1016/j.biotechadv.2020.107571

Bogolitsyn, K., Dobrodeeva, L., Druzhinina, A. et al. Biological activity of a polyphenolic complex of
Arctic brown algae. J Appl Phycol 31, 3341-3348 (2019). https://doi.org/10.1007/s10811-019-01840-7
Boney, A. (1965). Aspects of the Biology of the Seaweeds of Economic Importance. Elsevier EBooks, 105—
253. https://doi.org/10.1016/s0065-2881(08)60397-1

Borai, I.H. & Ezz, Magda & Rizk, Maha & EI-Sherbiny, M. & Matloub, Azza & Aly, Hanan & Ibrahim
Fouad, Ghadha. (2015). Hypolipidemic and Anti-atherogenic Effect of Sulphated Polysaccharides from the

Green Alga Ulva fasciata. International Journal of Pharmaceutical Sciences Review and Research. 31. 1-
12.

Borowitzka, L. J., & Borowitzka, M. A. (1989). B-Carotene (Provitamin A) Production with
Algae. Springer EBooks, 15-26. https://doi.org/10.1007/978-94-009-1111-6 2

109


https://doi.org/10.1016/j.phytol.2014.12.019
https://doi.org/10.3945/jn.111.148973
https://doi.org/10.1111/hel.12177
https://www.researchgate.net/publication/327071148_Final_Report_-_Promoting_Sustainable_Coastal_Aquaculture_in_Bangladesh_ProSCAB
https://www.researchgate.net/publication/327071148_Final_Report_-_Promoting_Sustainable_Coastal_Aquaculture_in_Bangladesh_ProSCAB
https://doi.org/10.1016/j.biotechadv.2020.107571
https://doi.org/10.1007/s10811-019-01840-7
https://doi.org/10.1016/s0065-2881(08)60397-1
https://doi.org/10.1007/978-94-009-1111-6_2

Borowitzka, M. A. (1995). Microalgae as sources of pharmaceuticals and other biologically active
compounds. Journal of Applied Phycology, 7(1), 3-15. https://doi.org/10.1007/bf00003544

Borowitzka, M. A. (1995). Microalgae as sources of pharmaceuticals and other biologically active
compounds. Journal of Applied Phycology, 7(1), 3-15. https://doi.org/10.1007/bf00003544

Borowitzka, M. A. 1988 (b). microalgae as a source of essential fatty acids.

Borowitzka, M. A. 1988(a). vitamins and fine chemicals. Microalgal Biotechnology. Cambridge University
Press, Cambridge, 153-196

Borowitzka, M.A. High-value products from microalgae—their development and commercialisation. J
Appl Phycol 25, 743-756 (2013). https://doi.org/10.1007/510811-013-9983-9

Bruce, D. L., Duff, D. C. B., & Antia, N. J. (1967). The Identification of Two Antibacterial Products of the

Marine Planktonic Alga Isochrysis galbana. Journal of General Microbiology, 48(2), 293-
298. https://doi.org/10.1099/00221287-48-2-293

Buck, C. B., Thompson, C. K., Roberts, J. T., Miller, M., Lowy, D. R., & Schiller, J. T. (2006). Carrageenan
Is a Potent Inhibitor of Papillomavirus Infection. PLOS Pathogens, 2(7),
e69. https://doi.org/10.1371/journal.ppat.0020069

Bumunang EW, McAllister TA, Zaheer R, Ortega Polo R, Stanford K, King R, Niu YD, Ateba CN.
Characterization of Non-O157 Escherichia coli from Cattle Faecal Samples in the North-West Province of
South Africa. Microorganisms. 2019 Aug 20;7(8):272. doi: 10.3390/microorganisms7080272.

Cai X, Chen Y, Xie X, Yao D, Ding C, Chen M. Astaxanthin prevents against lipopolysaccharide-induced
acute lung injury and sepsis via inhibiting activation of MAPK/NF-kB. Am J Transl Res. 2019 Mar
15;11(3):1884-1894. Erratum in: Am J Transl Res. 2021 Jun 15;13(6):7420-7421

Calderwood, D., Rafferty, E., Fitzgerald, C., Stoilova, V., Wylie, A., Gilmore, B., Castaneda, F., Israel, A.,
Maggs, C. A., & Green, B. D. (2021). Profiling the activity of edible European macroalgae towards
pharmacological targets for type 2 diabetes mellitus. Applied Phycology, 2(1), 10-
21. https://doi.org/10.1080/26388081.2020.1852519

Cardoso SM, Pereira OR, Seca AM, Pinto DC, Silva AM. Seaweeds as Preventive Agents for
Cardiovascular Diseases: From Nutrients to Functional Foods. Mar Drugs. 2015 Nov 12;13(11):6838-65.
doi: 10.3390/md13116838. PMID: 26569268; PMCID: PMC4663556.

Carlucci, M. J., Scolaro, L. A., & Damonte, E. B. (2002). Herpes simplex virus type 1 variants arising after
selection with an antiviral carrageenan: Lack of correlation between drug susceptibility and syn
phenotype. Journal of Medical Virology, 68(1), 92-98. https://doi.org/10.1002/jmv.10174

110


https://doi.org/10.1007/bf00003544
https://doi.org/10.1007/bf00003544
https://doi.org/10.1007/s10811-013-9983-9
https://doi.org/10.1099/00221287-48-2-293
https://doi.org/10.1371/journal.ppat.0020069
https://doi.org/10.1002/jmv.10174

Chaiklahan, R., Chirasuwan, N., & Bunnag, B. (2012). Stability of phycocyanin extracted from Spirulina
sp.. Influence of temperature, pH and preservatives. Process Biochemistry, 47(4), 659-
664. https://doi.org/10.1016/j.prochio.2012.01.010

Chakraborty, K., Lipton, A. P., Paulraj, R., & Chakraborty, R. D. (2010). Guaiane sesquiterpenes from
seaweed Ulva fasciata Delile and their antibacterial properties. European Journal of Medicinal
Chemistry, 45(6), 2237-2244. https://doi.org/10.1016/].ejmech.2010.01.065

Chan, P. C., Matanjun, P., Yasir, S. M., & Tan, T. S. (2015). Antioxidant activities and polyphenolics of
various solvent extracts of red seaweed, Gracilaria changii. Journal of Applied Phycology, 27(6), 2377—
2386. https://doi.org/10.1007/s10811-014-0493-1

Chan, P.T. & Matanjun, Patricia & Yasir, Suhaimi & Tek Song, Tan. (2014). Antioxidant and
hypolipidaemic properties of red seaweed, Gracilaria changii. Journal of Applied Phycology. 26. 987-997.
Chang, T. H., More, S. V., Lu, I., Hsu, J., Chen, T., Jen, Y. C., Lu, C., & Li, W. (2011b). Isomalyngamide
A, A-1 and their analogs suppress cancer cell migration in vitro. European Journal of Medicinal
Chemistry, 46(9), 3810-3819. https://doi.org/10.1016/j.ejmech.2011.05.049

Chanthini AB, Balasubramani G, Ramkumar R, Sowmiya R, Balakumaran MD, Kalaichelvan PT, Perumal
P. Structural characterization, antioxidant and in vitro cytotoxic properties of seagrass, Cymodocea
serrulata (R.Br.) Asch. & Magnus mediated silver nanoparticles. J Photochem Photobiol B. 2015
Dec;153:145-52. doi: 10.1016/j.jphotobiol.2015.09.014. Epub 2015 Sep 16. PMID: 26409094.

Chatter, R., Othman, R. B., Rabhi, S., Kladi, M., Tarhouni, S., Vagias, C., Roussis, V., Guizani-Tabbane,
L., & Kharrat, R. (2011). In Vivo and in Vitro Anti-Inflammatory Activity of Neorogioltriol, a New
Diterpene Extracted from the Red Algae Laurencia glandulifera. Marine Drugs, 9(7), 1293-
1306. https://doi.org/10.3390/md9071293

Chattopadhyay, N. R., Ghosh, T., Sinha, S., Chattopadhyay, K., Karmakar, P., & Ray, B. (2010).
Polysaccharides from Turbinaria conoides: Structural features and antioxidant capacity. Food
Chemistry, 118(3), 823-829. https://doi.org/10.1016/j.foodchem.2009.05.069

Chen JH, Lim JD, Sohn EH, Choi YS, Han ET. Growth-inhibitory effect of a fucoidan from brown seaweed
Undaria pinnatifida on Plasmodium parasites. Parasitol Res. 2009 Jan;104(2):245-50. doi: 10.1007/s00436-
008

Cherry, P., O’Hara, C., Magee, P. J., McSorley, E. M., & Allsopp, P. J. (2019). Risks and benefits of
consuming edible seaweeds. Nutrition Reviews, 77(5), 307-329. https://doi.org/10.1093/nutrit/nuy066
Cheung RC, Wong JH, Pan W, Chan YS, Yin C, Dan X, Ng TB. Marine lectins and their medicinal
applications. Appl Microbiol Biotechnol. 2015 May;99(9):3755-73. doi: 10.1007/s00253-015-6518-0.

111


https://doi.org/10.1016/j.procbio.2012.01.010
https://doi.org/10.1016/j.ejmech.2010.01.065
https://doi.org/10.1016/j.ejmech.2011.05.049
https://doi.org/10.3390/md9071293
https://doi.org/10.1016/j.foodchem.2009.05.069
https://doi.org/10.1093/nutrit/nuy066

Chiboub O, Sifaoui I, Lorenzo-Morales J, Abderrabba M, Mejri M, Fernandez JJ, Pifiero JE, Diaz-Marrero
AR. Spiralyde A, an Antikinetoplastid Dolabellane from the Brown Alga Dictyota spiralis. Mar Drugs.
2019 Mar 25;17(3):192. doi: 10.3390/md17030192. PMID: 30934651; PMCID: PMC6471066

Chin, Y. X., Chen, X., Cao, W. L., Sharifuddin, Y., Green, B. D., Lim, P., Xue, C., & Tang, Q. (2020).
Characterization of seaweed hypoglycemic property with integration of virtual screening for identification
of bioactive compounds. Journal of Functional Foods, 64,
103656. https://doi.org/10.1016/j.jff.2019.103656

Chowdhury, K. N., Ahmed, M. K., Akhter, K. F., Alam, J., Rani, S., & Khan, M. I. (2022). Proximate

Composition of Some Selected Seaweeds from Coastal Areas of Cox’s Bazar and the St. Martin’s Island,

Bangladesh. The Dhaka University Journal of Earth and Environmental Sciences, 113-
122. https://doi.org/10.3329/dujees.v10i3.59077
Coronavirus  disease  (COVID-19) - World Health  Organization. (2023, March

22). https://www.who.int/emergencies/diseases/novel-coronavirus-2019

Costa, M., Costa-Rodrigues, J., Fernandes, M. H., Barros, P., Vasconcelos, V., & Martins, R. (2012).
Marine Cyanobacteria Compounds with Anticancer Properties: A Review on the Implication of
Apoptosis. Marine Drugs, 10(12), 2181-2207. https://doi.org/10.3390/md10102181

Cunha L, Rodrigues S, Rosa da Costa AM, Faleiro ML, Buttini F, Grenha A. Inhalable Fucoidan
Microparticles Combining Two Antitubercular Drugs with Potential Application in Pulmonary
Tuberculosis Therapy. Polymers (Basel). 2018 Jun 8;10(6):636. doi: 10.3390/polym10060636.

Da Silva Mendes, G., Soares, A. R., Sigiliano, L., Machado, F. S., Kaiser, C. R., Romeiro, N. C., De Souza
Gestinari, L. M., Santos, N., & Romanos, M. T. V. (2011). In Vitro Anti-HMPV Activity of
Meroditerpenoids from Marine Alga Stypopodium zonale (Dictyotales). Molecules, 16(10), 8437—
8450. https://doi.org/10.3390/molecules16108437

Dahms, H., & Dobretsov, S. (2017). Antifouling Compounds from Marine Macroalgae. Marine
Drugs, 15(9), 265. https://doi.org/10.3390/md15090265

Damonte, E. B., Matulewicz, M. C., & Cerezo, A. S. (2004). Sulfated Seaweed Polysaccharides as Antiviral
Agents. Current Medicinal Chemistry, 11(18), 2399-2419. https://doi.org/10.2174/0929867043364504

de Felicio R, de Albuquerque S, Young MC, Yokoya NS, Debonsi HM. Trypanocidal, leishmanicidal and
antifungal potential from marine red alga Bostrychia tenella J. Agardh (Rhodomelaceae, Ceramiales). J
Pharm Biomed Anal. 2010 Sep 5;52(5):763-9. doi: 10.1016/j.jpba.2010.02.018.

De Jesus Raposo, M. F., Morais, A. M. M. B., & Morais, R. (2015). Marine Polysaccharides from Algae
with Potential Biomedical Applications. Marine Drugs, 13(5), 2967—
3028. https://doi.org/10.3390/md13052967

112


https://doi.org/10.1016/j.jff.2019.103656
https://doi.org/10.3329/dujees.v10i3.59077
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.3390/md10102181
https://doi.org/10.3390/md15090265
https://doi.org/10.2174/0929867043364504
https://doi.org/10.3390/md13052967

De Jesus Raposo, M. F., Morais, R., & Morais, A. M. M. B. (2013). Bioactivity and Applications of
Sulphated Polysaccharides from Marine Microalgae. Marine Drugs, 11(1), 233-
252. https://doi.org/10.3390/md11010233

Dewinta, A. F., Susetya, I. E., & Suriani, M. J. (2020). Nutritional profile of Sargassum sp. from Pane
Island, Tapanuli Tengah as a component of functional food. Journal of Physics, 1542(1),
012040. https://doi.org/10.1088/1742-6596/1542/1/012040

Dousip, A. (2014). Effect of seaweed mixture intake on plasma lipid and antioxidant profile of
hyperholesterolaemic rats. AGRIS: International Information System for the Agricultural Science and
Technology. https://agris.fao.org/agris-search/search.do?recordiD=US201400079863

Dousip, A. (2014b). Effect of seaweed mixture intake on plasma lipid and antioxidant profile of
hyperholesterolaemic rats. AGRIS: International Information System for the Agricultural Science and
Technology. https://agris.fao.org/agris-search/search.do?recordID=US201400079863

Edwards, D., Marquez, B. L., Nogle, L., McPhail, K. L., Goeger, D. E., Roberts, M. F., & Gerwick, W. H.

(2004). Structure and Biosynthesis of the Jamaicamides, New Mixed Polyketide-Peptide Neurotoxins from

the  Marine  Cyanobacterium  Lyngbya  majuscula. Chemistry &  Biology, 11(6), 817-
833. https://doi.org/10.1016/j.chembiol.2004.03.030

Encyclopedia of flora and fauna of Bangladesh, VVol-3, Chlorophyta (Aphanochaetaceae- Zygnemataceae),
Asia. Soc. Bangladesh Dhaka. 2008, pp-812. Islam, A.K.M.N, Aziz, A., Khandakar, M., Alfasane, M.A. et
al (eds).

Encyclopedia of flora and fauna of Bangladesh.Vol-4, Algae, Chlorophyta, Rhodophyta (Achnanthaceae-
Vaucheriaceae). Islam, A.K.M.M, and Begum, Z.N.T (eds), Asia. Soc. Bangladesh, Dhaka 2009, pp-543
Eom SH, Kim DH, Lee SH, Yoon NY, Kim JH, Kim TH, Chung YH, Kim SB, Kim YM, Kim HW, Lee
MS, Kim YM. In vitro antibacterial activity and synergistic antibiotic effects of phlorotannins isolated from
Eisenia bicyclis against methicillin-resistant Staphylococcus aureus. Phytother Res. 2013 Aug;27(8):1260-
4. doi: 10.1002/ptr.4851. Epub 2012 Oct 8.

Eom, S., Lee, E., Park, K., Kwon, J., Kim, P. T., Jung, W., & Kim, Y. (2017). Eckol fromEisenia
bicyclisinhibits Inflammation Through the Akt/NF-kB Signaling inPropionibacterium acnes-Induced
Human Keratinocyte Hacat Cells. Journal of Food Biochemistry, 41(2),
e12312. https://doi.org/10.1111/jfbc.12312

Ermakova, S. P., Sokolova, R., Kim, S., Um, B, Isakov, V. V., & Zvyagintseva, T. N. (2011). Fucoidans
from Brown Seaweeds Sargassum hornery, Eclonia cava, Costaria costata: Structural Characteristics and
Anticancer Activity. Applied Biochemistry and Biotechnology, 164(6), 841-
850. https://doi.org/10.1007/s12010-011-9178-2

113


https://doi.org/10.3390/md11010233
https://doi.org/10.1088/1742-6596/1542/1/012040
https://agris.fao.org/agris-search/search.do?recordID=US201400079863
https://agris.fao.org/agris-search/search.do?recordID=US201400079863
https://doi.org/10.1016/j.chembiol.2004.03.030
https://doi.org/10.1007/s12010-011-9178-2

Estevinho, L. M., Pereira, A. I, Moreira, L. M., Dias, L., & Pereira, E. (2008). Antioxidant and
antimicrobial effects of phenolic compounds extracts of Northeast Portugal honey. Food and Chemical
Toxicology, 46(12), 3774-3779. https://doi.org/10.1016/j.fct.2008.09.062

Etahiri S, Bultel-Poncé V, Caux C, Guyot M. New bromoditerpenes from the red alga Sphaerococcus
coronopifolius. J Nat Prod. 2001 Aug;64(8):1024-7. doi: 10.1021/np0002684. PMID: 11520219.

Falaise C, Francois C, Travers MA, Morga B, Haure J, Tremblay R, Turcotte F, Pasetto P, Gastineau R,
Hardivillier Y, Leignel V, Mouget JL. Antimicrobial Compounds from Eukaryotic Microalgae against
Human Pathogens and Diseases in Agquaculture. Mar Drugs. 2016 Sep 2;14(9):159. doi:
10.3390/md14090159.

Falkenberg, M., Nakano, E., Zambotti-Villela, L., Zatelli, G. A., Philippus, A. C., Imamura, K., Velasquez,
A. M. A, Freitas, R. A., De Freitas Tallarico, L., Colepicolo, P., & Graminha, M. a. S. (2019). Bioactive
compounds against neglected diseases isolated from macroalgae: a review. Journal of Applied
Phycology, 31(2), 797-823. https://doi.org/10.1007/s10811-018-1572-5

Fedorov, S. V., Ermakova, S. P., Zvyagintseva, T. N., & Stonik, V. A. (2013). Anticancer and Cancer

Preventive Properties of Marine Polysaccharides: Some Results and Prospects. Marine Drugs, 11(12),
4876-4901. https://doi.org/10.3390/md11124876

Fitzgerald, C., Gallagher, E., Doran, L., Auty, M. A., Prieto, J., & Hayes, M. (2014). Increasing the health
benefits of bread: Assessment of the physical and sensory qualities of bread formulated using a renin

inhibitory Palmaria palmata protein hydrolysate. Lebensmittel-Wissenschaft & Technologie, 56(2), 398—
405. https://doi.org/10.1016/j.Iwt.2013.11.031

Freile-Pelegrin, Yolanda & Tasdemir, Deniz. (2019). Seaweeds to the rescue of forgotten diseases: A
review. Botanica Marina. 62. 10.1515/bot-2018-0071.

Freile-Peleguin Y, Robledo D, 2013.
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive
Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-

disposition=inline%3B+filename%3DBioactive Phenolic Compounds from Algae.pdf&EXxpires=16795
58828&Signature=V2a633GsNZ6Qr03z41A87rn8um407Tmt4ETewhbXURMLxcFuVOmgmJWPNIoOP
Feen3rVVPxN7EItDP6TS5pqtr5rEU3b40CYyWViOOhujIn8N3Ijm~klo5KL6GeZPEObapfM2x2ETe~LG

XPIBXIN60v30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwHOiLSj5TBWLHfHFO3mxDrA1nxX6G9V
E-
VbMRNn4barNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx000TUeAzkK6VYeDNT2U1Ja92BC

114


https://doi.org/10.1016/j.fct.2008.09.062
https://doi.org/10.1007/s10811-018-1572-5
https://doi.org/10.3390/md11124876
https://doi.org/10.1016/j.lwt.2013.11.031
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA

beCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRIw  &Key-Pair-
Id=APKAJLOHF5GGSLRBV4ZA

Funami, T., Hiroe, M., Noda, S., Asali, |., Ikeda, S., & Nishinari, K. (2007). Influence of molecular structure
imaged with atomic force microscopy on the rheological behavior of carrageenan aqueous systems in the
presence or absence of cations. Food Hydrocolloids, 21(4), 617—
629. https://doi.org/10.1016/j.foodhyd.2006.07.013

G.L., Kurup, G.M., & Saritha Kumari, C.H. (2013). Effect of lycopene from Chlorella marina on high
cholesterol-induced oxidative damage and inflammation in rats. Inflammopharmacology, 22, 45 - 54.
Ganesan P, Noda K, Manabe Y, Ohkubo T, Tanaka Y, Maoka T, Sugawara T, Hirata T. Siphonaxanthin, a
marine carotenoid from green algae, effectively induces apoptosis in human leukemia (HL-60) cells.
Biochim Biophys Acta. 2011 May;1810(5):497-503. doi: 10.1016/j.bbagen.2011.02.008. Epub 2011 Mar
1. PMID: 21371530.

Gerber, P., Dutcher, J. D., Adams, E. V., & Sherman, J. C. (1958). Protective Effect of Seaweed Extracts
for Chicken Embryos Infected with Influenza B or Mumps Virus. Experimental Biology and
Medicine, 99(3), 590-593. https://doi.org/10.3181/00379727-99-24429

Gong, Y., He, L., Li, J., Zhou, Q., Ma, Z., Gao, C., & Shen, J. (2007). Hydrogel-filled polylactide porous
scaffolds for cartilage tissue engineering. Journal of Biomedical Materials Research Part B, 82B(1), 192—
204. https://doi.org/10.1002/jbm.b.30721

Gonzélez del Val A, Platas G, Basilio A, Cabello A, Gorrochategui J, Suay I, Vicente F, Portillo E, Jiménez
del Rio M, Reina GG, Pelaez F. Screening of antimicrobial activities in red, green and brown macroalgae
from Gran Canaria (Canary Islands, Spain). Int Microbiol. 2001 Mar;4(1):35-40. doi:
10.1007/s101230100006. PMID: 11770818.

Gonzalez-Barnadas, A., Camps-Font, O., Martin-Fatas, P., Figueiredo, R., Gay-Escoda, C., & Valmaseda-
Castellon, E. (2020). Efficacy and safety of selective COX-2 inhibitors for pain management after third
molar removal: a meta-analysis of randomized clinical trials. Clinical Oral Investigations, 24(1), 79—
96. https://doi.org/10.1007/s00784-019-02910-3

Gross, H., Goeger, D. E., Hills, P., Mooberry, S. L., Ballantine, D. L., Murray, T. F., Valeriote, F. A., &

Gerwick, W. H. (2006). Lophocladines, Bioactive Alkaloids from the Red Alga Lophocladia sp. Journal
of Natural Products, 69(4), 640-644. https://doi.org/10.1021/np050519e
Grudzinski, W., Pigt, M., Luchowski, R., Reszczynska, E., Welc, R., Paduch, R., & Gruszecki, W. L. (2018).

Different molecular organization of two carotenoids, lutein and zeaxanthin, in human colon epithelial cells

and colon adenocarcinoma cells. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 188, 57-63. https://doi.org/10.1016/j.saa.2017.06.041

115


https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/32800159/BIOACTIVE_PHENOLIC_COMPOUNDS_Bioactive_Compounds_from_Marine_Foods_2013-libre.pdf?1391158070=&response-content-disposition=inline%3B+filename%3DBioactive_Phenolic_Compounds_from_Algae.pdf&Expires=1679558828&Signature=V2a633GsNZ6Qr03z41A87rn8um4O7Tmt4ETewhbXURMLxcFuV0mqmJWPNIo0PFeen3rVVPxN7EItDP6TS5pqtr5rEU3b4OCyWViOOhujln8N3Ijm~kIo5KL6GeZPE0bapfM2x2ETe~LG-XPIBXlN6ov30LhwSth7Fwywt7huBX2hosGewKkZ~xLdkwH0iLSj5TBWLHfHFO3mxDrA1nxX6G9VE-VbMRn4bgrNQdNpgY0C0ropStaEnQPUFzCEZmQjdEmtWvDzx0O0TUeAzkK6VYeDNT2U1Ja92BCbeCaTRNCZUmasN37G0~nZrf4nAGSEsoJkRd6pnmolDYSmUmzRlw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.foodhyd.2006.07.013
https://doi.org/10.1002/jbm.b.30721
https://doi.org/10.1007/s00784-019-02910-3
https://doi.org/10.1021/np050519e
https://doi.org/10.1016/j.saa.2017.06.041

Guedes, A. C., Amaro, H. M., & Malcata, F. X. (2011). Microalgae as sources of high added-value
compounds-a brief review of recent work. Biotechnology Progress, 27(3), 597-613.
https://doi.org/10.1002/btpr.575

Guschina, I. A., & Harwood, J. L. (2006). Lipids and lipid metabolism in eukaryotic algae. Progress in
Lipid Research, 45(2), 160-186. https://doi.org/10.1016/j.plipres.2006.01.001
Haque, KM & Chy, Shamima & Akter, Shahina & Nath, KK. (2010). Collection, identification and

biochemical analyses of different sea weeds from Saint Martin’s island. Bangladesh Journal of Agricultural
Research. 34. 10.3329/bjar.v34i1.5754.

Harden, E. A., Falshaw, R., Carnachan, S. M., Kern, E. R., & Prichard, M. N. (2009). Virucidal activity of
polysaccharide extracts from four algal species against herpes simplex virus. Antiviral Research, 83(3),
282-289. https://doi.org/10.1016/j.antiviral.2009.06.007

Hasan, J., Islam, Z., Rabby, A. F., Sonia, S. S., Aktaruzzaman, M., Rahman, T., Rahman, S., & Mahmud,
Y. (2022). Dataset describing the growth pattern, amino acid and fatty acid profile of five indigenous marine
microalgae species of Bangladesh. Data in Brief, 45, 108643. https://doi.org/10.1016/j.dib.2022.108643
Hasan, M. M., Imran, M. a. S., Bhuiyan, F. R., Ahmed, S. R., Shanzana, P., Moli, M. A., Foysal, S. H., &
Dabi, S. B. (2019). Phytochemical Constituency Profiling and Antimicrobial Activity Screening of
Seaweeds Extracts Collected from the Bay of Bengal Sea Coasts. BioRxiv. https://doi.org/10.1101/680348
Hassan, S. T. S., Mahmoud, A. M., Hetta, M. H., & Mahmoud, B. (2011). Improvement of lipid profile and

antioxidant of hypercholesterolemic albino rats by polysaccharides extracted from the green alga Ulva

lactuca Linnaeus. Saudi Journal of Biological Sciences, 18(4), 333-
340. https://doi.org/10.1016/j.sjbs.2011.01.005
Hata, Y., Nakajima, K., Uchida, J., Hidaka, H., & Nakano, T. (2001). Clinical Effects of Brown Seaweed,

Undaria pinnatifida (wakame), on Blood Pressure in Hypertensive Subjects. Journal of Clinical
Biochemistry and Nutrition, 30, 43-53. https://doi.org/10.3164/jcbn.30.43

He Y, Wang J, Li F, Shi Y. Main Clinical Features of COVID-19 and Potential Prognostic and Therapeutic
Value of the Microbiota in SARS-CoV-2 Infections. Front Microbiol. 2020 Jun 5;11:1302. doi:
10.3389/fmich.2020.01302.

Helbert, W. (2017). Marine Polysaccharide Sulfatases. Frontiers in Marine
Science, 4. https://doi.org/10.3389/fmars.2017.00006

Herminia Dominguez, 2013. https://www.sciencedirect.com/book/9780857095121/functional-ingredients-

from-algae-for-foods-and-nutraceuticals

116


https://doi.org/10.1002/btpr.575
https://doi.org/10.1016/j.plipres.2006.01.001
https://doi.org/10.1016/j.antiviral.2009.06.007
https://doi.org/10.1016/j.dib.2022.108643
https://doi.org/10.1101/680348
https://doi.org/10.1016/j.sjbs.2011.01.005
https://doi.org/10.3389/fmars.2017.00006
https://www.sciencedirect.com/book/9780857095121/functional-ingredients-from-algae-for-foods-and-nutraceuticals
https://www.sciencedirect.com/book/9780857095121/functional-ingredients-from-algae-for-foods-and-nutraceuticals

Hidari KI, Takahashi N, Arihara M, Nagaoka M, Morita K, Suzuki T. Structure and anti-dengue virus
activity of sulfated polysaccharide from a marine alga. Biochem Biophys Res Commun. 2008 Nov
7;376(1):91-5. doi: 10.1016/j.bbrc.2008.08.100.

Hierholtzer, A., Chatellard, L., Kierans, M., Akunna, J. C., & Collier, P. J. (2013). The impact and mode
of action of phenolic compounds extracted from brown seaweed on mixed anaerobic microbial
cultures. Journal of Applied Microbiology, 114(4), 964-973. https://doi.org/10.1111/jam.12114
Hmelkov, A. B., Zvyagintseva, T. N., Shevchenko, N. M., Rasin, A. B., & Ermakova, S. P. (2018).

Ultrasound-assisted extraction of polysaccharides from brown alga Fucus evanescens. Structure and

biological activity of the new fucoidan fractions. Journal of Applied Phycology, 30(3), 2039-
2046. https://doi.org/10.1007/s10811-017-1342-9

Hockaday, L. A., Kang, K. H., Colangelo, N. W., Cheung, P. Y. C., Duan, B., Malone, E., Wu, J., Girardi,
L. N., Bonassar, L. J., Lipson, H., Chu, C. C., & Butcher, J. T. (2012). Rapid 3D printing of anatomically

accurate and mechanically heterogeneous aortic valve hydrogel scaffolds. Biofabrication, 4(3),
035005. https://doi.org/10.1088/1758-5082/4/3/035005

Hori, K., Miyazawa, K. & Ito, K. Some common properties of lectins from marine
algae. Hydrobiologia 204, 561-566 (1990). https://doi.org/10.1007/BF00040287
Hornsey, I. S., & Hide, D. (1976). The production of antimicrobial compounds by British marine algae II.

Seasonal variation in production of antibiotics. British Phycological Journal, 11(1), 63—
67. https://doi.org/10.1080/00071617600650101

Hosokawa, M., Wanezaki, S., Miyauchi, K., Kurihara, H., Kohno, H., Kawabata, J., Odashima, S., &
Takahashi, K. (1999). Apoptosis-Inducing Effect of Fucoxanthin on Human Leukemia Cell Line HL-
60. Food Science and Technology Research, 5(3), 243-246. https://doi.org/10.3136/fstr.5.243

Hossain M. S, Chowdhury S. R, Rashed Uddin Nobi, Resource Mapping of Saint Martin’s Island Using
Satellite Image and Ground Observations

Hossain, M. T., Sohag, A. a. M., Haque, N., Tahjib-Ul-Arif, M., Dash, R., Chowdhury, M. E. H., Hossain,
M. A., Moon, I., & Hannan, M. A. (2021). Nutritional Value, Phytochemical Profile, Antioxidant Property
and Agar Yielding Potential of Macroalgae from Coasts of Cox’s Bazar and St. Martin’s Island of
Bangladesh. Journal of Aquatic Food Product Technology, 30(2), 217-
227. https://doi.org/10.1080/10498850.2020.1869876

Hsu, H. Y., Lin, T. Y., Hwang, P., Tseng, L., Chen, R., Tsao, S. M., & Hsu, J. (2013). Fucoidan induces

changes in the epithelial to mesenchymal transition and decreases metastasis by enhancing ubiquitin-

dependent TGF  receptor degradation in  breast cancer. Carcinogenesis, 34(4), 874-
884. https://doi.org/10.1093/carcin/bgs396

117


https://doi.org/10.1111/jam.12114
https://doi.org/10.1007/s10811-017-1342-9
https://doi.org/10.1088/1758-5082/4/3/035005
https://doi.org/10.1007/BF00040287
https://doi.org/10.1080/00071617600650101
https://doi.org/10.3136/fstr.5.243
https://doi.org/10.1080/10498850.2020.1869876
https://doi.org/10.1093/carcin/bgs396

https://www.jocpr.com/articles/structural -features-molecular-weight-and-antihsv-activity-of-sulfated-

polysaccharides-from-three-red-seaweeds-5284.html

https://www.researchgate.net/publication/234025207 Resource Mapping of Saint Martin's Island Usi

ng_Satellite Image and Ground Observations

Huang X, Li M, Xu B, Zhu X, Deng Z, Lin W. Proteasome and NF-kappaB inhibiting phaeophytins from
the green alga Cladophora fascicularis. Molecules. 2007 Mar 21;12(3):582-92. doi: 10.3390/12030582.
PMID: 17851413; PMCID: PMC6149400.

Humphrey, A. (1980). Chlorophyll. Food Chemistry, 5(1), 57-67. https://doi.org/10.1016/0308-
8146(80)90064-3

Humphrey, A. (2006). Chlorophyll as a Color and Functional Ingredient. Journal of Food Science, 69(5),
C422-CA425. https://doi.org/10.1111/j.1365-2621.2004.th10710.x

Inoue N, Yamano N, Sakata K, Nagao K, Hama Y, Yanagita T. The sulfated polysaccharide porphyran
reduces apolipoprotein B100 secretion and lipid synthesis in HepG2 cells. Biosci Biotechnol Biochem.
2009 Feb;73(2):447-9. doi: 10.1271/bbb.80688. Epub 2009 Feb 7.

Islam, A. & Khondker, Moniruzzaman. (1994). New records of algae from Bangladesh IV. Heteromastix
and Gonyostomum. Bangladesh J. Bot.. 23. 199-203.

Islam, A.K.M. & Irfanullah, Haseeb. (2001). Some new records of algae for Bangladesh: Cyanarcus,
Chloremys, Myrmecia, Selenodictyum, Tetraplektron and Pseudostaurastrum. Bangladesh Journal of Plant
Taxonomy. 8. 1-7.

Islam, A.K.M.N. 1976. Contribution to the study of the benthic marine algae of Bangladesh Bibl. Phycol.
19:1-253

Islam, A.K.M.N. and Aziz, A., 1982. Addition to the list of Marine algae of St. Martins Island, Bangladesh
II, Brown, Red and Blue Green algae, Nova Hedwig:36:643-657

Islam, A.K.M.N. and Aziz, A.,1987. Addition to the list of Marine algae of St. Martins Island, Bangladesh
III, Red algae, Nova Hedwig 45 (1-2);211-221

Islam, Md & Hoq, Enamul & Ali, Zohayr & Sharif, Abu & Bhuyan, Md. (2020). Diversity and occurrence
of seaweeds from the south-eastern coast of Bangladesh. Indian Journal of Geo-Marine Sciences. 49 (8).
1379-1388.

Islam, Md & Hoq, Enamul & Hasan, Jakia & Ashraful, Mohammed & Ali, Md & Mahmud, Yahia. (2020).
Seaweeds of Bangladesh Coast.

Islam, S., Aziz, A. and Chowdhury, A. H. 2010 (June). Marine algae of St. Martins Island, Bangladesh
VIII. New record of Red algae (Rhodophyceae). Bangladesh. J. Bot 39(1): 87-96

118


https://www.jocpr.com/articles/structural-features-molecular-weight-and-antihsv-activity-of-sulfated-polysaccharides-from-three-red-seaweeds-5284.html
https://www.jocpr.com/articles/structural-features-molecular-weight-and-antihsv-activity-of-sulfated-polysaccharides-from-three-red-seaweeds-5284.html
https://www.researchgate.net/publication/234025207_Resource_Mapping_of_Saint_Martin's_Island_Using_Satellite_Image_and_Ground_Observations
https://www.researchgate.net/publication/234025207_Resource_Mapping_of_Saint_Martin's_Island_Using_Satellite_Image_and_Ground_Observations
https://doi.org/10.1016/0308-8146(80)90064-3
https://doi.org/10.1016/0308-8146(80)90064-3
https://doi.org/10.1111/j.1365-2621.2004.tb10710.x

Islam, Z., Khatoon, H., Minhaz, T. M., Rahman, M. R., Hasan, S., Mahmud, Y., Hossain, M. S., & Sarker,
J. (2021). Data on growth, productivity, pigments and proximate composition of indigenous marine
microalgae isolated from Cox’s Bazar Coast. Data in Brief, 35,
106860. https://doi.org/10.1016/j.dib.2021.106860

Jegan, S., Raj, G.A., Chandrasekaran, M., & Venkatesalu, V. (2019). Anti-MRSA Activity of Padina
tetrastromatica, Padina gymnospora from Gulf of Mannar Biosphere.

Jeyaraj M, Rajesh M, Arun R, MubarakAli D, Sathishkumar G, Sivanandhan G, Dev GK, Manickavasagam

M, Premkumar K, Thajuddin N, Ganapathi A. An investigation on the cytotoxicity and caspase-mediated

apoptotic effect of biologically synthesized silver nanoparticles using Podophyllum hexandrum on human
cervical carcinoma cells. Colloids Surf B Biointerfaces. 2013 Feb 1;102:708-17. doi:
10.1016/j.colsurfb.2012.09.042. Epub 2012 Oct 6. PMID: 23117153.

Ji, C., Ji, Y., & Meng, D. (2013). Sulfated modification and anti-tumor activity of laminarin. Experimental
and Therapeutic Medicine, 6(5), 1259-1264. https://doi.org/10.3892/etm.2013.1277

Jiao, G,, Yu, G., Wang, W., Zhao, X., Zhang, J., & Ewart, S. (2012). Properties of polysaccharides in several
seaweeds from Atlantic Canada and their potential anti-influenza viral activities. Journal of Ocean
University of China, 11, 205-212.

Jiao, L., Li, X,, Li, T., Jiang, P., Zhang, L., Wu, M., & Zhang, L. (2009). Characterization and anti-tumor
activity of alkali-extracted  polysaccharide  from  Enteromorpha intestinalis. International
Immunopharmacology, 9(3), 324-329. https://doi.org/10.1016/j.intimp.2008.12.010

Jiménez-Escrig, A., & Sanchez-Muniz, F. (2000). Dietary fibre from edible seaweeds: Chemical structure,
physicochemical properties and effects on cholesterol metabolism. Nutrition Research, 20(4), 585—
598. https://doi.org/10.1016/s0271-5317(00)00149-4

Jung, H.A.,, Hyun, S.K., Kim, H.R. et al. Angiotensin-converting enzyme | inhibitory activity of
phlorotannins from Ecklonia stolonifera . Fish Sci 72, 1292-1299 (2006). https://doi.org/10.1111/j.1444-
2906.2006.01288.x

Jung, W., Heo, S., Jeon, Y., Lee, C. G,, Park, Y., Byun, H., Choi, Y. H., Park, S., & Choi, I. (2009b).
Inhibitory Effects and Molecular Mechanism of Dieckol Isolated from Marine Brown Alga on COX-2 and
iNOS in Microglial Cells. Journal of Agricultural and Food Chemistry, 57(10), 4439-
4446. https://doi.org/10.1021/jf9003913

Kadam, S. U., O’Donnell, C. P., Rai, D. K., Hossain, M. M., Burgess, C. M., Walsh, D., & Tiwari, B. K.

(2015). Laminarin from Irish Brown Seaweeds Ascophyllum nodosum and Laminaria hyperborea:

Ultrasound Assisted Extraction, Characterization and Bioactivity. Marine Drugs, 13(7), 4270—
4280. https://doi.org/10.3390/md13074270

119


https://doi.org/10.1016/j.dib.2021.106860
https://doi.org/10.3892/etm.2013.1277
https://doi.org/10.1016/j.intimp.2008.12.010
https://doi.org/10.1016/s0271-5317(00)00149-4
https://doi.org/10.1111/j.1444-2906.2006.01288.x
https://doi.org/10.1111/j.1444-2906.2006.01288.x
https://doi.org/10.1021/jf9003913
https://doi.org/10.3390/md13074270

Ké&hkonen, M. P., Hopia, A., Vuorela, H., Rauha, J., Pihlaja, K., Kujala, T. S., & Heinonen, M. (1999).
Antioxidant Activity of Plant Extracts Containing Phenolic Compounds. Journal of Agricultural and Food
Chemistry, 47(10), 3954-3962. https://doi.org/10.1021/jf990146I

Kammoun I, Ben Salah H, Ben Saad H, Cherif B, Droguet M, Magné C, Kallel C, Boudawara O, Hakim
A, Gharsallah N, Ben Amara I. Hypolipidemic and cardioprotective effects of Ulva lactuca ethanolic extract
in  hypercholesterolemic  mice. Arch Physiol Biochem. 2018 Oct;124(4):313-325. doi:
10.1080/13813455.2017.1401641. Epub 2017 Nov 24.

Kandi, S., Godishala, V., Rao, P., & Ramana, K.V. (2015). Biomedical Significance of Terpenes: An
Insight.

Kasanah, N., Amelia, W., Mukminin, A., T., & Isnansetyo, A. (2019). Antibacterial activity of Indonesian
red algae Gracilaria edulis against bacterial fish pathogens and characterization of active fractions. Natural
Product Research, 33(22), 3303-3307. https://doi.org/10.1080/14786419.2018.1471079

Kausalya, M. and Rao, G.M. (2015) Antimicrobial Activity of Marine Algae. Journal Algal Biomass
Utilization, 6, 78-87. - References - Scientific Research Publishing.
(n.d.). https://www.scirp.org/(S(czeh2tfqw2orz553k1wO0r45))/reference/referencespapers.aspx?referencei

d=2257395

Kavita, K., Singh, V. P., & Jha, B. (2014). 24-Branched A5 sterols from Laurencia papillosa red scaweed
with antibacterial activity against human pathogenic bacteria. Microbiological Research, 169(4), 301-
306. https://doi.org/10.1016/j.micres.2013.07.002

Khalifa, S. a. M., Elias, N., Farag, M. A., Chen, L., Saeed, A., Hegazy, M. I., Moustafa, M. S., EI-Wahed,
A. A., Al-Mousawi, S. M., Musharraf, S. G., Chang, F. R., Iwasaki, A., Suenaga, K., Alajlani, M.,
Goransson, U., & El-Seedi, H. R. (2019). Marine Natural Products: A Source of Novel Anticancer
Drugs. Marine Drugs, 17(9), 491. https://doi.org/10.3390/md17090491

Khan, M. S. K. et al., 2016 https://www.researchgate.net/profile/Md-Hoque-

61/publication/355172160_ Nutritional_evaluation_of some_seaweeds _from_the Bay of Bengal_in_con
trast_to_inland_fishes_of Bangladesh/links/61640859e7993f536cbe99f2/Nutritional-evaluation-of-some-
seaweeds-from-the-Bay-of-Bengal-in-contrast-to-inland-fishes-of-Bangladesh.pdf

Khosla, P., Patel, V., Whinter, J. M., Khanna, S., Rakhkovskaya, M., Roy, S., & Sen, C. K. (2006).

Postprandial Levels of the Natural Vitamin E Tocotrienol in Human Circulation. Antioxidants & Redox
Signaling, 8(5-6), 1059-1068. https://doi.org/10.1089/ars.2006.8.1059

Kim KY, Nam KA, Kurihara H, Kim SM. Potent alpha-glucosidase inhibitors purified from the red alga
Grateloupia elliptica. Phytochemistry. 2008 Nov;69(16):2820-5. doi: 10.1016/j.phytochem.2008.09.007.
Epub 2008 Oct 23. PMID: 18951591.

120


https://doi.org/10.1021/jf990146l
https://doi.org/10.1080/14786419.2018.1471079
https://doi.org/10.1016/j.micres.2013.07.002
https://doi.org/10.3390/md17090491
https://www.researchgate.net/profile/Md-Hoque-61/publication/355172160_Nutritional_evaluation_of_some_seaweeds_from_the_Bay_of_Bengal_in_contrast_to_inland_fishes_of_Bangladesh/links/61640859e7993f536cbe99f2/Nutritional-evaluation-of-some-seaweeds-from-the-Bay-of-Bengal-in-contrast-to-inland-fishes-of-Bangladesh.pdf
https://www.researchgate.net/profile/Md-Hoque-61/publication/355172160_Nutritional_evaluation_of_some_seaweeds_from_the_Bay_of_Bengal_in_contrast_to_inland_fishes_of_Bangladesh/links/61640859e7993f536cbe99f2/Nutritional-evaluation-of-some-seaweeds-from-the-Bay-of-Bengal-in-contrast-to-inland-fishes-of-Bangladesh.pdf
https://www.researchgate.net/profile/Md-Hoque-61/publication/355172160_Nutritional_evaluation_of_some_seaweeds_from_the_Bay_of_Bengal_in_contrast_to_inland_fishes_of_Bangladesh/links/61640859e7993f536cbe99f2/Nutritional-evaluation-of-some-seaweeds-from-the-Bay-of-Bengal-in-contrast-to-inland-fishes-of-Bangladesh.pdf
https://www.researchgate.net/profile/Md-Hoque-61/publication/355172160_Nutritional_evaluation_of_some_seaweeds_from_the_Bay_of_Bengal_in_contrast_to_inland_fishes_of_Bangladesh/links/61640859e7993f536cbe99f2/Nutritional-evaluation-of-some-seaweeds-from-the-Bay-of-Bengal-in-contrast-to-inland-fishes-of-Bangladesh.pdf
https://doi.org/10.1089/ars.2006.8.1059

Kim MJ, Kim HK. Insulinotrophic and hypolipidemic effects of Ecklonia cava in streptozotocin-induced
diabetic mice. Asian Pac J Trop Med. 2012 May;5(5):374-9. doi: 10.1016/S1995-7645(12) -600625. PMID:
22546654.

Kim, H. J., Dasagrandhi, C., Kim, S., Kim, B., Eom, S., & Kim, Y. (2018b). In Vitro Antibacterial Activity
of Phlorotannins from Edible Brown Algae, Eisenia bicyclis Against Streptomycin-Resistant Listeria
monocytogenes. Indian Journal of Microbiology, 58(1), 105-108. https://doi.org/10.1007/s12088-017-
0693-x

Kim, M., & Kim, H. S. (2012). Insulinotrophic and hypolipidemic effects of Ecklonia cava in
streptozotocin—-induced diabetic mice. Asian Pacific Journal of Tropical Medicine, 5(5), 374-
379. https://doi.org/10.1016/51995-7645(12)60062-5

Kim, S., & Kang, K. (2011). Medicinal effects of peptides from marine microalgae. Advances in Food and
Nutrition Research, 64, 313-323. https://doi.org/10.1016/b978-0-12-387669-0.00025-9

Kim, T. Y., Ku, S., Lee, T., & Bae, J. (2012). Vascular barrier protective effects of phlorotannins on
HMGB1-mediated proinflammatory responses in vitro and in vivo. Food and Chemical Toxicology, 50(6),
2188-2195. https://doi.org/10.1016/j.fct.2012.03.082

Koehn, F. E., Sarath, G. P., Neil, D., & Cross, S. S. (1991). Halitunal, an unusual diterpene aldehyde from
the marine alga Halimeda tuna. Tetrahedron Letters, 32(2), 169-172. https://doi.org/10.1016/0040-
4039(91)80845-w

Koishi AC, Zanello PR, Bianco EM, Bordignon J, Nunes Duarte dos Santos C. Screening of Dengue virus
antiviral activity of marine seaweeds by an in situ enzyme-linked immunosorbent assay. PLoS One.
2012;7(12):e51089. doi: 10.1371/journal.pone.0051089.

Konig, G. M., Wright, A. D., & Franzblau, S. G. (2000). Assessment of Antimycobacterial Activity of a
Series of Mainly Marine Derived Natural Products. Planta  Medica, 66(04), 337-
342. https://doi.org/10.1055/s-2000-8534

Koyande, A. K., Chew, K. W., Rambabu, K., Show, P. L., Chu, D., & Show, P. L. (2019b). Microalgae: A
potential alternative to health supplementation for humans. Food Science and Human Wellness, 8(1), 16—
24, https://doi.org/10.1016/j.fshw.2019.03.001

Kumar, S. P., Magnusson, M., Ward, L. C., Paul, N. A., & Brown, L. (2015). Seaweed Supplements
Normalise Metabolic, Cardiovascular and Liver Responses in High-Carbohydrate, High-Fat Fed
Rats. Marine Drugs, 13(2), 788-805. https://doi.org/10.3390/md13020788

Kusaykin, M. 1., Bakunina, I. A., Sova, V. V., Ermakova, S. P., Kuznetsova, T., Zaporozhets, T. S., &
Zvyagintseva, T. N. (2008). Structure, biological activity, and enzymatic transformation of fucoidans from
the brown seaweeds. Biotechnology Journal, 3(7), 904-915. https://doi.org/10.1002/biot.200700054

121


https://doi.org/10.1007/s12088-017-0693-x
https://doi.org/10.1007/s12088-017-0693-x
https://doi.org/10.1016/b978-0-12-387669-0.00025-9
https://doi.org/10.1016/j.fct.2012.03.082
https://doi.org/10.1016/0040-4039(91)80845-w
https://doi.org/10.1016/0040-4039(91)80845-w
https://doi.org/10.1055/s-2000-8534
https://doi.org/10.1016/j.fshw.2019.03.001
https://doi.org/10.3390/md13020788
https://doi.org/10.1002/biot.200700054

Lahaye M, Robic A. Structure and functional properties of ulvan, a polysaccharide from green seaweeds.
Biomacromolecules. 2007 Jun;8(6):1765-74. doi: 10.1021/bm061185qg. Epub 2007 Apr 26. PMID:
17458931.

Lakshmi, T., Vajravijayan, S., Moumita, M., Sakthivel, N., Gunasekaran, K., & Krishna, R. (2018). A novel
guaiane sesquiterpene derivative, guai-2-en-10a-ol, from Ulva fasciata Delile inhibits EGFR/PI3K/Akt
signaling and induces cytotoxicity in triple-negative breast cancer cells. Molecular and Cellular
Biochemistry, 438(1-2), 123-139. https://doi.org/10.1007/s11010-017-3119-5

Lane, A. R,, Stout, E. P., Lin, A., Prudhomme, J., Roch, K. G. L., Fairchild, C. R., Franzblau, S. G., Hay,
M. E., Aalbersberg, W. G., & Kubanek, J. (2009). Antimalarial Bromophycolides J-Q from the Fijian Red
Alga Callophycus serratus. Journal of Organic Chemistry, 74(7), 2736—
2742. https://doi.org/10.1021/jo900008w

Lavakumar, V., Ahamed, K.N., & Ravichandiran, V. (2016). Anti cancer and Antioxidant Effect of

Acanthophora spicifera against EAC induced carcinoma in mice.

Lee, J. P, Park, B., Kim, H., & Seo, Y. (2014). Isolation of Two New Meroterpenoids from Sargassum
siliquastrum. Bulletin of the Korean Chemical Society, 35(9), 2867—
2869. https://doi.org/10.5012/bkcs.2014.35.9.2867

Leibbrandt A, Meier C, Kénig-Schuster M, Weinmiillner R, Kalthoff D, Pflugfelder B, Graf P, Frank-
Gehrke B, Beer M, Fazekas T, Unger H, Prieschl-Grassauer E, Grassauer A. lota-carrageenan is a potent
inhibitor of influenza A virus infection. PLoS One. 2010 Dec 14;5(12):¢14320. doi:
10.1371/journal.pone.0014320.

Lemoine, Y., & Schoefs, B. (2010). Secondary ketocarotenoid astaxanthin biosynthesis in algae: a

multifunctional response to stress. Photosynthesis Research, 106(1-2), 155-
177. https://doi.org/10.1007/s11120-010-9583-3

Levasseur, W., Perré, P., & Pozzobon, V. (2020). A review of high value-added molecules production by
microalgae in light of the classification. Biotechnology Advances, 41,
107545. https://doi.org/10.1016/j.biotechadv.2020.107545

Li Fan, Tian Tongchun, Shi Yanchun, Liu Yang, Zhang Shaolun. Study on anti-virus effect of fucoidan in
vitro Baigiuen Yike Daxue Xuebao. 1995 ;21(3):255-257.

Li, B., Lu, F., Wei, X., & Zhao, R. (2008). Fucoidan: Structure and Bioactivity. Molecules, 13(8), 1671—
1695. https://doi.org/10.3390/molecules1308167

Li, B., Lu, F., Wei, X., & Zhao, R. (2008b). Fucoidan: Structure and Bioactivity. Molecules, 13(8), 1671—
1695. https://doi.org/10.3390/molecules13081671

122


https://doi.org/10.1007/s11010-017-3119-5
https://doi.org/10.1021/jo900008w
https://doi.org/10.5012/bkcs.2014.35.9.2867
https://doi.org/10.1007/s11120-010-9583-3
https://doi.org/10.1016/j.biotechadv.2020.107545
https://doi.org/10.3390/molecules1308167

li, yong-xin & Wijesekara, Isuru & li, Yong & Kim, Se-Kwon. (2011). Phlorotannins as bioactive agents
from brown algae. Process Biochemistry - PROCESS BIOCHEM. 46. 2219-2224.
10.1016/j.prochio.2011.09.015.

Lihn AS, Pedersen SB, Richelsen B. Adiponectin: action, regulation and association to insulin sensitivity.
Obes Rev. 2005 Feb;6(1):13-21. doi: 10.1111/j.1467-789X.2005.00159.x.

Liu M, Liu Y, Cao MJ, Liu GM, Chen Q, Sun L, Chen H. Antibacterial activity and mechanisms of
depolymerized fucoidans isolated from Laminaria japonica. Carbohydr Polym. 2017 Sep 15;172:294-305.
doi: 10.1016/j.carbpol.2017.05.060.

Liu YX, Zhou YH, Jiang CH, Liu J, Chen DQ. Prevention, treatment and potential mechanism of herbal
medicine for Corona viruses: A review. Bioengineered. 2022 Mar;13(3):5480-5508. doi:
10.1080/21655979.2022.2036521.

Lordan, S., Ross, R. P., & Stanton, C. (2011b). Marine Bioactives as Functional Food Ingredients: Potential
to Reduce the Incidence of Chronic Diseases. Marine Drugs, 9(6), 1056—
1100. https://doi.org/10.3390/md9061056

Lordan, S., Ross, R. P., & Stanton, C. (2011c). Marine Bioactives as Functional Food Ingredients: Potential
to Reduce the Incidence of Chronic Diseases. Marine Drugs, 9(6), 1056—
1100. https://doi.org/10.3390/md9061056

Ludwig M, Enzenhofer E, Schneider S, Rauch M, Bodenteich A, Neumann K, Prieschl-Grassauer E,
Grassauer A, Lion T, Mueller CA. Efficacy of a carrageenan nasal spray in patients with common cold: a
randomized controlled trial. Respir Res. 2013 Nov 13;14(1):124. doi: 10.1186/1465-9921-14-124. PMID:
24219370; PMCID: PMC3840586.https://doi.org/10.1186/1465-9921-14-124

Lustigman B, Brown C. Antibiotic production by marine algae isolated from the New York/New Jersey
coast. Bull Environ Contam Toxicol. 1991 Mar;46(3):329-35. doi: 10.1007/BF01688928. PMID: 2031998.
M. Shahadat Hossain, M. Alamgir, S. Aftab Uddin, M. S. Chowdhury, Seaweeds for Blue economy in

Bangladesh.
https://www.researchgate.net/publication/351781265 Seaweeds for Blue Economy in Bangladesh
M.Kousalya, & Rao, G. M. N. (2015). Antimicrobial activity of  Marine

algae. ResearchGate. https://www.researchgate.net/publication/275517524 Antimicrobial_activity of M
arine_algae

Machu, L., MiSurcova, L., Ambrozova, J. V., Orsavova, J., Ml¢ek, J., Sochor, J., & Jurikova, T. (2015b).
Phenolic Content and Antioxidant Capacity in Algal Food Products. Molecules, 20(1), 1118-
1133. https://doi.org/10.3390/molecules20011118

Mahadev Gaikwad, Yogesh Pawar, Vinod Nagle and Santanu Dasgupta 2020

123


https://doi.org/10.3390/md9061056
https://doi.org/10.3390/md9061056
https://doi.org/10.1186/1465-9921-14-124
https://www.researchgate.net/publication/351781265_Seaweeds_for_Blue_Economy_in_Bangladesh
https://www.researchgate.net/publication/275517524_Antimicrobial_activity_of_Marine_algae
https://www.researchgate.net/publication/275517524_Antimicrobial_activity_of_Marine_algae
https://doi.org/10.3390/molecules20011118

Makarenkova ID, Deriabin PG, L'vov DK, Zviagintseva TN, Besednova NN. [Antiviral activity of sulfated
polysaccharide from the brown algae Laminaria japonica against avian influenza A (H5N1) virus infection
in the cultured cells]. Vopr Virusol. 2010 Jan-Feb;55(1):41-5. Russian. PMID: 20364671.

Makkar, F., & Chakraborty, K. (2017). Antidiabetic and anti-inflammatory potential of sulphated
polygalactans from red seaweedsKappaphycus alvareziiandGracilaria opuntia. International Journal of
Food Properties, 20(6), 1326—1337. https://doi.org/10.1080/10942912.2016.1209216

Marudhupandi, T., & Kumar, T. T. A. (2013). Antibacterial effect of fucoidan from Sargassum wightii
against the chosen human bacterial pathogens. International Current Pharmaceutical Journal, 2(10), 156—
158. https://doi.org/10.3329/icpj.v2i10.16408

Meesala S, Gurung P, Karmodiya K, Subrayan P, Watve MG. Isolation and structure elucidation of
halymeniaol, a new antimalarial sterol derivative from the red alga Halymenia floresii. J Asian Nat Prod
Res. 2018 Apr;20(4):391-398. doi: 10.1080/10286020.2017.1342636.

Mehadi, Mohammed & Kubra, Khadizatul & Hossain, M. Belal & Mustafa, M. & Jainab, Tahsina & Karim,
Reazul & Mehedy, Md. (2015). Screening of Antibacterial and Antifungal Activity of Freshwater and
Marine Algae as a Prominent Natural Antibiotic Available in Bangladesh. International Journal of
Pharmacology.

Mehedi, M. Y., I, Rouf, M. A., & Mostafa, M. (1999). BIOCHEMICAL COMPOSITION OF SOME
SEAWEEDS FROM ST. MARTIN’S ISLAND, BANGLADESH. Khulna University Studies, 283—
287. https://doi.org/10.53808/kus.1999.1.2.283-287-1s

Mei L, Song P, Tang Q, Shan K, Tobe RG, Selotlegeng L, Ali AH, Cheng Y, Xu L. Changes in and
shortcomings of control strategies, drug stockpiles, and vaccine development during outbreaks of avian
influenza A H5N1, HIN1, and H7N9 among humans. Biosci Trends. 2013 Apr;7(2):64-76. PMID:
23612075.

Meinita, M. D. N., Harwanto, D., & Choi, J. (2022). Seaweed Exhibits Therapeutic Properties
against.Chronic Diseases: An Overview. Applied Sciences, 12(5), 2638.
https://doi.org/10.3390/app12052638

Mendiola, J.A., Torres, C.F., Toré, A. et al. Use of supercritical CO, to obtain extracts with antimicrobial
activity from Chaetoceros muelleri microalga. A correlation with their lipidic content. Eur Food Res
Technol 224, 505-510 (2007). https://doi.org/10.1007/s00217-006-0353-6

Menshova RV, Ermakova SP, Anastyuk SD, Isakov VV, Dubrovskaya YV, Kusaykin MI, Um BH,

Zvyagintseva TN. Structure, enzymatic transformation and anticancer activity of branched high molecular

weight laminaran from brown alga Eisenia bicyclis. Carbohydr Polym. 2014 Jan;99:101-9. doi:
10.1016/j.carbpol.2013.08.037. Epub 2013 Aug 21. PMID: 24274485.

124


https://doi.org/10.3329/icpj.v2i10.16408
https://doi.org/10.53808/kus.1999.1.2.283-287-ls
https://doi.org/10.1007/s00217-006-0353-6

Mikami, K., & Hosokawa, M. (2013). Biosynthetic Pathway and Health Benefits of Fucoxanthin, an Algae-
Specific Xanthophyll in Brown Seaweeds. International Journal of Molecular Sciences, 14(7), 13763—
13781. https://doi.org/10.3390/ijms140713763

Millet JK, Whittaker GR. Host cell entry of Middle East respiratory syndrome coronavirus after two-step,
furin-mediated activation of the spike protein. Proc Natl Acad Sci U S A. 2014 Oct 21;111(42):15214-9.
doi: 10.1073/pnas.1407087111. Epub 2014 Oct 6. PMID: 25288733; PMCID: PMC4210292.

Mohamed A. Deyab Mohamed I. Abou-Dobara. Egypt. J. Exp. Biol. (Bot.). 2013; 9(2): 281-286
https://www.bibliomed.org/?mno=186661

Mohammed A. Alkuriji, Mohammed B. Al-Fageeh, Fekri M. Shaher, Majed S. Alorf, and Haitham F.
Almazyad. Larvicidal Effect of Seaweed Codium Edule extracts on Aedes Aegypti mosquito
https://www.rjpbcs.com/pdf/2020 11(5)/[10].pdf

Mondal, A., Bose, S., Banerjee, S., Patra, J. K., Malik, J., Mandal, S., Kilpatrick, K. L., Das, G., Kerry, R.
G., Fimognari, C., & Bishayee, A. (2020). Marine Cyanobacteria and Microalgae Metabolites—A Rich
Source of Potential Anticancer Drugs. Marine Drugs, 18(9), 476. https://doi.org/10.3390/md18090476

Mooberry SL, Busquets L, Tien G. Induction of apoptosis by cryptophycin 1, a new antimicrotubule agent.
Int J Cancer. 1997 Nov 4;73(3):440-8. doi: 10.1002/(sici)1097-0215(19971104)73:3<440::aid-
ijc20>3.0.c0;2-f. PMID: 9359493.

Moo-Puc, R. (n.d.). In vitro cytotoxic and antiproliferative activities of marine macroalgae from Yucatan,
Mexico. https://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S0185-
38802009000400003&Ing=en&nrm=iso&ting=en

Morita, M., Ohno, O., Teruya, T., Yamori, T., Inuzuka, T., & Suenaga, K. (2012). Isolation and structures
of biselyngbyasides B, C, and D from the marine cyanobacterium Lyngbya sp., and the biological activities
of biselyngbyasides. Tetrahedron, 68(30), 5984-5990. https://doi.org/10.1016/].tet.2012.05.038

Motshakeri M, Ebrahimi M, Goh YM, Matanjun P, Mohamed S. Sargassum polycystum reduces
hyperglycaemia, dyslipidaemia and oxidative stress via increasing insulin sensitivity in a rat model of type
2 diabetes. J Sci Food Agric. 2013 May;93(7):1772-8. doi: 10.1002/jsfa.5971. Epub 2012 Dec 4. PMID:
23208488.

Mu, J., Hirayama, M., Sato, Y., Morimoto, K., & Hori, K. (2017). A Novel High-Mannose Specific Lectin
from the Green Alga Halimeda renschii Exhibits a Potent Anti-Influenza Virus Activity through High-
Affinity Binding to the Viral Hemagglutinin. Marine Drugs, 15(8),
255. https://doi.org/10.3390/md15080255

Noda, H., Amano, H., Arashima, K., & Nisizawa, K. (1990). Antitumor activity of marine
algae. Hydrobiologia, 204-205(1), 577-584. https://doi.org/10.1007/bf00040290

125


https://doi.org/10.3390/ijms140713763
https://www.bibliomed.org/?jtt=1687-7497
https://www.bibliomed.org/?mno=186661
https://www.rjpbcs.com/pdf/2020_11(5)/%5b10%5d.pdf
https://doi.org/10.3390/md18090476
https://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S0185-38802009000400003&lng=en&nrm=iso&tlng=en
https://www.scielo.org.mx/scielo.php?script=sci_abstract&pid=S0185-38802009000400003&lng=en&nrm=iso&tlng=en
https://doi.org/10.1016/j.tet.2012.05.038
https://doi.org/10.3390/md15080255
https://doi.org/10.1007/bf00040290

Norkin, L. C. 2010. Virology: molecular biology and pathogenesis 2010 pp.725 pp

Normile D. Tropical medicine. Surprising new dengue virus throws a spanner in disease control efforts.
Science. 2013 Oct 25;342(6157):415. doi: 10.1126/science.342.6157.415.

Novoveska, L., Ross, M. W., Stanley, M. S., Pradelles, R., Wasiolek, V., & Sassi, J. (2019). Microalgal
Carotenoids: A Review of Production, Current Markets, Regulations, and Future Direction. Marine
Drugs, 17(11), 640. https://doi.org/10.3390/md17110640

Nweze JA, Mbaoji FN, Huang G, Li Y, Yang L, Zhang Y, Huang S, Pan L, Yang D. Antibiotics
Development and the Potentials of Marine-Derived Compounds to Stem the Tide of Multidrug-Resistant
Pathogenic Bacteria, Fungi, and Protozoa. Mar Drugs. 2020 Feb 28;18(3):145. doi: 10.3390/md18030145.

Nweze, J.A., Mbaoji, F.N., Li, YM. et al. Potentials of marine natural products against malaria,

leishmaniasis, and trypanosomiasis parasites: a review of recent articles. Infect Dis Poverty 10, 9 (2021).
https://doi.org/10.1186/s40249-021-00796-6

Pachiappan Perumal, Sundaramoorthy Dhanasundaram, Annamalai Aravinth et al. Larvicidal property of

the extracts of the seaweeds; Sargassum wightii, S. ilicifolium and Gelidiella acerosa vis-a-vis Anopheles
stephensi, Aedes aegypti and Culex quinquefasciatus, 14 April 2022, PREPRINT (Version 1) available at
Research Square [https://doi.org/10.21203/rs.3.rs-1535997/v1]

Pangestuti, R., & Kim, S. (2011). Biological activities and health benefit effects of natural pigments derived
from marine algae. Journal of Functional Foods, 3(4), 255-266. https://doi.org/10.1016/].jff.2011.07.001
Pangestuti, R., Shin, K., & Kim, S. (2021b). Anti-Photoaging and Potential Skin Health Benefits of
Seaweeds. Marine Drugs, 19(3), 172. https://doi.org/10.3390/md19030172

Paul S, Kundu R. Antiproliferative activity of methanolic extracts from two green algae, Enteromorpha
intestinalis and Rizoclonium riparium on HeLa cells. Daru. 2013 Dec 19;21(1):72. doi: 10.1186/2008-2231-
21-72. PMID: 24355313; PMCID: PMC3923273.

Penicooke N, Walford K, Badal S, Delgoda R, Williams LA, Joseph-Nathan P, Gordillo-Roman B,
Gallimore W. Antiproliferative activity and absolute configuration of zonaquinone acetate from the
Jamaican  alga  Stypopodium zonale. Phytochemistry. 2013 Mar;87:96-101. doi:
10.1016/j.phytochem.2012.11.014. Epub 2012 Dec 17. PMID: 23257707.

Pereira, L. (2018). Seaweeds as Source of Bioactive Substances and Skin Care Therapy—Cosmeceuticals,
Algotheraphy, and Thalassotherapy. Cosmetics, 5(4), 68. https://doi.org/10.3390/cosmetics5040068
Pereira, R. C., Evdokimov, N. M., Lefranc, F., Valentdo, P., Kornienko, A., Pereira, D. M., Andrade, P. B.,
& Gomes, N. G. (2019). Marine-Derived Anticancer Agents: Clinical Benefits, Innovative Mechanisms,
and New Targets. Marine Drugs, 17(6), 329. https://doi.org/10.3390/md17060329

126


https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Norkin%2c+L.+C.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Virology%3a+molecular+biology+and+pathogenesis%22
https://doi.org/10.3390/md17110640
https://doi.org/10.1186/s40249-021-00796-6
https://doi.org/10.1016/j.jff.2011.07.001
https://doi.org/10.3390/md19030172
https://doi.org/10.3390/cosmetics5040068
https://doi.org/10.3390/md17060329

Pereira, R. C., Evdokimov, N. M., Lefranc, F., Valentdo, P., Kornienko, A., Pereira, D. M., Andrade, P. B.,
& Gomes, N. G. (2019). Marine-Derived Anticancer Agents: Clinical Benefits, Innovative Mechanisms,
and New Targets. Marine Drugs, 17(6), 329. https://doi.org/10.3390/md17060329

Pérez, M. D. O, Falqué, E., & Dominguez, H. (2016). Antimicrobial Action of Compounds from Marine
Seaweed. Marine Drugs, 14(3), 52. https://doi.org/10.3390/md14030052
Pérez-Riverol, A. & Pifidn, Alexander & Morier, Luis & Ldpez, Y. & Llanes, D. & Barrio, Gloria. (2014).

Antiviral activity of an aqueous extract from the red alga Laurencia obtusa against influenza A and B

viruses. Revista Cubana de Medicina Tropical. 66. 273-285.

Petit, L., Vernes, L., & Cadoret, J. (2021). Docking and in silico toxicity assessment of Arthrospira
compounds as potential antiviral agents against SARS-CoV-2. Journal of Applied Phycology, 33(3), 1579—
1602. https://doi.org/10.1007/s10811-021-02372-9

Petrovsky N, Cooper PD. Carbohydrate-based immune adjuvants. Expert Rev Vaccines. 2011
Apr;10(4):523-37. doi: 10.1586/erv.11.30.

Pinteus S, Alves C, Monteiro H, Aradjo E, Horta A, Pedrosa R. Asparagopsis armata and Sphaerococcus
coronopifolius as a natural source of antimicrobial compounds. World J Microbiol Biotechnol. 2015
Mar;31(3):445-51. doi: 10.1007/s11274-015-1797-2. Epub 2015 Jan 15. PMID: 25588525.

Plouguerng, E., Da Gama, B. A., Pereira, R. C., & Barreto-Bergter, E. (2014). Glycolipids from seaweeds
and their potential biotechnological applications. Frontiers in  Cellular and Infection
Microbiology, 4. https://doi.org/10.3389/fcimb.2014.00174

Popa, E. G., Gomes, M. E., & Reis, R. L. (2011). Cell Delivery Systems Using Alginate—Carrageenan
Hydrogel Beads and Fibers for Regenerative Medicine Applications. Biomacromolecules, 12(11), 3952—
3961. https://doi.org/10.1021/bm200965x

Preetha, S. P., & Devaraj, H. (2010). Role of Sulphated Polysaccharides from Sargassum Wightii in the
Control of Diet-Induced Hyperlipidemia and Associated Inflammatory Complications in Rats. European
Journal of Inflammation. https://doi.org/10.1177/1721727x1000800104

Preetha, S. P., & Devaraj, H. (2010b). Role of Sulphated Polysaccharides from Sargassum Wightii in the

Control of Diet-Induced Hyperlipidemia and Associated Inflammatory Complications in Rats. European
Journal of Inflammation. https://doi.org/10.1177/1721727x1000800104

Ragan, M.A. and Glombitza, K.W. (1986) Phlorotannins, Brown Algal Polyphenols. Progress in
Phycological Resear- ch, 4, 129-241.

Ragasa, Consolacion & Ebajo Jr, Virgilio & Lazaro-Llanos, Nancy & Brkljaca, Robert & Urban, Sylvia.
(2015). Secondary Metabolites from Caulerpa racemosa. Der Pharmacia Lettre. 7. 122-125.

127


https://doi.org/10.3390/md17060329
https://doi.org/10.3390/md14030052
https://doi.org/10.1007/s10811-021-02372-9
https://doi.org/10.3389/fcimb.2014.00174
https://doi.org/10.1021/bm200965x
https://doi.org/10.1177/1721727x1000800104
https://doi.org/10.1177/1721727x1000800104

Ramirez-Higuera, A., Quevedo-Corona, L., Paniagua-Castro, N.et al. Antioxidant enzymes gene
expression and antihypertensive effects of seaweeds Ulva linza and Lessonia trabeculata in rats fed a high-
fat and high-sucrose diet. J Appl Phycol 26, 597-605 (2014). https://doi.org/10.1007/s10811-013-0134-0

Rao, AR; Reddy, AH; Aradhya, SM (2010). Antibacterial properties of Spirulina platensis, Haematococcus

pluvialis, Botryococcus braunii micro algal extracts.
https://hero.epa.gov/hero/index.cfm/reference/details/reference id/1224787

Rao, P. & Periyasamy, Chellaiah & Kumar, K. & Annabattula, Srinivasa Rao & Anantharaman, P. (2018).
SEAWEEDS: DISTRIBUTION, PRODUCTION AND USES.

Raposo MF, de Morais AM, de Morais RM. Influence of sulphate on the composition and antibacterial and
antiviral properties of the exopolysaccharide from Porphyridium cruentum. Life Sci. 2014 Apr 17;101(1-
2):56-63. doi: 10.1016/j.1fs.2014.02.013.

Ray, B., & Lahaye, M. (1995). Cell-wall polysaccharides from the marine green alga Ulva “rigida” (ulvales,
chlorophyta).  Extraction and chemical composition. Carbohydrate  Research, 274,  251-
261. https://doi.org/10.1016/0008-6215(95)00138-]

Ribeiro, N. A., Abreu, T. M., Chaves, H. V., Bezerra, M. M., Monteiro, H. S. A,, Jorge, R. J. B., &
Benevides, N. M. B. (2014). Sulfated polysaccharides isolated from the green seaweed Caulerpa racemosa

plays antinociceptive and anti-inflammatory activities in a way dependent on HO-1 pathway
activation. Inflammation Research, 63(7), 569-580. https://doi.org/10.1007/s00011-014-0728-2
Richmond A. Handbook of Microalgal culture. Oxford, U.K , Blaclwell Publishing Ltd. Pp. 83-90.2004
Rickards, R, Rothschild, J, Willis, A et al. 1999, 'Calothrixins A and B, Novel Pentacyclic Metabolites
from Calothrix Cyanobacteria with Potent Activity against Malaria Parasites and Human Cancer Cells',
Tetrahedron, vol. 55, pp. 13513-13520. Calothrixins A and B, Novel. . . - Researchers - ANU.
(n.d.). https://researchers.anu.edu.au/publications/32327

Rocha, H. a. O., De Moraes, F. R., Trindade, E. S., Franco, C. M. L., Torquato, R. J., Veiga, S. S., Valente,
A. P., Mourdo, P. A., Leite, E. L., Nader, H. B., & Dietrich, C. P. (2005). Structural and Hemostatic
Activities of a Sulfated Galactofucan from the Brown Alga Spatoglossum schroederi. Journal of Biological
Chemistry, 280(50), 41278-41288. https://doi.org/10.1074/jbc.m501124200

Rodrigues, D. N., Alves, C., Horta, A., Gaspar, H., Silva, J., Culioli, G., Thomas, O. P., & Pedrosa, R.
(2015). Antitumor and Antimicrobial Potential of Bromoditerpenes Isolated from the Red Alga,
Sphaerococcus coronopifolius. Marine Drugs, 13(2), 713-726. https://doi.org/10.3390/md13020713

Rodrigues, J. a. G. (2017). An anti-dengue and anti-herpetic polysulfated fraction isolated from the

coenocytic green seaweed Caulerpa cupressoides inhibits thrombin generation in vitro. AGRIS:

128


https://doi.org/10.1007/s10811-013-0134-0
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/1224787
https://doi.org/10.1016/0008-6215(95)00138-j
https://doi.org/10.1007/s00011-014-0728-2
https://researchers.anu.edu.au/publications/32327
https://doi.org/10.1074/jbc.m501124200
https://doi.org/10.3390/md13020713

International Information System for the Agricultural Science and Technology. https://agris.fao.org/agris-
search/search.do?recordiD=DJ2022090601

Rodrigues, S., Cunha, L., Rico, J., Da Costa, A. M. R., Almeida, A., Faleiro, M. L., Buttini, F., & Grenha,
A. (2020). Carrageenan from red algae: an application in the development of inhalable tuberculosis therapy
targeting the macrophages. Drug Delivery and Translational Research, 10(6), 1675-
1687. https://doi.org/10.1007/s13346-020-00799-0

Rosales-Mendoza S, Garcia-Silva I, Gonzélez-Ortega O, Sandoval-Vargas JM, Malla A, Vimolmangkang
S. The Potential of Algal Biotechnology to Produce Antiviral Compounds and Biopharmaceuticals.
Molecules. 2020 Sep 4;25(18):4049. doi: 10.3390/molecules25184049.
Ruqgia, K., Sultana, V., Ara, J., Ehteshamul-Haque, S., & Athar, M. (2015). Hypolipidaemic potential of
seaweeds in normal, triton-induced and high-fat diet-induced hyperlipidaemic rats. Journal of Applied
Phycology, 27(1), 571-579. https://doi.org/10.1007/s10811-014-0321-7

S.P. Preetha and H. Devaraj, Role of Sulphated Polysaccharides from Sargassum Wightii in the Control of

Diet-Induced  Hyperlipidemia and  Associated Inflammatory  Complications in  Rats.
https://doi.org/10.1177/1721727X1000800104

Samarakoon, K. W. (2014). Apoptotic anticancer activity of a novel fatty alcohol ester isolated from
cultured marine diatom, Phaeodactylum tricornutum. AGRIS: International Information System for the
Agricultural Science and Technology. https://agris.fao.org/agris-
search/search.do?recordiD=US201700165670

Sanniyasi, E., Venkatasubramanian, G., Anbalagan, M.M. et al. Invitro anti-HIV-1 activity of the bioactive
compound extracted and purified from two different marine macroalgae (seaweeds) (Dictyota bartayesiana
J.V.Lamouroux and Turbinaria decurrens Bory). Sci Rep 9, 12185 (2019). https://doi.org/10.1038/s41598-
019-47917-8

Santos, A. O. D., Veiga-Santos, P., Ueda-Nakamura, T., Filho, B. P. D., Sudatti, D. B., Bianco, E. M.,
Pereira, R. C., & Nakamura, C. V. (2010). Effect of Elatol, Isolated from Red Seaweed Laurencia
dendroidea, on Leishmania amazonensis. Marine Drugs, 8(11), 2733-
2743. https://doi.org/10.3390/md8112733

Santos, A. O. D., Veiga-Santos, P., Ueda-Nakamura, T., Filho, B. P. D., Sudatti, D. B., Bianco, E. M.,
Pereira, R. C., & Nakamura, C. V. (2010b). Effect of Elatol, Isolated from Red Seaweed Laurencia
dendroidea, on Leishmania amazonensis. Marine Drugs, 8(11), 2733—
2743. https://doi.org/10.3390/md8112733

129


https://agris.fao.org/agris-search/search.do?recordID=DJ2022090601
https://agris.fao.org/agris-search/search.do?recordID=DJ2022090601
https://doi.org/10.1007/s13346-020-00799-0
https://doi.org/10.1007/s10811-014-0321-7
https://journals.sagepub.com/doi/10.1177/1721727X1000800104#con1
https://journals.sagepub.com/doi/10.1177/1721727X1000800104#con2
https://doi.org/10.1177/1721727X1000800104
https://agris.fao.org/agris-search/search.do?recordID=US201700165670
https://agris.fao.org/agris-search/search.do?recordID=US201700165670
https://doi.org/10.1038/s41598-019-47917-8
https://doi.org/10.1038/s41598-019-47917-8
https://doi.org/10.3390/md8112733
https://doi.org/10.3390/md8112733

Santoyo, S., Jaime, L., Plaza, M., Herrero, M., Rodriguez-Meizoso, 1., Cifuentes, A., & Reglero, G. (2012).
Antiviral compounds obtained from microalgae commonly used as carotenoid sources. Journal of Applied
Phycology, 24(4), 731-741. https://doi.org/10.1007/s10811-011-9692-1

Sarithakumari, C & Gl, Renju & Kurup, G. (2012). Anti-inflammatory and antioxidant potential of alginic
acid isolated from the marine algae, Sargassum wightii on adjuvant-induced arthritic rats.
Inflammopharmacology. 21. 10.1007/s10787-012-0159-z. Stout EP, Cervantes S, Prudhomme J, France S,
La Clair JJ, Le Roch K, Kubanek J. Bromophycolide A targets heme crystallization in the human malaria
parasite  Plasmodium  falciparum.  ChemMedChem. 2011  Sep  5;6(9):1572-7.  doi:
10.1002/cmdc.201100252.

Sarithakumari, C. H., Renju, G. L., & Kurup, G. M. (2013). Anti-inflammatory and antioxidant potential
of alginic acid isolated from the marine algae, Sargassum wightii on adjuvant-induced arthritic
rats. Inflammopharmacology, 21(3), 261-268. https://doi.org/10.1007/s10787-012-0159-z

Sarkar, S. I., K., Hasan, M., & Hossain, 1. (2016). Present status of naturally occurring seaweed flora and
their utilization in Bangladesh. Research in Agriculture, Livestock and Fisheries, 3(1), 203-
216. https://doi.org/10.3329/ralf.v3i1.27879

Sarkar, S. |, K., Hasan, M., & Hossain, I. (2016). Present status of naturally occurring seaweed flora and
their utilization in Bangladesh. Research in Agriculture, Livestock and Fisheries, 3(1), 203-
216. https://doi.org/10.3329/ralf.v3i1.27879

Sathivel, A., Raghavendran, H. R. B., Srinivasan, P., & Devaki, T. (2008). Anti-peroxidative and anti-

hyperlipidemic nature of Ulva lactuca crude polysaccharide on d-Galactosamine induced hepatitis in
rats. Food and Chemical Toxicology, 46(10), 3262-3267. https://doi.org/10.1016/.fct.2008.07.016

Sato Y. [Structure and Function of a Novel Class of High Mannose-binding Proteins with Anti-viral or
Anti-tumor Activity]. Yakugaku Zasshi. 2015;135(11):1281-9. Japanese. doi: 10.1248/yakushi.15-00217.

Seaweeds; distribution, production and uses.2020. http://marineagronomy.org/node/649

Sekar, S., Chandramohan, M. Phycobiliproteins as a commodity: trends in applied research, patents and
commercialization. J Appl Phycol 20, 113-136 (2008). https://doi.org/10.1007/s10811-007-9188-1
Sellimi, S., Maalej, H., Moalla, D., Benslima, A., Ksouda, G., Hamdi, M., Sahnoun, Z., Hsu, S., Nasri, M.,

& Hajji, M. A. (2018). Antioxidant, antibacterial and in vivo wound healing properties of laminaran purified

from Cystoseira barbata seaweed. International Journal of Biological Macromolecules, 119, 633-
644. https://doi.org/10.1016/j.ijbiomac.2018.07.171

Shah, S. A., Hassan, S. A., Bungau, S., Si, Y., Xu, H., Rahman, M. H., Behl, T., Gitea, D., Pavel, F. M.,
Aron, R. a. C., Pasca, B., & Nemeth, S. (2020). Chemically Diverse and Biologically Active Secondary

130


https://doi.org/10.1007/s10787-012-0159-z
https://doi.org/10.3329/ralf.v3i1.27879
https://doi.org/10.3329/ralf.v3i1.27879
https://doi.org/10.1016/j.fct.2008.07.016
http://marineagronomy.org/node/649
https://doi.org/10.1007/s10811-007-9188-1
https://doi.org/10.1016/j.ijbiomac.2018.07.171

Metabolites from Marine Phylum chlorophyta. Marine Drugs, 18(10),
493. https://doi.org/10.3390/md18100493

Shimazu, T., Kuriyama, S., Hozawa, A., Ohmori, K., Sato, Y., Nakaya, N., Nishino, Y., Tsubono, Y., &
Tsuji, 1. (2007). Dietary patterns and cardiovascular disease mortality in Japan: a prospective cohort
study. International Journal of Epidemiology, 36(3), 600—609. https://doi.org/10.1093/ije/dym005

Siahaan, E. A., Pangestuti, R., & Kim, S. (2018). Seaweeds: Valuable Ingredients for the Pharmaceutical
Industries. Springer EBooks, 49-95. https://doi.org/10.1007/978-3-319-69075-9 2

Siddiqui, A.A., Kashem, M.A., & Islam, M.A. (2019). Commercially important seaweed cultivation and its
potentials for the coastal areas of Cox's Bazar, Bangladesh.

Silva, A. F., Da Silva, S. M., Carpena, M., Garcia-Oliveira, P., Simal-Gandara, J., Morais, S., & Prieto, M.
A. (2020). Macroalgae as a Source of Valuable Antimicrobial Compounds: Extraction and
Applications. Antibiotics, 9(10), 642. https://doi.org/10.3390/antibiotics9100642

Silva, A. F., Da Silva, S. M., Carpena, M., Garcia-Oliveira, P., Simal-Gandara, J., Morais, S., & Prieto, M.
A. (2020b). Macroalgae as a Source of Valuable Antimicrobial Compounds: Extraction and
Applications. Antibiotics, 9(10), 642. https://doi.org/10.3390/antibiotics9100642

Smith, V., Desbois, A. P., & Dyrynda, E. A. (2010). Conventional and Unconventional Antimicrobials from
Fish, Marine Invertebrates and Micro-algae. Marine Drugs, 8(4), 1213-
1262. https://doi.org/10.3390/md8041213

Smyrniotopoulos V, Merten C, Kaiser M, Tasdemir D. Bifurcatriol, a New Antiprotozoal Acyclic Diterpene
from the Brown Alga Bifurcaria bifurcata. Mar Drugs. 2017 Aug 2;15(8):245. doi: 10.3390/md1508
Smyrniotopoulos V, Vagias C, Rahman MM, Gibbons S, Roussis V. Brominated diterpenes with
antibacterial activity from the red alga Sphaerococcus coronopifolius. J Nat Prod. 2008 Aug;71(8):1386-
92. doi: 10.1021/np8001817.

Smyrniotopoulos V, Vagias C, Rahman MM, Gibbons S, Roussis V. Structure and antibacterial activity of
brominated diterpenes from the red alga Sphaerococcus coronopifolius. Chem Biodivers. 2010
Jan;7(1):186-95. doi: 10.1002/chdv.200800309.

Soares DC, Szlachta MM, Teixeira VL, Soares AR, Saraiva EM. The Brown Alga Stypopodium zonale
(Dictyotaceae): A Potential Source of Anti-Leishmania Drugs. Mar Drugs. 2016 Sep 8;14(9):163. doi:
10.3390/md14090163.

Soares, D. C., Calegari-Silva, T. C., Lopes, U. G., Teixeira, V. L., De Palmer Paixdo, I. C. N., Cirne-Santos,
C. C., Bou-Habib, D. C., & Saraiva, E. M. (2012). Dolabelladienetriol, a Compound from Dictyota pfaffii
Algae, Inhibits the Infection by Leishmania amazonensis. PLOS Neglected Tropical Diseases, 6(9),
e1787. https://doi.org/10.1371/journal.pntd.0001787

131


https://doi.org/10.3390/md18100493
https://doi.org/10.1093/ije/dym005
https://doi.org/10.1007/978-3-319-69075-9_2
https://doi.org/10.3390/antibiotics9100642
https://doi.org/10.3390/antibiotics9100642
https://doi.org/10.1371/journal.pntd.0001787

Sobuj, M. K. A, Islam, A., Haque, M. M., Islam, M. M., Alam, J., & Rafiquzzaman, S. (2021). Evaluation
of bioactive chemical composition, phenolic, and antioxidant profiling of different crude extracts of
Sargassum coriifolium and Hypnea pannosa seaweeds. Journal of Food Measurement and
Characterization, 15(2), 1653-1665. https://doi.org/10.1007/s11694-020-00758-w

Sobuj, M. K. A, Islam, A., Islam, M. S., Islam, M. M., Bai, S. C., & Rafiquzzaman, S. (2021). Effect of
solvents on bioactive compounds and antioxidant activity of Padina tetrastromatica and Gracilaria

tenuistipitata seaweeds collected from Bangladesh. Scientific
Reports, 11(1). https://doi.org/10.1038/s41598-021-98461-3

Sokolova, E. V., Bogdanovich, L., lvanova, T. B., Byankina, A. O., Kryzhanovskii, S. A., & Yermak, |. M.
(2014). Effect of carrageenan food supplement on patients with cardiovascular disease results in

normalization  of  lipid profile and moderate  modulation of  immunity  system
markers. PharmaNutrition, 2(2), 33-37. https://doi.org/10.1016/j.phanu.2014.02.001

Souto, A. L., Tavares, J. F., Da Silva, M. C., De Fatima Formiga Melo Diniz, M., De Athayde-Filho, P. F.,
& Filho, J. F. (2011). Anti-Inflammatory Activity of Alkaloids: An Update from 2000 to
2010. Molecules, 16(10), 8515-8534. https://doi.org/10.3390/molecules16108515

Stengel, D. B., Connan, S., & Popper, Z. A. (2011). Algal chemodiversity and bioactivity: Sources of
natural variability and implications for commercial application. Biotechnology Advances, 29(5), 483—
501. https://doi.org/10.1016/j.biotechadv.2011.05.016

Suetsuna, K., Keisei, M., & Chen, J. (2004). Antihypertensive effects of Undaria pinnatifida (wakame)
peptide on blood pressure in spontaneously hypertensive rats. Journal of Nutritional Biochemistry, 15(5),
267-272. https://doi.org/10.1016/j.jnutbio.2003.11.004

Suetsuna, Kunio & Maekawa, Keisei & Chen, Jiun. (2004). Antihypertensive effects of Undaria pinnatifida
(wakame) peptide on blood pressure in spontaneously hypertensive rats. The Journal of nutritional
biochemistry. 15. 267-72. 10.1016/j.jnutbio.2003.11.004.

Sun S, Xu X, Sun X, Zhang X, Chen X, Xu N. Preparation and Identification of ACE Inhibitory Peptides
from the Marine Macroalga Ulva intestinalis. Mar Drugs. 2019 Mar 19;17(3):179. doi:
10.3390/md17030179. PMID: 30893907;

Sun, Y., Wang, H., Ganlin, G., Pu, Y., Yan, B.,, & Wang, C. (2016). Isolation, purification, and
identification of antialgal substances in green alga Ulva prolifera for antialgal activity against the common
harmful red tide microalgae. Environmental Science and Pollution Research, 23(2), 1449-
1459. https://doi.org/10.1007/s11356-015-5377-7

Sun, Z., Li, T., Zhou, Z., & Jiang, Y. (2015). Microalgae as a Source of Lutein: Chemistry, Biosynthesis,
and Carotenogenesis. Springer EBooks, 37-58. https://doi.org/10.1007/10 2015 331

132


https://doi.org/10.1007/s11694-020-00758-w
https://doi.org/10.1038/s41598-021-98461-3
https://doi.org/10.1016/j.phanu.2014.02.001
https://doi.org/10.3390/molecules16108515
https://doi.org/10.1016/j.biotechadv.2011.05.016
https://doi.org/10.1016/j.jnutbio.2003.11.004
https://doi.org/10.1007/s11356-015-5377-7
https://doi.org/10.1007/10_2015_331

Talukdar, Jayanta and Dasgupta, Santanu and Nagle, Vinod and Bhadra, Bhaskar, COVID-19: Potential of
Microalgae Derived Natural Astaxanthin As Adjunctive Supplement in Alleviating Cytokine Storm (April
18, 2020). Available at
SSRN: https://ssrn.com/abstract=3579738 or http://dx.doi.org/10.2139/ssrn.3579738

Thanh Le T, Andreadakis Z, Kumar A, Gdmez Roman R, Tollefsen S, Saville M, Mayhew S. The COVID-
19 vaccine development landscape. Nat Rev Drug Discov. 2020 May;19(5):305-306. doi: 10.1038/d41573-
020-00073-5.

Vairappan CS, Kawamoto T, Miwa H, Suzuki M. Potent antibacterial activity of halogenated compounds
against antibiotic-resistant bacteria. Planta Med. 2004 Nov;70(11):1087-90. doi: 10.1055/s-2004-832653.
Vairappan CS. Potent antibacterial activity of halogenated metabolites from Malaysian red algae, Laurencia
majuscula (Rhodomelaceae, Ceramiales). Biomol Eng. 2003 Jul;20(4-6):255-9. doi: 10.1016/s1389-
0344(03)00067-4.

Veiga-Santos P, Pelizzaro-Rocha KJ, Santos AO, Ueda-Nakamura T, Dias Filho BP, Silva SO, Sudatti DB,
Bianco EM, Pereira RC, Nakamura CV. In vitro anti-trypanosomal activity of elatol isolated from red
seaweed Laurencia dendroidea. Parasitology. 2010 Sep;137(11):1661-70. doi:
10.1017/S003118201000034X.

Venkatesan J, Kim SK, Shim MS. Antimicrobial, Antioxidant, and Anticancer Activities of Biosynthesized
Silver Nanoparticles Using Marine Algae Ecklonia cava. Nanomaterials (Basel). 2016 Dec 6;6(12):235.
doi: 10.3390/nan06120235. PMID: 28335363; PMCID: PMC5302724.

Villanueva, M. T. O., Morcillo, M., Tenorio, M. C., Mateos-Aparicio, I., Andrés, V., & Redondo-Cuenca,
A. (2014). Health-promoting effects in the gut and influence on lipid metabolism of Himanthalia elongata
and Gigartina pistillata in hypercholesterolaemic Wistar rats. European Food Research and
Technology, 238(3), 409-416. https://doi.org/10.1007/s00217-013-2116-5

Vischer P, Buddecke E. Different action of heparin and fucoidan on arterial smooth muscle cell proliferation
and thrombospondin and fibronectin metabolism. Eur J Cell Biol. 1991 Dec;56(2):407-14. PMID: 1802722.
Waéchter GA, Franzblau SG, Montenegro G, Hoffmann JJ, Maiese WM, Timmermann BN. Inhibition of
Mycobacterium tuberculosis growth by saringosterol from Lessonia nigrescens. J Nat Prod. 2001
Nov;64(11):1463-4. doi: 10.1021/np010101q.

Wang W, Wang SX, Guan HS. The antiviral activities and mechanisms of marine polysaccharides: an
overview. Mar Drugs. 2012 Dec 12;10(12):2795-816. doi: 10.3390/md10122795

Wang W, Zhang P, Hao C, Zhang XE, Cui ZQ, Guan HS. In vitro inhibitory effect of carrageenan
oligosaccharide on influenza A HIN1 virus. Antiviral Res. 2011 Nov;92(2):237-46. doi:
10.1016/j.antiviral.2011.08.010.

133


https://ssrn.com/abstract=3579738
https://dx.doi.org/10.2139/ssrn.3579738

Wang, H., Li, Y. Shen, W., Rui, W., Ma, X., & Cen, Y. (2007). Antiviral activity of a
sulfoquinovosyldiacylglycerol (SQDG) compound isolated from the green alga Caulerpa
racemosa. Botanica Marina, 50(3), 185-190. https://doi.org/10.1515/bot.2007.022

Wang, L., Wang, X., Wu, H., & Liu, R. (2014). Overview on Biological Activities and Molecular
Characteristics of Sulfated Polysaccharides from Marine Green Algae in Recent Years. Marine
Drugs, 12(9), 4984-5020. https://doi.org/10.3390/md12094984

Wang, R., Paul, V. J., & Luesch, H. (2013). Seaweed extracts and unsaturated fatty acid constituents from
the green alga Ulva lactuca as activators of the cytoprotective Nrf2—ARE pathway. Free Radical Biology
and Medicine, 57, 141-153. https://doi.org/10.1016/j.freeradbiomed.2012.12.019

Wang, W., Wang, S., & Guan, H. (2012). The Antiviral Activities and Mechanisms of Marine
Polysaccharides: An Overview. Marine Drugs, 10(12), 2795-2816. https://doi.org/10.3390/md10122795

Wang, W., Wu, J., Zhang, X. et al. Inhibition of Influenza A Virus Infection by Fucoidan Targeting Viral
Neuraminidase and Cellular EGFR Pathway. Sci Rep 7, 40760 (2017). https://doi.org/10.1038/srep40760
Wang, Z., Ullrich, N., Joo, S., Waffenschmidt, S., & Goodenough, U. (2009). Algal Lipid Bodies: Stress
Induction, Purification, and Biochemical Characterization in Wild-Type and Starchless Chlamydomonas
reinhardtii. Eukaryotic Cell, 8(12), 1856-1868. https://doi.org/10.1128/ec.00272-09

Waterman P.G, Mole S, 1994
https://books.google.com.bd/books/about/Analysis_of_Phenolic_Plant_Metabolites.html?id=0JNSQgAA
CAAJ&redir_esc=y  Waterman, P. G., & Mole, S. (1994). Analysis of Phenolic Plant
Metabolites. http://www.gbv.de/dms/bs/toc/151973350.pdf

Weidner-Wells, M. A., Altom, J., Fernandez, J. E., Fraga-Spano, S. A., Hilliard, J. J., Ohemeng, K. A., &
Barrett, J. W. (1998). DNA gyrase inhibitory activity of ellagic acid derivatives. Bioorganic & Medicinal
Chemistry Letters, 8(1), 97-100. https://doi.org/10.1016/s0960-894x(97)10197-4

WHO report on cancer, Noncommunicable diseases. (2020). WHO report on cancer: setting priorities,
investing wisely and providing care for
all. www.who.int. https://www.who.int/publications/i/item/9789240001299

WHO, 2022, world malaria report, https://www.who.int/teams/global-malaria-programme/reports/world-

malaria-report-2022

WHO, 2023 https://www.who.int/news-room/guestions-and-answers/item/neglected-tropical-diseases

WHO, 2023, World Malaria Day. https://www.who.int/westernpacific/news-

room/events/detail/2023/04/25/western-pacific-events/world-malaria-day-
2023#:~:text=World%20Malaria%20Day%202023%20will,invest%2C%20innovate%2C%20implement
%E2%80%9D.

134


https://doi.org/10.3390/md12094984
https://doi.org/10.1016/j.freeradbiomed.2012.12.019
https://doi.org/10.3390/md10122795
https://doi.org/10.1038/srep40760
https://doi.org/10.1128/ec.00272-09
https://books.google.com.bd/books/about/Analysis_of_Phenolic_Plant_Metabolites.html?id=oJNsQgAACAAJ&redir_esc=y
https://books.google.com.bd/books/about/Analysis_of_Phenolic_Plant_Metabolites.html?id=oJNsQgAACAAJ&redir_esc=y
https://doi.org/10.1016/s0960-894x(97)10197-4
https://www.who.int/publications/i/item/9789240001299
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2022
https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2022
https://www.who.int/news-room/questions-and-answers/item/neglected-tropical-diseases
https://www.who.int/westernpacific/news-room/events/detail/2023/04/25/western-pacific-events/world-malaria-day-2023#:~:text=World%20Malaria%20Day%202023%20will,invest%2C%20innovate%2C%20implement%E2%80%9D
https://www.who.int/westernpacific/news-room/events/detail/2023/04/25/western-pacific-events/world-malaria-day-2023#:~:text=World%20Malaria%20Day%202023%20will,invest%2C%20innovate%2C%20implement%E2%80%9D
https://www.who.int/westernpacific/news-room/events/detail/2023/04/25/western-pacific-events/world-malaria-day-2023#:~:text=World%20Malaria%20Day%202023%20will,invest%2C%20innovate%2C%20implement%E2%80%9D
https://www.who.int/westernpacific/news-room/events/detail/2023/04/25/western-pacific-events/world-malaria-day-2023#:~:text=World%20Malaria%20Day%202023%20will,invest%2C%20innovate%2C%20implement%E2%80%9D

Wijesekara, |., Pangestuti, R., & Kim, S. (2011). Biological activities and potential health benefits of
sulfated polysaccharides derived from marine algae. Carbohydrate Polymers, 84(1), 14—
21. https://doi.org/10.1016/j.carbpol.2010.10.062

Williams PG, Yoshida WY, Moore RE, Paul VJ. Tasipeptins A and B: new cytotoxic depsipeptides from
the marine cyanobacterium Symploca sp. J Nat Prod. 2003 May;66(5):620-4. doi: 10.1021/np020582t.
PMID: 12762794.

World Health Organization: WHO. (2022). Cancer. www.who.int. https://www.who.int/news-room/fact-
sheets/detail/cancer

Wu, L., Wang, W., Zhang, X., Zhao, X., & Yu, G. (2016). Anti-HBV activity and mechanism of marine-
derived  polyguluronate  sulfate  (PGS) in  vitro. Carbohydrate  Polymers, 143,  139-
148. https://doi.org/10.1016/j.carbpol.2016.01.065

Yang TH, Yao HT, Chiang MT. Red algae (Gelidium amansii) hot-water extract ameliorates lipid
metabolism in hamsters fed a high-fat diet. J Food Drug Anal. 2017 Oct;25(4):931-938. doi:
10.1016/j.jfda.2016.12.008. Epub 2017 Feb 14. PMID: 28987370; PMCID: PMC9328878.

Yang, P., Liu, D., Liang, T., Li, J., Zhang, H., Liu, A., Li, H., & Shuichun, M. (2015). Bioactive constituents
from the green alga Caulerpa racemosa. Bioorganic & Medicinal Chemistry, 23(1), 38—
45, https://doi.org/10.1016/j.bmc.2014.11.031

Yeh, T. S., Hung, N. H., & Lin, T. C. (2014). Analysis of iodine content in seaweed by GC-ECD and
estimation of iodine intake. Journal of Food and Drug Analysis, 22(2), 189-
196. https://doi.org/10.1016/j.jfda.2014.01.014

Yermak, .M., Barabanova, A. O., Sokolova, E. V.(2014). Structural features and biological activity of
carrageenans- sulfated polysaccharides of red algae of the far eastern seas

Yogarajalakshmi P, Venugopal Poonguzhali T, Ganesan R, Karthi S, Senthil-Nathan S, Krutmuang P,
Radhakrishnan N, Mohammad F, Kim TJ, Vasantha-Srinivasan P. Toxicological screening of marine red
algae Champia parvula (C. Agardh) against the dengue mosquito vector Aedes aegypti (Linn.) and its non-
toxicity against three beneficial aquatic predators. Aquat Toxicol. 2020 May;222:105474. doi:
10.1016/j.aquatox.2020.105474. Epub 2020 Mar 19. PMID: 32259658

Yoshie, Y., Wang, W., Petillo, D., & Suzuki, T. (2000). Distribution of catechins in Japanese
seaweeds. Fisheries Science, 66(5), 998-1000. https://doi.org/10.1046/].1444-2906.2000.00160.x

Yuan YV, Carrington MF, Walsh NA. Extracts from dulse (Palmaria palmata) are effective antioxidants
and inhibitors of cell proliferation in vitro. Food Chem Toxicol. 2005 Jul;43(7):1073-81. doi:
10.1016/j.fct.2005.02.012. PMID: 15833383.

135


https://doi.org/10.1016/j.carbpol.2010.10.062
https://doi.org/10.1016/j.bmc.2014.11.031
https://doi.org/10.1016/j.jfda.2014.01.014
https://doi.org/10.1046/j.1444-2906.2000.00160.x

Zbakh, H., Zubia, E., De Los Reyes, C., Calderon-Montafio, J. M., & Motilva, V. (2020). Anticancer
Activities of Meroterpenoids Isolated from the Brown Alga Cystoseira usheoides against the Human Colon
Cancer Cells HT-29. Foods, 9(3), 300.

Zhang Z, Teruya K, Eto H, Shirahata S. Induction of apoptosis by low-molecular-weight fucoidan through
calcium- and caspase-dependent mitochondrial pathways in MDA-MB-231 breast cancer cells. Biosci
Biotechnol Biochem. 2013;77(2):235-42. doi: 10.1271/bbb.120631. Epub 2013 Feb 7. PMID: 23391903.
Zhang, J., Sun, Z., Sun, P., Chen, T., & Chen, F. (2014b). Microalgal carotenoids: beneficial effects and
potential in human health. Food & Function, 5(3), 413. https://doi.org/10.1039/c3fo60607d

Zheng, J., Tian, X., Zhang, W., Zheng, P., Fangfang, H., Ding, G., & Yang, Z. (2019). Protective Effects
of Fucoxanthin against Alcoholic Liver Injury by Activation of Nrf2-Mediated Antioxidant Defense and
Inhibition of TLR4-Mediated Inflammation. Marine Drugs, 17(10),
552. https://doi.org/10.3390/md17100552

Zhou, G., Sun, Y., Xin, H. C,, Zhang, Y., Li, Z., & Xu, Z. (2004). In vivo antitumor and immunomodulation
activities of different molecular weight lambda-carrageenans from Chondrus ocellatus. Pharmacological
Research, 50(1), 47-53. https://doi.org/10.1016/].phrs.2003.12.002

136


https://doi.org/10.1039/c3fo60607d
https://doi.org/10.3390/md17100552
https://doi.org/10.1016/j.phrs.2003.12.002

