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Abstract

Brown algae consists of Fucoidan, a sulphated polysaccharide as its main constituents
especially in its extracellular matrix. It has various biological activities, like
immunomodulatory, anti- tumour, anti-inflammatory, anti-coagulant, etc. Prescribed methods
based on the reference articles were followed for Extraction followed by Purification of
Fucoidan from Turbinaria ornate. This study is to determine the anti-inflammatory potency of
the isolated fucoidan from the selected brown seaweed, after proper purification and
characterization using IR, NMR and GC-MS collected from Mandabam area, Ramanathapuram
District and compared with that of the crude powder of the same selected seaweed. The
results revealed that the isolated and purified Fucoidan has potential anti-inflammatory
activity than the crude T.ornate powder using protein denaturation method.
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1. INTRODUCTION:

Emergent substantiation implies that systemic
inflammation has probability of enhanced risk of
many chronic diseases [1,2]. Inflammatory
mechanism may include activation of macrophages
and T lymphocytes, the release of proinflammatory
mediators, like tumor necrosis factor- (TNF-) a, IL-6,

interleukin- (IL-) 1, prostaglandin E2 (PGE2) and nitric
oxide (NO), augment the inflammatory activity [3].
Innate immune responses get effectively promoted
because of the appropriate production of these
mediators; but still extreme inflammation leads to
sepsis, and even life threatening [4]. Brown seaweed
consists of a cell-wall matrix polysaccharide which is
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composed of ester sulfate and a-I-fucose and also
traces of d-Glc, d-GlcA, d-Gal, d-Man, d-Xyl, and
acetic acid [5]. The fucoidans structure differs among
various brown seaweed has influence on the
biological activity [6,7,8] because of their difference
in the linkage pattern, ester sulfate content,
monosaccharide moieties present and their
corresponding molecular weight [9].This is because
of the difference in ecophsiological parameters [7] It
is reported to possess various biological activity
including anti-coagulant [10], anti-viral [11,12], anti-
tumour [13], Immunostimulant [14], Anti-bacterial
[15], Anti-coagulant [16,17], Anti-inflammatory [18]
and Anti-oxidant properties [16] with the remarkable
absence of adverse effects. Copious effort in to
determine the structure of this sulfated
polysaccharide in the past few decades using IR, NMR
[19,20,21], Mass [20,22] was taken. However
adequate understanding about their binding ability
with the targeted proteins and its structure is
essential [23]. This study is to determine the anti-
inflammatory potency of the isolated fucoidan from
the selected brown seaweed, after proper
purification and characterization using IR, NMR and
GC-MS  collected from Mandabam area,
Ramanathapuram District.

2. MATERIALS AND METHODS:

2.1 Collection: collection of Turbinaria ornata was
done from intertidal regions of Mandabam area
(Ramanathapuram District) of the Gulf of Mannar,
Southern east coastal of India. This area is reported
to be the world’s richest regions from the marine
biodiversity perspective [24].

2.2 Chemicals: Acetone: Methanol (7:3, v/v),0.5M
HCl, Absolute Ethanol, 0.1M Sodium Phosphate
Buffer pH 7.2, Dialysis Tube, 0.2, 0.7 and 1.5M NacCl
solution and Calcium chloride.

2.3 Extraction of Fucoidan from Turbinaria ornata:
Seaweed biomass was thoroughly washed with
seawater to remove debris instantly and then with
tap water and finally with distilled water. Shade dried
and grind into pieces of 1 mm. Algal powder
approximately 100 g was weighed and drenched in
the solvent system of Acetone-Methanol at the ratio
of 7:3, v/v for around 2 days at 200 rpm in orbital
shaker. The above said soaking procedure was
continual twofold to make sure the whole
discolouration and defatting of waterless biomass
which was shade dried and powdered. It is then
extracted in 0.5 M of HCI, 1 L with stirring rate at 200
rpm constantly at 90°C water bath for about 4 h. The
pellet was re-extracted as above and the
supernatants were pooled. The supernatant was
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precipitated with 1:1 volume of 4% CaCl.for alginate
removal at 4°C for overnight. The compiled
supernatant solutions was precipitated using two
volume of absolute ethanol at the ratio of 1:2 (v:v)
after keeping it at overnight at 42C. The collected
precipitate was made to dissolve in aqueous medium
and dialysed using MW CO 14,000 membrane for 2
days at 429C. It is then freeze dried and stored in air
tight container.

2.4 Purification of Fucoidan: The purification of the
freeze dried crude polysaccharides was done by
dissolving in 0.1 M of pH 7.2 sodium phosphate
buffer and filled to Q-Sepharose fast flow column
with the dimensions of 4x25 cm. Using 0.1 N Sodium
Phosphate buffer stepwise elution was done with
0.2, 0.7, and1.5 M sodium chloride solutions and the
flow rate is fixed to 60 mL/h. The eluent was
collected in various tubes each with 5 ml was
examined for carbohydrate content using the
standard, Fucose. Hence the final product,
Carbohydrates thus obtained with various fractions
of polysaccharide was assayed using the procedure
reported in the article [25]. Using water, it is dialyzed
and then lyophilized for future study.

2.5 Chemical analysis: To estimate fucose content,
the standard Phenol-Sulphuric acid method [25] was
used. L-Fucose as standard and Similarly for
estimating Sulphate content [26] using Sodium
sulfate as standard.

2.6 Fourier Transform Infrared Spectroscopy (FTIR):
FTIR spectrophotometer (Thermo Scientific Nicolet
IS10, USA) in ATR mode was used to measure FTIR
spectra of the isolated Sulphated polysaccharide. The
resolution was of 4 cm-1 and the range of
wavelength is 800-4000 cm-1 wave numbers.

2.7 NMR analysis: The number of protons present in
the isolated compound was predicted by 1H NMR
experiments [27] using NMR spectrometer Bruker
Biospin Advance 400. The Isolated and purified
sulphated polysaccharide was liquefied with 0.5 ml
Deuterium oxide. The 1H frequency was maintained
to ma% 400.13 MHz at 298 K with a broad band of 5-
mm the equipment has inverse probe head shielded
with z-gradient and XWINNMR software version 3.5.
Internal reference used was TMS. One-dimensional
1H spectra were acquired was by one pulse
sequence.

2.8 Analysis of monosaccharide compositions. 10 mg
of the |Isolated sulfated polysaccharide was
accurately weighed and dissolved using of
trifluoroacetic acid, 2mol/l. It is kept aside at 100°C
for 12 hours so that the polysaccharides were
entirely hydrolyzed into monosaccharides. After the
completion of the hydrolysis, co-distillation with
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methanol was done to eliminate excess acid. Sugar
moieties are converted into alditol acetates by
treating 2ml of pyridine and 1.5 ml of acetic
anhydride. Using Gas Chromatography
equipmencolumn of t with SE-54 fused silica capillary
(320 um x 50 m) (HP6890; Agilent Technologies Co.
Ltd., USA) armed with Fl detector Gas
Chromatography was carried out. The operation
condition includes: 200ml/min- air, 1.5 ml/min - N2
and H2 each, 250°C - Injection temperature and
Detector temperature each; 212°C Column
temperature. Monosaccharide identification was
done using reference standards of Xylose, Galactose,
Mannose and Glucose [28].

2.9 Protein Denaturation Method: In the present
study the protein denaturation bioassay [29] is the
in-vitro method chosen to assess anti-inflammatory
potency of the crude Turbinaria ornata seaweed and
Isolated Sulphated polysaccharide. Tissue protein
denaturation is the major cause of inflammation and
Arthritis. Denaturation leads to Auto Antigen
Production in few inflammatory condition in-vivo.
Thus the compounds require to Agents that can
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hinder such protein denaturation is utilitarian for the
ant-inflammatory drug development. 0.5 ml of the
test solution consists of 0.45 ml of Bovine Serum
Albumin (5% w/v aqueous solution) and 0.05 ml of
test solution. Similarly, 0.5ml Test control solution
with Bovine serum albumin 0.45 % consisting of 5%
w/v aqueous solution and distilled water 0.05 ml.
0.5ml of product control is made up of distilled water
0.45ml and test solution 0.05ml. The standard
solution was prepared with a mixture of Bovine
serum albumin 0.45 ml which is 5% w/v aqueous
solution and Diclofenac sodium 0.05 ml, a standard
drug. The test solution of the algal extracts was
prepared with the following concentrations viz.,
50,100,250,500,1000,2000 in pg/ml and compared
with that of the same concentrations of standard
solution using Diclofenac Sodium. Finally, the entire
solutions together were subjected to incubation at
379C for 3 mins. To the above solution 2.5 ml of
phosphate buffer was added and cooled. Using UV —
Visible spectrometer at 416 nm the absorbance was
measured considering the control as 100% protein
denaturation.

The following formula was used to calculate the percentage inhibition of protein denaturation

[100 - (Optical density of test solution — optical density of product control)]

Percentage inhibition =

(Optical density of test control)

3. RESULTS AND DISCUSSION:

The practical yield of extracted fucoidan from T.
ornate was 5.18 + 0.52 %. The obtained fucoidan,
composed of 60.9 + 0.14 % fucose and 25.4+ 0.38 %
sulfate. IR analysis: In the study IR spectrum was
mentioned as Fig 1. The IR band at 2930 cm
indicates the presence of C-H Stretching of C-6 group
of Galactose and Fucose unit and of pyranose ring. C-
O-S bending vibration of sulfate substituent present
in the axial C-4 position was confirmed because of
the presence of band at 836 cm™. The stronger band
in the region of 1259-1051 cm ! was due to C-C and
C-0 stretching vibrations of pyramid ring as well as C-
O-C stretches of the glycosidic bonds. The presence
of asymmetric O=S=0 stretching of sulfate esters
with C-O-H, C-C and C-O vibrations are because of the
band present at 1259 cm™. The three bands
appeared in the region between 3600-1600cm™t, with
a broad band centered at 3454 cm™ was consigned
to Hydrogen bonded O-H stretching vibrations. NMR
analysis: In the present study *H NMR spectrum was
shown in Fig 2a-2c. The signal noted at 1.55 ppn
shown the existence of alkyl proton in which Sulfonyl
is attached. Signals between the region of 3.45 to

4.76 ppm entrusted to methoxy attached proton at
H-4 position. The sharp absorptions in the 'H NMR
corresponds to the presence of (1-6)- B- D- linked
Galacton at the ppm of 4.48 for H-1, 3.78 for H-5,
3.69 for H-3, 4.08/3.72 for H-6/H-6' and 4.08 for H-4.
The !H adsorption at ppm of 5.55, 5.33,5.26
corresponds to the presence of a- L- fucose terminal,
3-linked a- L-fucose and 3,4 distributions of a — L-
fucose. Thus proposing the presence of 3 sulfated 4
linked and 4 sulfated 3-linked a-L- fucose.

By the same token the H spectrum signals in terms
of ppm at 5.20 is for H-1, 3.78 for H-2, 3.72 for H-3,
3.72 for H-4 and 1.19 for H-6 (Fig. 2). GC-MS analysis:
The GC-MS analysis of the isolated and purified
Fucoidan from the selected seaweed T. ornate
signposted the presence of the monomers including
Galactose, Mannose penta acetate, Glucose methyl
glycoside tetra acetate, Diethyl (3,4,5-
trimethoxybenzoyl) malonate, D- Mannose, Xylose,
Z-E-2-Methyl-3,13-octadecadien-1-ol. The purified
fucoidan was examined by GC-MS and the results
disclosed the retention time of 16.08, 17.68, 19.17,
20.5, 9.87, 12.18 and 14.27 respectively. Fig 3a -3h.
explicates the GC-MS analysis of purified Fucoidan.
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Hence the 8 peaks along with their Retention times
were shown in fig 3i. Protein Denaturation Method:
The Crude powder of Turbinaria ornata and the
isolated and purified Fucoidan were subjected to
testing of its anti-inflammatory potency using
protein Denaturation method using Diclofenac
Sodium as standard. The purified Fucoidan exhibited
respectable activity with utmost inhibition of about
86.60 % and crude T.ornata was about 79.08 % when
paralled to standard Diclofenac Sodium at the same
concentration for which the percentage inhibition
was 98.3%. The results were presented in Tab 1 and
Fig 4.

4. CONCLUSION:

The forte of biological activity of fucoidan depends
on the fucoidan structure with various ratios of
fucose and ester sulphate contents from T. ornata
are now under investigation. The Current study
result discloses that the reason for the better anti-
inflammatory potency of the isolated fucoidan than
that of the crude powder consisting of many
constituents other than that of the fucoidan, may be
because of the sulphate content and also when the
fucoidan was isolated, the effect was enhanced
because of the antagonistic effects of some other
constituents in the crude. However, further detailed
examination is required. In conclusion, the isolated
fucoidan from T. ornata can be an option for anti-
inflammatory agent thereby to control inflammation.

Figure 1: FT-IR spectrum of Fucoidan from T.ornata.
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Figure: 2a NMR spectrum of Isolated Fucoidan
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Figure: 2b NMR spectrum of Isolated Fucoidan
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Figure: 2c NMR spectrum of Isolated Fucoidan
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Figure: 3a GC-MS analysis of purified fucoidan for Galactose monomer
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Figure: 3b GC-MS analysis of purified fucoidan for D mannose monomer
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Figure: 3d GC-MS analysis of purified fucoidan for Z-E-2-Methyl-3,13-octadecadien-1-ol.
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Figure: 3e GC-MS analysis of purified fucoidan for Galactose monomer
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Figure: 3f GC-MS analysis of purified fucoidan for Mannose penta acetate monomer
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Figure: 3g GC-MS analysis of purified fucoidan for Glucose methyl glycoside tetra acetate monomer
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Figure: 3h GC-MS analysis of purified fucoidan for Diethyl (3,4,5- trimethoxybenzoyl) malonate monomer
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Figure: 3i GC-MS spectra of purified fucoidan.
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Table: 1 Anti-inflammatory effect of Both Crude Turbinaria ornata powder and Isolated and Purified Fucoidan
by Protein Denaturation method

% INHIBITION

S.NO CONCENTRATION binari
: (ug/ml) DICLOFENAC SODIUM  UrPinariaornata — , .c i Fucoidan
Crude powder

1 31.2 94.1 34.26 53.2

2 62.5 94.3 40.28 61.3

3 125 98.10 57.23 68.6

4 250 98.64 61.66 73.8

5 500 98.27 70.14 80.1

6 1000 98.3 79.08 86.6
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