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Abstract

In this thesis a colorimetric heparin assay anduantitative NMR(gNMR)are usedfor fucoidan
guantification andcompared againsan establishedtolorimetric enzymatic-fucoseassayFor thel-
fucosecolorimetric assaythe assay procedure was followed described by the manufacturéihe
fucoidan quantification of théucoidan standard¥95 %)Sigma Aldrich/Merck, obtained froffucus
vesiculosuswasassuned to be 95% pure anthe weight isbased orthisfucoidanpurity. The heparin
colorimetric assayinitially a method for quantific&n of heparin in blood plasmaas adaptedrom
microplate UV-VISto cuvette UVAVIS by either quadrupling orquintupling the volumes in the
procedure.A high purity fucoidan standardx(95 %) (Sigma Aldrich/Merckobtained from Fucus
vesiculosuswas used to prepare a fucoidatandard curveand optimization of the standardization
conditions was performedlhe fucoidan content o& fine (OEWAD0289)and a crude (OEWAD0038)
fucoidansample, obtained fronhaminaria hyperboredlL. hyp) by Alginor, were determined using the
optimized heparin colssayForthe gNMR experimentscalciumformate wasselectedasa standard
mainly based on the expected lack of overlapping signals with tthesignals from the fucoidan
structure. The fucoidan standardxQ5%)(Sigma Aldrich/Merck) and théne and crudefucoidan

samples from Alginawere quantified with the gNMR method

The L-fucosecolorimetric assaygave a reasonable yield for the fucoidan stand®®&lq+0.17%)with

high accuracy and precisiptiose to the gNMR yield (98%).The feparincolorimetricassaygave high
accuracy irthe finefucoidan(OEWAD0289)sample(57.6+3.4%yanddecent precisionThe resultvas
almostidentical tothe result from thel-fucoseassay(57.1 £0.7%) and gNMR (58%).Theheparin
assaygave low accuracy and low precision when quantifying the crude fucoidan (€0BUR8)(46.5

+5.3%) compared to thefucose assay (28.7+0.40%) and gN{@R4%).

Forfucoidan quantification o€ruder solutionsvith more contaminantsit appears that the pecision
and accuracy of the heparin col. as$ajowered.The heparircol. assay has however proven to be a
direct and rapid method of quantifyingfucoidan samplesfrom L. hyp The establishedL-fucose
colorimetric assay appears to benefit from the fact that impurities in the fucoidan sasrgile
removed when hydrolyzing the fucoidaimto L-fucose monomersvith 1M HCIHydrolyzingfucoidan
samplesfor 48 hours a65°Cgiveshigh accuracy and precisidnut is time consumingTo overcome
this time-consumingstep, the temperaturecan beincreased,and time spent hydrolyzing can be
lowered, this will howeverlower precision and accuracyrhe gNMR methodappears tobe highly
accurate quantifyinducoidansamples of high purityand lessaffected bycontaminants in cruder
fucoidan samples compared tbe heparin assayAll three methods were proven to be capable of

quantifying fucoidan samples of different purity.
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Chapter X Introduction

1.1 Motivation

For the pastiecadeghere has been a growing interestutilizingavailable natural resources in a more
sustainable wayAmong the marine resources that are easily availsgg#aweeds are of greatterest

as a source of foqdfor pharmaceutical and industrial applicatiorand as fertilizer(seaweed.ige
16.01.2022 Buschmann2017. The major utilization of these plants is found in Asiahere most
species€.g.Kappaphycus alvarezii, E@tima, Saccharina japoniedc.) areharvestedfor food while
some species, such &ecilaria, are harvestedfor agar(McHugh, 2003)Seaweed farming in Asia has
been an alternative to fishing which provides improved economic conditions and 1gfis&sure on
fishing, which may be even more importantansustainable orienteduture. Harvesting or growing
industriatscalevolumes of seaweeds woufibtentially provide a sufficient, sustainable biomass to be

processed into anagnitude of products tlaugh biorefineriegBushmann, 2017)

One of thecommon seaweeds found in the northern hemisphere is the brown seawasidharia
hyperboregaL. hyp). Theseaweed has beemarvestedfor the alginate industryand hasa potential in
cultivation due taits high growth rateand havingno land competitionto terrestrial farming.UsingL.

hyp. only for alginateis wasteful as the seaweed contains other valuable polysacchasiaes as
laminarin and fucoidanTo make use of more of theeaweedthan just alginatea total utilization
method should be implementedThis would also be in line with Sustainable Development Goal 14
Life below waterespecially section 14.1; reduce marine pollution and 14.7; increase the economic
benefits fromsustainable use of marine resources (GoallddESA2022;Goal 14 Life below water
2022).

Roughly 5% df. hypconsists ofucoidan(Cawralho, 2018; AlginorFucoidarasnumerous properties
that arevaluable in food, pharmaceutics, and health produ@tse properties of fucoidan depends on
the mass weight of the polysaccharide chains and igghstilon degree (Kopplin, 2018Some of the
fucoidanis relatively similar to heparjm naturally occurrig glycosaminoglycaused in medication
Heparin is similar to fucoidahoth in structure and in propertiesuch asits anticoagulant effect
(Grauffel, 1989; Cumashi, 200Fucoidamight even replace heparin as an anticoagulant in treatment

of thrombosis with the benefit ofno risk ofhemorrhage side effedSoonkKi, 2012.

For industries taachieve total utilization oE. hyp, reliable and ckap quantificationmethodsof the
desired compoundsfrom the raw materialare needed. One way toquantify fucoidanis with a
commercially availabl®&egazymel-Fucose colorimetric assay(col. assay)The fucoidans ar¢hen
hydrolyzednto fucose unitavhichcan bequantifiedwith the col. assayhrough U\-VISspectroscopy

Thisisanexpensive antime-consumingnethod. In thismaster thesistwo approaches that arenore
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direct are examined:heparin col. assayand gNMR.Commercialized heparircol. assayhas to the
authors knowledge not before been ustxquantify fucoidas. The heparircol. assayakes advantage
of the anticoagulant properties of fucoidans and its similarities to hepaFime anticoagulant
properties are known to depend on traulphatecontent, and with a higlsulphatecontent fromL.
hyp. fucoidansthe heparincol. assaynay prove to be usable for quantification. Thgphategroups

are dyedwith cationicblue dyeandthe concentration is determinedith U\-VISspectroscopy

For the first timeknown to the authoy gNMRwill be used to quantify fucoidansThis is a well
recognized and widely applied analytical tool that has been applied for the quantification of
polysaccharides for the past two decadé® (Souza, 2017Suitable standards will be chosen to

guantify the G6 alpha proton and thenethyl group protons.

Finding reliable, accurate, fast, and cheap solutions to quantify fucoidan may prove challenging
because the structure is not yet determined and because ofrétatively viscous nature and
vulnerability to change if the pH is changé&tie purpose of tisthesis igo advance the knowledge of
guantification of polysaccharidefrom marine macroalgaevith the use ofrapid quantification
methods The thesis igpart of the FucoMed project by Alginor ASA dollaboration withthe
Department of Chemistry at theniversity of BergerfUiB). The project idinanced by the Research

Council of NorwayMonica JordheingUiB)is lead advisoand Georg Kopplin so-supervisor.

1.2Macroalgae

Today there are more than 16400 species of lgaethat have been identifiedabout 12 000 of them
being macroalgae (Guiry, 2012; Kulshreshtha, 202@|gaebaserg, accessed22.122021). The
macroalgaevary in size, formgigments,and functional compoundsTheycan beclassifiedaccording

to their ecology, habitat, size, pigmen{mlysaccharides, cell culturegpmposition,and morphology.
Macroalgaealsoknown asseaweedsare a polyphylét group of multicellular algathat consistsof
chlorophyceaégreen algaeyhodophyceadred algae) angghaeophyceaébrown algae)As the name
indicates, macroalgae are macroscopic in size, in contrary to microalgae which is microscopic in size,
often unicellular, and are best known by the blgeeen algae that sometimes bloom and contaminate
rivers and streams. Whilgsingularmicroabae are not visible to the naked eyenacroalgae are, and
some can grow to enormous lengths, such as the brown seaMeedocystis pyriferashown in figure

1, which can grow up to 48 long (North, 198). Usually thoughred, and greerseaweeds are small,
ranging from a few cm to aneter, while rown seaweeds are usually lag thicker leather-like

seaweedghat range from30-60 cmto 2-4 mlong(McHugh, 2003)
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Figurel: Macrocystis pyrifeaaka. gant kelp(Brauder,retrieved 28.01.2022)

Seaweeds are important marine bioresources around the world, being used in human consumption,
fertilizers, hydrocolloids extraction, animal feed additive, extracts for cosmetics and pharmaceuticals,
biofuels, and wastewater treatmetfiicHugh, 2003Rocha, 2018). Hydrocolloids such as alginate, agar
and carrageenan can be produced by red and brown seaweed and is used as thickening and gelling
agents A distribution ofsome ofthe seaweed useis shown in figure 2ZThough the interest for marine

algae is rising due to their bioactive natural substances with potential health benefits, they are still

identified as an underexplored resourdeangestuti, 2011Rajauria, 2017).

[ Human consumption

e Consumer Food Products
e Thickening Agents
e Clarifying Agents

[ All other uses

Fertilizers
Animal Feed
Pharmaceuticals
Cosmetics
Biofuel

Figure2: Seaweed global market share (Piconi, 2020)
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Seaweeds grow in the ocean as well as in rivers, lakes, and other water bodiesargltee main
contributor for production of oxygen through photosynthesis, as this process iscamigd out by
cyanobacteria, algae and plants found on land (Delwi26@7).Farming seaweenhaythus help lower

the amount of carbon dioxida the atmosphere.

There are about 2000 brown algae and most of them are marine. Brown algae are usuallynfound i
colder waters where they thrive in the intertidal and sublittoral zones of the oc€Kasco, last

accesse®1.12.2021). The brown algae around the world have been mapped out and can be seen in

figure 3.

Global dataset of marine forest species of brown macroalgae

@® Raw data @ Fine-tuned data

Figure3: A finetuned global distribution dataset of brown seaweed (Assis, 2020)

Traditional use of seaweed has been traced back to theliozentury in Japan and the sixth century
in China(McHugh 2003 Buschmann, 2017 However, when the nationals from these countries
migrated to other parts of the world and shared their culture, demand for consumable seaweed in

other countries increased steadily, especially in North America, South America, and Europe.

Seaweeds can beollected from the wild but is now increasingly cultivated. Seaweeds can have high
crop productivities per unit area, with growth rates up to half a meter per day in some spdeigae
macroalgae are autotrophic organisms that utilize dissolved carboriddi and nutrients €.g.,
dissolved inorganic nitrogen and phosphorus) in combination with light for growth and do not require
feed nor fertilizer (Stévant, 2017). Furthermore, the fact that macroalgal growth rates exceed those of

terrestrial plants, havesharpenedthe interest in cultivation of seaweed biomass (Brinkhuis, 1987),
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shownby a doubling ofhe globalgrowth of seaweedoroduction from2006to 2015 (Piconi, 202]
Coastal habitat and capacity for aguaculture both in the ocean and indaseld gstems means the
seaweed industry does not need to compete with terrestrial crops for diminishing land, fresh water,
or nutrient resources, making the commercialization of macroalgal product highly attractive (Lorbeer,
2013).

In 2016 the four countries ttonesia, South Korea, China, and Japan together stood for more than 90%
of the seaweed consumption worldwide with 1620 metric tons (MY). In 2018 China and Indonesia
together produced 86% of all consumable seaweeds. Indonesia was the leading exp2etEs ivith

a 58% market share. Today, more than 95% of the global consumable seaweed production is imported
from Asian countries even though most marine waters provide perfectly capable conditions for

growing seaweeds locally (Piconi, 2020).

Due to their &ze, macroalgae possess an increased ability to detoxify contaminants, because their large
surface area may provide an enlarged biosorption area for the toxic compounds. Macroalgae are
considered tohave a potential to becoma major feed stoclof renewable energy sources, such as
bioethanol, biodiesel, or biogas. This is because these algal cells conta¥4lpolysaccharides, a
higher quantity than found in terrestrial plants (Kraan, 2013). Using macroalgae as a renewagle ene
source might be a wastthough, since they often contairompounds that wouldikely be more

valuableas food pharmaceuticalcosmeticsaand industrial use.

Cultivation of kelp and macroalgae in Norway is in an early phase and the cultivation $caitemall.

The first concession for cultivation of algae was assigned in 2014. After five years this grew to 574
concessions distributed in 97 locations. In 2019, 16 companies cultivated 111 te@sabfarina
latissimaand alaria esculentaThese are awng the easier species to cultivate. The kelp is currently
being cultivated to be used as food, feed and to be manufactured in industries. Although cultivation is
in an early phase and the production is relatively low, there is a high interest and sactyed
involved(Nordhaug, 2020)

Including fjords and islands, the 1000 km Norwegian coastline provide a suitable habitat with
optimal growth conditions for brown seaweed (Ahmad, 20%teen, 201% They thrive in thdttoral

zone more specificallyupper sublittoral and intertidal zone# depths with sufficientight to drive
photosynthesisbut in clear waterthey can grow at depths around 3R0m (Hurd, 2014) Among the
brown algae specieascophyllum nodosumndLaminaria hyperborehavebeen harvested in Norway

for their industrial applications in pharmaceutical, cosmetics, agriculture, nutraceutical, and more
predominately- alginate production (McHugh, 2003; snl stortare, 2021). In production of alginate the

ocean is polluted duéo use of the toxic chemical formaldehyde and considerable algae biomass is

16



discarded as waste. A total utilization approach would be a more sustainable way of bioprocessing the
algae by preventing pollution of toxic chemic4l&/ekre, Kopplin and Jordheji2020)andwould also

be in line withthe SDQG; 14 as mentioned earlier.

1.2.1 Laminara hyperborea

Laminaria hyperbored.. hyp), also known asangle and cuvie, ia kelp in the Laminariaceae family
and is categorized dsown algaelt consists of doldfast astipe, and the laminate blade that is deeply
divided into linear segmentsghichare renewed every yedBteen, 2019)Thecoloris yellowishrown,

andthe older leaves are covered in epiphytés illustration of the macro algae is shown in figdre

The depthsof where Laminaria hyperboreais found mainly depends on light penetration and its
availability to the algae. It is usually found betweeB4metersdepth but has been found at depths
of 32m (Kain& Jones, 1976).

[ Eulittoral
/ zone
(rarely submerged)

/
J Upper sublittoral zone
(submerged except at low tides)

Mid sublittoral zone
(submerged except at extreme low tides)

f
|

A

O

Figure4: Laminaria
hyperborea (Mortensen, las
accessed 01.04.2022) Figure5: The littoral zones where seaweeds are known t¢Cmeison, 2013)

The seaweed is found along the coast of Ireland, Britain, France, and Norway. About 60 millian tons
hyp.grow along the Norwegian coastline. The seaweed is often found in dense foiastdall in the
sublittoral zone (McHugl2003) shown in figure 5Since it usually thrives in mid sublittoral zone, at
low tide it may break the water surface, as seen in figurn@orway it is mainly harvested to be
used in the alginate industry. Harvestingeieecutedby rotation every fith year, allowing the beds to

recover. This harvesting methdehd proven taemove all the adult kelp plants while small kelp plants
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were left undisturbed. With the improved light conditions, thegngrow to a height of at least tn
within 2-3 years. 15@00 tons ol. hypis harvested yearly in Norway (Steen, 2019; snl stortare, 2021;
fiskeridirektoratet, 2021).

Figure6: Laminaria hyperborea breaking the ocean surface at low tide (algaebase.org)

To extractvaluable compound&om Laminaria hyperboreanore research irxtraction optimization,
purification processes, and characterization and quantification of polypkést@quired. Polyphenols
are high molecular weight compounds withmerous health promoting activitiehat may reduce risk
of chronic diseases such as cardiovascular diseases, cascesll as protecting againdiabetes,

obesity,; YR | f 1 KSA ¥MeKiR dordReiz2@1P; #18te0s2020)

1.3 Polysaccharides/carbohydrated aminariahyperborea

ThoughL. hyp.is mainly usedn the alginate industry for its high yield of alginate, there are other
valuable polysaccharides present, nantly bioactive polysaccharidesalled fucoidarand laminani.

An overview of inL. hyp.compositionis shown in table 1The structures of the polysaccharides in
seaweed vary according to the season, age of population, species, and geographic location (Graham
2000. Laminarin and fucoidan are mostly interesting for their potential biological activities whereas

alginate is mostlysed as an ingredient in food.
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Tablel: Biochemical composition of crude extract obtained ftofmypusing hydothermal assisted extractioghhmad,2015)

Component Composition(dry weight extractimg/g])
Laminaan 3680U ¢ 8p
Fucoidan 171.2U m8y
Alginate 189.7U m8¢
Mannitol 85.3U0.2
Protein 150U m8uy
Dry matter 156U m8o
Ash 34U m8c¢
1.3.1 Alginat

Alginate is an anionic polysaccharide mainly found in brown alg&@made from two copolymers,
guluronic acid and mannuronic acideen in figure7. With traits such as higtstability, gelling
properties, anchighviscosity, alginate makes for anportant industrial polysaccharid@ngra,2021)
Alginate @an be used in textiled)ealthcare applicationdjsh food, printingand to make paintdye,
welding rods mold releasg¢Mollah, 2021;ArtMolds, last accessed 04.02.2022 NorwayLaminaria
digitata, and more recentlfaminaria hyperboreas beingharvestedfor alginate extraction. In recent
years howeverthe harvesting has halted in Canada and United Kingbenause of government
restrictions.Alginatealso has numerous applications in hlearmaceutical industrguch as stabilizing
agents, gelsand localized drug deliveryroday, alginate hydrogels are widely used for tissue drug

delivery éciencedirect alginate, last accessdi.05.2022).

a-L-guluronate (G) B-p-mannuronate (M)

M G G M M

Figure7: Components and structuied alginate (sciencedirectalginate, last accessed 04.05.2022)
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1.3.2 Laminaan

Unlike plants where the main storageti®e polymeric carbohydrate known asarch,seaweed like
Laminaria hyperboreatores laminaan (hence the naméaminarig) in the form of chainsThere are
two types of laminaan chains, M or G, which differ in their reducing ead seen in figur8. G chains
end with a glucose residue whereas M chains end with mannitol residaaxR2007)Laminaran is
composed of (1,3) -D-glucan with' (1,6) branchingNelson, 1974Rioux, 2007)

OH OH
. _OH

OH OH

MMannitol

OH
HO -_'i.f O
GLP.LDH

OH

Glucose

Figure8: The figure shows thievo types of laminaran chainsith either mannitol (A)or glucose (Battached

Thecomposition andstructurevaryaccording to algae species (Chizht898). Themolecular weight

of lamina@n is approximately §Da depending othe degree of branchingince the molecular weight

of laminararis lower than other polysaccharides present in seaweed, it can be separated using dialysis
with different molecular veight cutoff membranes (Kadam, 201#ljghly branchetiminarin is soluble

in cold water while lower levs of branchingnduce solubilityonly in warm waterfAhrazem& Leal,

2002) Laminaan is used irfood, but it is more interesting for its biologad activities It has been
reported to exhibitseveralbiologic activities such as astiflammatory, antiapoptotic, antitumor

antioxidant and anticoagulant activitiéBohn, 1995; Balboa, 2013argarzadeh, 2020

1.3.3 Fucoidan

Fucoidans are polysaccharides containing a substantial amouruobke andsulphateester groups
(Li, 2008) Fucoidans are constituents of brown seaweed aome marine invertebrates such as sea
urchins and sea cucumbeiEhe polysaccharidevere first isolated from brown algae by Kylin in 1913
(Kylin, 1913{.i, 2008. Because of its many bioactivitiesucoidan has numerous applications in the

health sector. The polysaccharidehave antioxidant, anticomplementary, blood lipids reducing,
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antitumor anticancer and antiviral properties, as well as-aired anticoagulant properties and activity
against hepatopathy, uropathy and renalpathy, gastric protectiffects and therapeutic potential in
surgery Bertau, 2003; Kusaykin, 2008; Li, 2008; Chen, 2Rbfplin, 2018)Fucoidan may have
applicatiors in anticoagulant drug, antithrombotic drugs or functional food and medicinal biological
materials withfew dde effects. Fucoidans may alserve as research reagents itovestigate and
distinguish among a variety of interrelated events, such as coagulation, ble¢ding)bosis,and
platelet aggregatiorfMourao, 2005Li, 2008. The antioxidant activity of fucoidan has been found to
be influenced by change in the extraction temperature of fucoidan as well asulp&atecontent
(Ardiana, 2020).Low molecular weight fucoidan has been found to be effective for its- anti
inflammatoty response, while middle and high molecular weight fucoidan has been found to be more
effective for its anticoagulant activity, which is related to the alteringuwphategroups by changing

Mw to control the binding properties (Hwang, 2016; Tsai, 2017).

The chemical structerand molecular weight of fucoidatiffer depending orthe species from which
it is extracted, growth environmenseason of harvesting and the method of extraction ugétton,
2015;Chollet, 2016)Fucoidans isolated froomost brown algae are branched arithve one of two
types of backbone, as seen in figi@éCumashi2007) Type | chainbasrepeating (Iho -linkedh -L-
fucopyranose residue whereas type Il chainsonsistof alternating (I133)- and (I't#)-linked h-L-

fucopyranoseresidues.

H3C ! H-C 1
3
f-OR ~Sor
H3C 1 H-C 1
3 o
. OR . OR
RO OR
H5C 1
WDR Hac§g1
03
RO/ at-CR
£ RO}"
| 3 11

Figure9: Two siggested general fucoidan structssgype | and type Ihased on findings from 9 different seaweed sources
(Cumashi, 2007)
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Fucoidars may contain other sugarthan fucose such azylose, arabinose, rhamnose, glucgse
galactose and uronic acid or even protein and acetyl groBpth molecular weight as well as the
varied percentage shared in sugar and fsugar components makes the analysis of fucoidan structure
difficult (Fitton, 2016; Cuma, 2016).

Isolating fucoidan is a challenging task, one that often results in degradation of the molecular weight
of the fucoidans. However, with size exclusion chromatography with +angtie light scattering (SEC
MALS), a molecular weight average 0946+1,9 kDa, and a molecular number average of 218,68
kDawere determined (Kopplin, 2018). This corresponds to a degree of polymerization (DP) of 720. The
DP is then calculated based of every monomer unit containing two fucose units, lsotpldite,

giving each monomer a molecular weight of roughly 625 Dah Bgte | and type Il fucoidan chain

types are then accommodated for.

The fucoidans fronk. hypare among the most highbulphatedfucoidans with a degree of qallation
at 1,7 (53,8% of théotal mass weight (Kopplin, 2018). In other words, each fucoidanose unit
consist of 1, Bulphategroups, meaning it is usuallysdiphated. Raman spectroscopy has determined

the sulphategroups to be located axial at 4C and equatorial 2C.

Fucoidarissimilar to heparin irstructure andts ability toinhibit thrombin activity It maythus be able

to replace heparin asanticoagulantsince heparin has an unfortunate high chance of causing
hemorrhaggGrauffel, 1989Cumashi, 2007 ompared to othesulphated polysaccharides, fucoidans
are highlyavailable fromcheap sourcesThus fucoidans havédseen gaining researchers attention

develop drugspharmaceuticscosmeticsandfunctional food.

The bioactivity of the fucoidan is mainly determined by the mass weight of the polysaccharide and the
subhation degregLi, 2008 Wang, 201® It hasalsobeen demonstrated that the anticoagulant effects

of the polysaccharidedepend predominantly on théegree of sydhation, to lesser extend on the
molecular weight, whereas branching and sugar composition showed no significant influence on
coagulation latsuraba, 2005Nazarenko, 2010)ucoidans havelarge variety ofjlycosidic linkages,
branching points, and their random distribution results irh@terogeneousstructure. A detailed
structural elucidation of fucoidan is a challenging task because of heterogeneity and nonrepeating
motifs (Kopplin, 2018)he primary sucturecannotbe determined due to lack of repeating units but,
with a coalescence of analytical techniquessemsible approximationf a hypothetical structure can

be given as seen in figur&O.
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FigurelO: Suggestedtructural fragment of 25 fucose residues applied as building blockdtdrszalestructural model
(DP =750, Rw = 37nm) of Fucoidan from Laminaria Hyperborea (Kopplin, 2019)

Raman spectrometry and mass spectrometry analysis has revealeduiphiategroups areusually
found at the @ position. Though, dulphatad structuresalso occur in some fucoidan alongsidd C

and G3 monasulphated fucose unit§Anastyuk, 2010; Synytsya, 20Bilan, 2013

Industriesthat aim tomake use of fucoidasfrom L. hypneeds to find suitablguantification method
to quantify the fucoidansPreferablythe methods can alsquantifydifferent DP fucoidas,considering
the change in properties whethe structural integrity is changeBecause ofariations inits structure,

molecularweight,and itssulphation degreethere arevariations infucoidansproperties

One way to quantify fucoidan is thydrolyzingthe sugar thus breaking up the fucoidan units into
fucose units Hydrolyzingalsohas the advantagef removing impurities in the proces3he fucose
units can be quantified with commercialized fucoss. assaywith high accuracgnd high precision
Thiscan, howeverpe time consumingand expensivaincehydrolyzationfor many hours is required

to fully break up thducoidans Additionally, filtration and pH neutralization are required.

Quantifyingsulphated polysaccharidesanalso be doneausinga solidphase colorimatc method It
has been shown thanhethylene blue dye binding heparin is not affected by pH among 2 arfdid2
2006) Dye binding requires a macromolecular form with both carboxylsamghaterich groups. The
carboxyl groups withousulphategroups give no responseAfter staining the sulphate groupswith

methylene blue the polysaccharideare immobilized into filter paperand consequent using optic
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density(at Asssnm) measurement of the eluted dye from filter papédtis allows for determination of
1-20ug fucoidan in presence of potentially interfering compounds such as alginic acid, salts, proteins,
DNA and detergentdviany of the olorimetric determination methods afulphated polysaccharides

are based on interaimns with cationic dyes such démethyl methyleneblue, methylene blue, and
toluidine bluein a solutionFarndale, 1986; Beutlev, 1993; Soedjak, 1994; Liu, 1998; Matsubara, 2005;
Lee, 2012styuzhaina, 2014Heparincol. assay followthe samequantification principle using dye

to quantify thesulphategroups Thechangein absorbance upon bindinp the sulphategroupscan

be measuredvith U\-VISspectrometer

1.4 Comparison of éparin anducoidan

Naturally occurring heparin is one of theulphated polysaccharidesghat is most usedas a
anticoagulant, butongterm use may causéemorrhage(SoonKi, 2012) Heparin may also cause
virusbased infections due to that it is mostly obtained from animalgrine sourcedsulphated
polysaccharideucoidan is an alternative anticoagulant without themorrhagedownside(SoonKi,

2012). Along with fucoidans anticoagulant activity, other biological activities such as antivirus,
anticancer, antitumor, ardinflammatory, and antioxidant activities haveedn observed. These
properties make fucoidan an attractive polysaccharide for numerous biomedical applications. (Ozaltin
2016)

As mentioned, fucoidan and heparin are similar in structure, as seen in figuvéith the similarities

in structure and propertiea hypothesis cabe proposed

HypothesisThe shared anticoagulant propertiesH#parin and fucoidaand similarities in structure
combined withanticoagulants dependency arhigh sulphation degremnd polymer lengtigould mean
that highly sulphatecgand highMw fucoidan fromL. hypis eligible for quantificatiorthe same way

heparin is quantified in heparin col. assays.

S 0S0;~
HsC
~o 0 o 0 B 3 0O
Ho 0SO05”
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Figurell: Repeating units in theolysaccharides heparin (letthd fucoidan (fucose residues) (right).

24



Contrarily to other polysaccharides, the mechanism of anticoagulant activity of fucoidan is related to
the interactions with the natural thrombin inhibitors of antithrombin (AT IIl) &egarin cofactor Il
(HCII), activated factor Il (thrombin), and activated factdCKronmogenix, 1999) The effect of the
anticoagulant activity of fucoidan depends on its structural properties, such pisasioih degree and
pattern, monosaccharide composition and its molecular weigtgparin has a lower anticoagulant
activity than fucoidan andsing heparin magausehemorrhage side effectdhe same side effect is

not seen with fucoidariGrauffel, 1989; SewvKi,2012) On the other hand, the structure of fucoidan is

not properly defined yet, which limits its current applications.
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Chapter Z; Experimental rathods

The goal is tdind efficient andsuitablemethodsfor quantification offucoidan in fucoidan extrast
obtained fromLaminaria hyperboreaThe methodsshouldaim to have a high degree atliability,

accuracy (relationship between experimental and true valpegcison (distribution of data values)
as well adeing costand time efficient Fucoidans fronk. hyphave a high sulphation degreand well
filtered fucoidans have been found to haamund 1.7 sulphate groups per monon{&opplin,2018)

In this thesis all calculations are done with the assumption edich fucoidn monomerbeing
disulphated Due to difficulties in extracting and isolating the fucoiddhg more isolated the fucoidam
are, the lower molecular weight and sulphation degree is expecfertording to Algingrmolecular

weight of fucoidans i.. hypmay range from 10 kDa to several MDa

2.1 Extradion

Extracting biopolymers from the cell wall of brown seaweed is a challenging task. The yield, the
structural features and the chemical nature of the polysacctes are highly dependent on the
conditions on which they are extracted (Li, 2008). A variety of methods have been tested in isolating
high quality fucoidan, but the precise structure is still debatable due to difficulties in the extraction
and purificaton process Ragan& Jensen 1979). The seaweeds are usually extracted for crude
fucoidan with acid as extraction solvent to avoid a release of alginic acid (Geis&likagonnell

1981).

The extraction treatment employed affects the compositimsulting inchangein the propertiesof

the fucoidan substancg®\le & Meyer2013).Extraction with alkaline conditions will generally result

in algnic acid Extracting withthot watermaintains he stabilityand the overall charge of the molecule
making higher quality fucoidamhich better retainsts bioactivity Acid treatment used as a major step

in the extraction of fucoidans causes degradation and affectstimepositionsntegrity. Using acidic
solventsgive a highefucoidanyield in comparison to watetbut the acidmayremove thesulphate
groups andbreak p the polysaccharidento fucose fractionsUsing &id at a concentration that
minimizes loss of structural integrity using greener solveaa such asvater, may be the most efficient
way to extract high molecular weight fucoidafith sulphategroups int&t. Mild extraction procedures
must be implemented to preserve the native fucoidan structure and thus bring out the distinct and

valuable biological properties.

Precipitation of alginat®y divalent ions (such as €ar B&") is a commompre-treatment step during

fucoidan extraction(Zayed 2020) An acidic medium(pKa below carboxylic groupg)so helps in
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precipitation of alginate as alginic acitherefore traces of alginate are frequently detected in crude
fucoidan extracts from browralgae Precipitation can be performed by adding GaGilfter
precipitation,NaOH can be added (to pH of ~1@}he solution (5070 °C)to break down the alginate

Polyphenols can make the solution brown, which may be a result of degradation.

Extraction offucoidan fromL. hyphave beershownto be close to equallgfficientwith acidic solvent
(0,2M HC) at 80°Cfor 2 hours andfor 24 hours(Ahmad 2015) Extraction withacid gives &/2 ratio
of fucoidan compared to extraction with wate¥aryingthe temperature and solventcould be

investigated furtherThe crude fucoidan analyzed in this thesis is extractedittaced by Alginor.

2.2 UltravioletVisible U\WVIS Spectroscopy

U\LVISspectroscopy is an analytical technique that measures the number of discrete wavelengths of
UV or visible light that are absorbed by or transmitted through a sample in comparison to a reference
or blank sample. This property is influenced by the position of the sample and can provide
information on what is in the sample and at what concentration. Many molecules contain
chromophores which will absorb specific wavelengths of ultraviolet or visible light. Using the Beer
Lamberts law, the absorptionf @pectra generated from these samples at given wavelengths can be
related directly to the concentration of the sample. Normally UV BMVISspectra are recorded at

high and low pH and the results of both for the samples under question compared withnknow
standards (Tomasik, 1998; De Caro, 2015; Justin, 2021; ScienceDitBéVIS last accessed
03.03.2022).

UW-VISis the preferred method to analyse the samples as the analytes are highly conjugated and are
thus suitable fotJ\-VIS In guantitative analsis,UV-VISoffers high sensitivity with a detection limit of

10* to 10° M, high accuracy ¢5%) and is relatively simple to use. The technique allows sample
recovery and good discrimination between pure compounds without the need for derivatisation.

Futhermore, the device is cheap and accessible (ScienceRitdéVIS last accessed 03.03.2022).

KineticU\AVISmethod was performed to check for drift caused by the instrument or the samples. This

is done by measuring the absorbance of a wavelengthiBpdor the analyte as a function of time.

When using the col. assays, if the reaction leading to a change in absorbance had not properly finished,
a change in absorbance over time would be visible. This is especially useful for the heparin col. assay
since the reaction is stopped after 120 seconds of reaction with the dye. A change in absorbance would

mean the reaction was not properly stopped.

A check for drift is performed wheneveh-VISs used. This is especially useful when using the heparin

col. assay to see if the reaction has not been properly stopped with aceticEwail)\-VISused in this
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thesis was the Shidazu 00 UB/Visible Scanning Spectrophotometer; 115 VAC. It provides 1 nm
resolution in a compact doubleeam instrument. Features su@s full functionality from 190 to 1100
nm, builtin validation software and was run through a computer. Check tébler detailed

specifications.

Table2: Specifications of the Shidazu-W800UV-Visble Scanning Spectrophotoneet 115 VAC, which was used in

analysis.
Stray light <0.02%T at 340 nm, 400 nm; 86T at 198 nm
Source lamp Deuterium; tungsterhalogen
Beam type Double
Bandwidth 1.0 nm
Minimum wavelength 190 nm
Maximum wavelength 1100 nm
Wavelengthaccuracy +0.1 nm
Wavelength reproducibility +0.1 nm
Photometric drift <0.0003 A/hr
Detector Silicon photodiode

2.3 Colorimetric assays

Thee areseveral cadrimetric (col.)assays used to measuamalytesin different way. These assays
range fromsimple pH measurements more complex pharmaceutical pesticidecompounds which

can be valuable in applications such as health monitoring and wedéng (Abels, 2021)Col. assays
usually utilize laboratory spectrophotometrifhis #ows for development of calibration curves and
consistent absorbance measurementsThe concentration of the malyte can be determined
guantitatively by comparing the absorbance at wavelengths that are specific to the chromophore of

interest to the calibration curve.

With the fast development of clinical laboratory techniques, assays with increased accuracy and
sensitvity have beendeveloped. Enzymatic assays avee of the assays that can avoithe
disadvantages of low sensitivity armdany of the interfering factors that may occur with the
colorimetric method(sciencedirect, colorimetry, last accessel?.05.2022)The crude extract front..

hyperboreawill include a decent amount of laminarin, mannitol and other carbohydrates as well as
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polyphenols which may create interference in detecting fucose. Thus, the method used to quantify

fucoidan from a crude extract needs be specific.

2.3.1 LAfucosecolorimetric assaguantification

In this colorimetric method, harsh acidic conditions are used to depolymerize and desulphate fucoidan
into monomeric fucoseThe fucose monomers can be quantified withaneercially available-L
fucosecol. assayrom Megazymenhich specifically quantifies fucose in the presence of other sugars
and impurities.The Lfucosecol. assays a simple, rapidand reliable method for the measurement

and analysis of-Eucose in plat extracts, biologicabamples,and other material{Megazyme.com
asay protoco) last accessed 28.01.202ZFhe col. assaycan be used in measurement 6fL-
fucosidaseghat do not act on chromogenic substratéd/u, 2021) The quality control criteria for
accuracy and repeatabilitare to be within 2% of the expected value using pure analytes
(Megazyme.com, 28.01.2022). However, the level of accuracy is obviously analyst and sample
dependent. The detection limit of the-Rumse col. assayis 068 mg/L which is derived from an
absorbance difference of.@20 with the maximum sample volume of 2.00. ifhe assay is linear over

the range of 0.5 to 108g of I-fucose per assay. Tl®l. assays stable under recommended storage

conditions for more than 2 years.

Extracted andfiltered fucoidan are hydrolyzedwith heat into fucose units as seen in figurd?2.
Fucoidan islepolymerized andlesulphatedin these harshacidic conditionsThe L-fucoseunits can

then be quantified by using thefucosecol. assayand U\-VISspectrophotometer
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Fucoidan fraction AN L-Fucose

Figurel2: Hydrolyzatiorof fucoidan causedepolymerizatiorand desyphation of the polysaccharide intofucose units.

L-fucose isoxidizedby the enzyme dfucose dehydrogenasg-FDH)in the presence of nicotinamide
adenine dinucleotide phosphate (NADRo L-fucono-l,5lactone with the formation of reduced

nicotinamide adenine dinucleotide phosphate (NADRid)shown in figuré3.
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Figurel3: Reaction principle of theflcose col. assay.

The amount of NADPH in this reactiorsisichiometrically equal to the amount offucose in the

solution. The reduced NADPH gives an increase in the absorbanceran348velength, as shown in

figure 14.
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Figurel4: NADP+ and NADPH wavelength difference atnd4@Ruyck2007)

To quantifyfucoidan astandard curve will be obtainedith the fucosestandard included in the
Megazymecol. assayWith the standard curve in place, kanown amount of fgh purity Fucoidan
(#95%) from Fucus vesiculosudelivered from Sigma Aldrich will bleydrolyzedto fucose, pH

neutralized and checked against the standard curve.

Publications determining fucoidan by hydrolyzing fucoidan irfacbseunits have been found to
hydrolyze the fucoidan samplégtweenl and 24 hours at 700r 80°C (Ahmad, 2015; Turan, 2017).
Periodicallyanalyzedsamples ofhydrolyzedand desulphated L. hyp.fucoidan (delivered by Nova
Matrix) with 1M HCI at 8T indicates thahydrolyzationshould be done at least for 5 hours for
complete hydrolysisas seen in figuré5 (Ahmad, 2015).This is the main reasdmydrolyzationtimes

will bedone for 6 hours at 8, and for 24 and 48 hours at°@0 Practical reasorsuch agemperature
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control and water bath evaporation, were also taken into consideration when optimizing the

hydrolyzation.

Fucoidan - Hydrol. + Desulfated
0,3000
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Figurel5: Absorbance diiydrolyzedand desyphated fucoidan measured periodically uslafyicosecol. assayAhmad,
2015).

Proceduret-fucose ((bmg/ml) provided from the Megazyme col. assay was used as standard. Samples
of the standard were diluted with water into five different concentrations raggirom Q02 to Q1

mg/ml. In each cuvette series the following was added; sample solution at different concentrations
(0.1 ml), buffer (plus sodium azide, pH 9.5 0.02% w4 (0l), NADP+(Q ml) and distilled water (2

ml). The solution in the cuvettesere mixed with a glass staff. After three minutes of incubation,
absorbance (blank) was measured at 340 three times at 1 minute interval between each reading.
With the blank measuretd\-VISmeasurements were paused anducose dehydrogenase .(@b ml)

was added to the cuvettes and mixed with a glass staff. After 10 minutes the reaction was assumed to
be finished andJV-VISmeasurements were resumed. 9 readings of the product were performed with

1 minute interval between each reading, in total 12 readings were performed at®4The standard

curve was quality checked with three parallels and drift check.

When following tle procedure of thel-fucose col. assay equation 1.1 is used to calculate the

concentration ofL.-fucose
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Where c is concentratiofg/L], Vis final volume[mL], Mw ismolecular weight ol-fucose & is the
extinction coefficient of NADPH at 340 r{6800Imol*cm?), d is light path [cm]v is sample volume
[mL], andnAiucose IS measured absorbance at 340 nm subtracted by the blank absorbansame

wavelength beforeadding EFDH.

After standardizing the-fucose col. assay the fucoidan standard candsted to see if the fucoidan
yield is close tovhat is specifiedThe amount of {fucose can easily be calculated back to fucoidan by
using the Mw ratio of ffucose units per dulphatal fucoidan monomer, as shown in tat8delow.

This factor was calculated based on the loss of two NgB@ps per monomer.

Table3: Theoretical Mw values @ficoidan,L-fucose oneandtwo NaSO3yroupsand thelL-fucosefucoidan relation

Mw (Monasulphat or disulphategroup9 [g/mol] 103053 206.106
Mw (Fucose) [g/mol] 164.16 164.16
Mw (Mono- or disulphatal fucoidan) [g/mol] 267213 370.266
Mw percentage ofulfurin the sugar [%0] 55.664
Factor Mw calculating back from Fucose to Fucoidan 0.4434

Procedure:Samples of fucoidan $95% pure) delivered from Sigma Aldrichweighed with an
assumption 0B5% purity.The fucoidan wabydrolyzed in a water bath faither 6, 240r 48 hours in
HCI LM, 20-30 ml). For the 6hour hydrolyzatior(6-hh) water bath temperature will bat 80°Cbased
of figure 15 above.For the 24 and 48hour hydrolyzation24-hh and 48hh respectivelyvater bath
temperature will be ab0°Cto see if lower temperaturavith longer hydrolyzation time gives a higher
or more accurate Yyield The pH of the hydrolyzeakidicL-fucosesolutionsis measured withlitmus
paperandneutralized with NaOH (1M) to a @kdbm 1 toaround 7. The now neutral 6h, 24h and 48h
solutionsare eachfiltered and diluted with distilled water tolO0Oml in a volumetric flaskrom each

of the hydrolyzed solutions, 3 parallels of the solutions were taketJié¥ISmeasurementsApart
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from diluting the concentrations, th&/\-VISmeasurements were done the same way as tHadose

standard.

If the cd. assay proves to be accurate for the fucoidan standard, tests to check the fucoidan content
of cruder samples dfaminara hyperboredelivered from Alginor can be performdide same way as

the fucoidan standard.

2.3.2 Heparincolorimetric assay

Heparin has a relatively similar structucempared tofucoidan, as seen in figurks. Heparinand
fucoidanare also similawith respect totheir polysaccharide nature and high negative charge density
due to suphation (Pozharitskaya, 2018)Given the sinfarities in the structures of heparin and
fucoidan, the heparicol. assaynay be able to quantiffucoidansimilarly tohow it quantifiesheparin.

The heparircol. assayouldthen potentially be a cheaperfaster, anda more accurate and precise
way to quantify fucoidan in a sampl&heheparincol. assaynethodis a simple and direct approach
which is sensitive below 1 IU per,m® times more sensitive than metachromatic dy@garttinger,
2017) In traditional dye binding assays, the affinity aserements of protein interactions are typically
performed at room temperature or lower, with little or no consideration of the potential impact of the
temperature on these interactions. Higher temperatures favor conformational change and gives more

stableATIltheparin complexes (Zhao, 2018).

HO__ e
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30 |oH
O
o 0,80 CHs
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204 MheP
HO )
o HO 0SO
0 O, e

Figurel6: General structure of Heparin (left) and Fucoidan (right).
¢CKS o0F&dAa F2NJ KSLINAYQA FyGAO2F3AdzA I yid I OGAGAGE 7
is the main inhibitor of the coagulation cascade in plasma. When binding, a confirmational change in
the antithrombin molecule is induced. This accelesathe antithrombin inhibition of several serine

proteases such as factors 1Xa, Xlla, Xla, Xa and thrombin (diapharma, last accessed 29.04.2022).
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For quantitative determination of unfractionated heparin or low molecular weight heparin in human
citrated dasma, a heparircol. assaycan be usedHeparin is a frequently used antithrombotic
therapeutic.The biological activitypf heparin lies in its capability taccelerate the inhibitory effect of
antithrombin (AT) on the coagulation proteases. The amounibwaf molecular weight heparin or
unfractionated heparin is determined from the afKa activity expressed by the [Aleparin]

complex formed in plasma.

. 'OQn &I 0 6 "¥ APAOET
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S2732 Chromogentic substrate, Sile-D f daip}Gly-ArgLJb ! w |/ f fe2LIKAT A
detergent and mannitol as bulking agent.
Factor XalLyophilized bovine FXa containing Tris buffer, EDTA, NaCl, dexiphate and

bovine serum albumin.

Factor Xa (FXa) is added to a mixture of undiluted plasma and the chromogenic subzag B/hen

heparin and AT are complexed, two competing reactions occur simultaneously:

1. Inhibition of FXa by the [AHeparin] complex.
2. Reaction of FXa withZ& 32 resulting in cleavage of pNA.

The pNA release measured at 49% is inversely proportional to the heparin level in the sampBle.
subtracting the wavelength at 430, any impuritiegre-reactionshould be neglected, as seertle
UW-VISspectra of pNA ifigure17. This is the reason 490 nm was chosarthe blank measurements.
Whether or not theneparincol. assagan be used to quantify the amount of fucoidan igigensample

in waterwithout human citrated plasma, is yet to be tested.
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Figurel7: U\AVISspectraof pNA(Barariraj, 2011)

To reduce the influence from heparin antagonists, such as platelet factor 4, destifphateis

included in the reaction mixture.

As mentioned in the introductionutoidan is relatively similar to hepaiimstructureand shares many
of its properties sah as anticoagulant anantithrombin activities With the similarities instructure
and properties it is possible thathe already developed heparicol. assays alsoable to quantify

fucoidan with the same principles
Principle of the methodised in this quantification experiment
. "06 G QDGR 6 "E&OAT EAAT
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The spearman correlation coefficient)(between antiXa activity and heparin concentration has been
determined by spiking plasma samples to be 1.0. Variation of the coefficient was at most 5% within
run as well as dato-day variability Burki,2018) Though the heparin col. assay seems to be reliable,
these tests were done in plasma, and the accuracy and reliability may differ when using the assay

without plasma.
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To quantify fucoidan with the heparicol. assaya standard curve will be obtaindty using aigh
purity (¥95%)fucoidanstandardfrom Fucusvesiculosuslelivered from Sigma Aldriciithe procedure
delivered from theHeparincol. assawasadapted from microplatdJ\-VISto manualassaycuvette
UWVIS by simply quadrupling the volumes of the proceduigeyond this, ie recommended

procedure provided by thproducer wadollowed.

Themass weight of th&dgmaAldrich fucoidan standard is unknow8i¢gma Aldrichproduct number
F8190). A cruder fucoidan from the same seaweBdcusvesiculosusdelivered bythe same
manufacturerhas mass weight ranging from 20 kDa to 200 kDa, with an average of 134 kDa (Burbach,
2016).The anticoagulant properties of heparin ancchidan depend on the molecular weight and DS

of the polysaccharide (Reis, 2008; Kopplin, 20IBjs could have an impact on the heparol. assay
standard curve, and thus also on the amount of fucoidan that is quantified in the fine and crude

fucoidan sdution.

In the following procedures thredifferent fucoidan standard solutions are used to make standard

curves.The concentration and use of each fucoidan solution is listed in table

Table4: Overview of the Sigmaldrich fucoidan solutions used in standardization of heparin colorimetric assay.

Solutions of Concentration | Use

Sigma Aldrich [mg/ml]

Fucoidan95%)

from F. ves.

1 1.028 Standardizing heparin col. assay, quantification of both
crude fucoidan samples from Alginor.

2 2.02 Optimize standard curves and reproduce achieved resu

3 2.20 Establish a standard curve in room temperature and fing
out if temperature is a variable.

Procedure of fucoidan solution A sample of Fucoidand5% pure) fronSigma Aldrichvas weighed
(25.7mg) and diluted in water (2%1) to achieve a working concentration of 1.028/ml. The working
sample (1.03ng/mL) along with dilutions of thevorking sample (0.8, 0.6, 0.4, and @®/ml) were

used to make the standard curve. The volumes in the procedure of the col. assay were quadrupled to
give a volume suitable for th&/\-VIScuvettes as well as to prevent bubbles. The recommended
procedure inthe heparin col. assay manual was followed. A volume of the samples r(0)60as
transferred to separate test tubes, mixed with distilled water (hI?, and incubated for 6 minutes at
37°C. Preheated 32732 (0.2ml, 37°C) was mixed into each test tulfe]lowed by preheated Factor

Xa (0.2ml, 37°C) and shaken thoroughly for 2 minutes. Change in colour from colourless to slight blue
was observed. The reaction was stopped with 20% acetic acign{p.2nd UV measurements were

taken. Absorbance at 49tm were measured and subtracted to the absorbance measured ah#05
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12 readings were performed at 30 second intervals and a standard curve with three parallels was
obtained as well as a check for drifithe same procedure was followed for the crude (OEMOES8)

and fine fucoidan (OEW®@0289) samples withifferent working concentrations

Procedure of fucoidan solution & sample of Fucoidam®5% pure) fronSigma Aldrickvas weighed
(20.2mg) and diluted in water (1) to achieve a working concentratioffi 2.02mg/ml. The working
sample along with dilutions of the working sample (1.8, 1.4, 1.0 anch@/l) were used to make the
improved standard curve. The volumes in the procedure of the col. assay were quintupled to give a
volume suitable for thdJ\-VIScuvettes as well as to easily prevent bubbles. The recommended
procedure in the heparin col. assay manual was followed. A volume of the samplesn].k&as
transferred to separate test tubes, mixed with distilled water (I3, and incubated for éinutes at

37°C. Preheated S2732 (0.25nl, 37°C) was mixed into each test tube, followed by-peated Factor

Xa (0.25ml, 37C) and shaken thoroughly. Change in colour from colourless to slight blue was
observed. The reaction was stopped with 20% agatid (0.25n1) and UV measurements were taken.
Absorbance at 49@m were measured and subtracted to the absorbance measured an#0512
readings were performed at 30 second intervals and a standard curve with three parallels was obtained

as well as chdcfor drift.

Procedure of fucoidan solution 8 sample of Fucoidam®5% pure) fronSigma Aldrickvas weighed
(22.0mg) and diluted in water (1) to achieve a working concentration of 2.2@/ml. The working
sample along with dilutions of the workisgmple (1.8, 1.4, 1.0 and G&/ml) were used to make the
roomtemperature standard curve. The volumes in the procedure of the col. assay were quintupled to
give a volume suitable for tHé\-VIScuvettes as well as to easily prevent bubbles. The recomesnd
procedure in the col. assay manual was followed. A volume of the samplesi{).Was transferred

to separate test tubes, mixed with distilled water (inh. S2732 (0.25ml, 20°C) was mixed into each
test tube, followed by préneated Factor Xa (0.28l, 37°C) and shaken thoroughly. Changecator

from colorlessto slight blue was observed. The reaction was stopped with 20% acetic acidr().25
and UV measurements were taken. Absorbance at @®0were measured and subtracted to the
absorbance measudeat 405nm. 12 readings were performed at 30 second intervals and a standard

curve with three parallels was obtained as well as a check for drift.

24 Nuclear Magnetic Resonance (NMR) Spectroscopy
NMR spectroscopy is one of the most essential and useful tools to analyze and elucidate the structure
2F LRfeal OOKINARSAE o0, 22X HAHMOD® ¢KS a2S06 2F { OA

related to the use of NMR spectroscopy. During the pasades the strength of the superconducting
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magnets that providéH resonance frequencies have increased drastically from below 100 MHz in the
MdcnQa PHBHzEL 202D 2Castaing, 2021). Today, 300 and 600 MHz NMR spectrometers are
routinely used in may research laboratories and industries. Stronger magnets and-dnigh
electronics and computers have made the technique more accurate and sensitive by lowering the

signal to noise ratio (S/N) and increasing the resolution of the spectrums.

24.1 Quantitative Nuclear Magnetic (QNMR) Spectroscopy

NMR spectroscopy directly observi® nuclear spins of the atoma a moleculeThus, in principle
the technique hagjuantitative capabilities and can be used in quantification ana(y&®I¢ gNMR,
lastaccessed 27.03.2022)uantitative NMRgNMR)is used for determination of concentration and

purity of molecules
There are basically three types of gNMR applications.

1. The concentration of products and impurities down to ppm level

2. Puritydetermination of standards for other techniques like HPLC. This requires high accuracy
and precision.

3. Composition of complex mixtures. Many compound classes at the same time (e.g.

metabolomics).

The first methoddetermination of concentration, is the gNM&pplication usedn this thesis.The
concentration of the analytean bedeterminedwith a known concentration of a standard in the

sample, illustrated in figure 18

38



Sample Data acquisition Data processing/
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Figurel8: gqNMR method overvievQantitative NMRretrieved28.03.2022

NMR signal intensities are expressed as equation (VRere h and k represent the area of the
integrated NMR peaks of the standard and the analyteahtl H; represent the number of protons
the standard and analyte integral refent, and @and Grepresent the concentration of the standard

and the analyte.
12 — —

If the samplevaries oveltime (e.g.,biological variation)or is subject to sample inhomogeneity, this

will have an impact on the gNMRsults. Some standards may also change over titneccurate
weighingand pipetting aresome of thecommon errors withan inexperiencedoperator. Especially

since you need the wght of both the analyte andhe internal standardAs long as thesample is
homogenous, only a duplicate analysis (two samples with one measurement for each sample) is

necessary to exclude incidental sample preparation er(8hoenberge2019).

The NMRand gNMR experimentsere performed at a Bruker AVANCE NEOMKEQ instrument which
was installed in 2017 at tHdorwegian NMR platforrlNNB building.The instrument is equipped with
a cryogenic prove with four Rfhannels (1H, 13C, 15N, and 31R)features new generation of
electronics (NEQyvhich gives improved dynamic range, quiat@ntrol,and scalabilityThe automatic
sample changer (SampleJat)tomaticallyswitchesthe sampla. NNP also provides 850 MHz analysis.

Theadded quality of resolutiofrom 850MHz is not necessary for the experiment

The salts potassium phthalate monobasic (KHP) and calcium farfizatee 19, are standards that are
suited for gNMR experiments with fucoidan. Kk#3two meta andtwo para protonsthat shouldin

total giverise to two signalswith the same area andt slightly differentchemicalshifts. Calcium
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formate should give one signal from its two protons. KHP operategi@n¢ 7.5ppmand has a pH
of 4. The pH could be a problem since fucoidans cattipa is vulnerable to pH change. Calcium
formate does not have this issue and could therefore be used instead. Calcium formate operabes at 8

¢ 7.5 ppm and is slightly cheapestandardthan KHP.

CH,

OK
OH 0S0,
o)

O

Figurel9: Potassium phthalate monobasic (left), Calcium formatieldle), and fucoidan fracture (right)
When quantifying fucoidarthe C6 alpha proton and the three protons in the methyl group are the
protons used for quantificatiomgainst the protons in the standardhe C6 beta proton is in the
FNRYFGAO GF2NBadé FyR Aa fukfrom imégedoaok thef pSaksi 2
the measured known concentrations of teandard and analyteas well as the proton relation is used

in equation(1.2) to calculate the concentration of the anadyt

The parameters of the T1 and 1H gNk¥periments are shown in tabkeand table6.

Table5: Parameters of proton TAMR test experiment. Table6: Parameters of 1H gNMR experiments.
NS 8 NS 128
P1 8 P1 8
D1 10 D1 30
TE 298 TE 298
1TD 10 1TD 65536
2TD 16384 2TD 65536
1SW 2 1SW 19,8368
2SW 19,8368 2SW 19,8368
O1P 6.175 O1P 6,175
O2P 6.175 o2P 6,175
Sl 8192 Sl 65536
AUNM | au_zg AUNM au_zgpc
ANMP | proc_2dtl ANMP proc_1d
FNTYPE| O FNTYPE 0
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