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ITEM A
Petition for Non-organic agricultural substances allowed in or on processed products labeled
as “organic” (§205.605 (b)) to be include on the National List.
iITEM B
1. Substance name
Chemical name: Sulfuric acid — Food Grade (30-50%)
Other Names: Hydrogen sulfate -
Oil of Vitriol
Oleum
Compoaosition: H;S0,

2. Manufacturer’s name and contact information
Tas-Isle Trading Pty Ltd
41 Sunderland Street
Moonah Tasmania 7009
AUSTRALIA
Ph: +61 3 6272 5288
Fax:+61 362731993
Emalil: sales@tasisle.com.au

3. Intended use of the substance
Seaweed extraction — allowance of sulfuric acid for pH adjustment
The current petition is for allowing the use of sulfuric acid as a pH adjustment of
extraction water for the production of seaweed extracts, specifically fucoidans.
Fucoidans are natural polysaccharides that contain sugar monomers. The sulfuric
acid does not impact on the seaweed extract, rather it is used solely as a processing
aid. Liquid formations would be overtaken with bacterial growth if the pH were not
lowered to levels described herein.
No residual sulfuric acid remains in the product. The seaweed extracts are sold as
ingredients into the food supplement, function food and beverage, and cosmetic
markets. _
Sulfuric acid is listed in the Japan Agricultural Standard for Organic Production as
well as the Australian Quarantine and Inspection Service as a pH adjustment agent in
extraction water for producing sugar. Marinova has received allowance for the use
of sulfuric acid as a pH adjustment agent from the Australian Quarantine and
Inspection Service on the basis that the “National Standard Sub Committee is of the
opinion that fucoidan is a sugar based and therefore would already be covered in the
National Standard under Annex C” (Appendix A). 7
Aquatic plant extract is a listed synthetic substance allowed for use in organic crop
production but the extraction process is limited to the use of potassium hydroxide or
sodium hydroxide solvent used is limited to that amount necessary for extraction.

SR e R ? Because of this, the use of such type of,
acid is not commercially viable as well as the increased costs associated with its
removal from the product in the purification stages of the process.
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Sufuric acid, in addition to phosphoric and citric acids, is allowed as a processing aid
for pH adjustment (not below 3.5) in organically processed liquid fish products for
use in crop production (NOP205.601(j)(7)). A petition has been made for sulfuric
acid to be used in a similar way with livestock manures as a processing aid in the
production of dehydrated manure for use in organic crop production (pH not below
5). A petition for the use for agua plant extracts to be allowed as plant or soil
amendments under 205.601(j}(1) was made by Arcadian Seaplants where the
extracts “can be pH adjusted with sulfuric, citric or phosphoric acid”.

Handling activities for which the substance will be used

The petition is for sulfuric acid to be used to ad t the pH of the extraction water for
the productlon of seaweed extracis S .
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. The source of the substance and a detailed description of its manufacturing or
processing procedures from the basic components to the final product

The lead-chamber process, developed in 1746, was the orginal method for producing
sulfuric acid on an industrial scale. This was superseded by the Contact Process,
patented in 1831, which has now become the primary means of sulfuric acid
production worldwide.

The Contact Process can he divided into three stages:

a. -Preparation and purification of SO, — Suifur dioxide is prepared by burning
sulfur. This commonly occurs in various industrial processes such as the
burning of sulfur containing fuels {coal and oil) and the smelting of various
metal ores and ore concentrates. Sulfur dioxide is captured in industrial
scrubbers to prevent emissions that would otherwise contribute to acid rain.
The captured sulfur dioxide is further purified, concentrated prior to the
catalytic conversion to sulfur trioxide (SO3).

b. Catalytic oxidation {using vanadium pentoxide catalyst} of sulfur dioxide (SO,)
to sulfur trioxide {SO3z) — This step involves the reaction of sulfur dioxide with
oxygen (0,) at 450 - 500° C in the presence of a vanadium catalyst. The
catalyst does not contribute anything chemically to the process, rather it
promotes the reaction at manageable conditions.

Conversion of sulfuric trioxide to sulfuric acid — SO3 is not dissolved in water directly
to yield sulfuric acid because of the large amount of heat that is generated from the
reaction that would form clouds of corrosive vapour. Instead, the SO3 is absorbed
into already formed sulfuric acid to form pyropsulfuric acid {(H25207). This solution
is then diluted with water to obtain sulfuric acid at the desired concentration.

. Summary of any available previous reviews by State or private certification
programs or other organizations of the petitioned substance.

USDA/NOP: Sulfuric acid, citric acid and phosphoric acid are currently on the
National List as synthetic substances allowed for use in organic crop production
under section 205.601(j}(7) as additives to liquid fish products. The sulfuric acid is
used to pH adjust the liquid fish products, preventing further degradation or creating
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odorous gases. The amount of added acid shall not exceed the minimum needed to
lower the pH of the product to 3.5. _

JAS: Sulfuric acid is listed in the Japan Agricultural Standard for Organic Production
where it is allowed for use in adjusting pH of the extracted water in producing sugar
(ie a pH adjustment agent) (JAS for Organic Processed Foods, Notification No. 1606).
AQIS: Sulfuric acid is listed in the Australian National Standard for Organic and Bio-
dynamic Produce where it is allowed for use in the pH adjustment of extraction
water in sugar production (National Standard for Organic and Bio-dynamic Produce,
Edition 3.4). Marinova has received approval for the use of sulfuric acid as a pH
adjustment agent in the manufacture of Organic Certified fucoidans (Appendix 1).-
CGSB: The Canadian General Standards Board permits the use of fish emulsions to
amend and improve soil fertility Liquid fish products can be pH-adjusted using
sulfuric acid, but the amount of acid used cannot exceed the minimum amount
needed to lower the pH to 3.5 {CGSB-32.311-2006, Organic Production Systems
Permitted Substances Lists}

Information regarding EPA, FDA and State Regulatory authority registrations
including registration numbers '

According to the Australian National Occupational Health and Safety Commission
(NOHSC), sulfuric acid is deemed a hazardous substance for concentrations above
5%w/w. It is known to be corrosive can cause severe burns. Labelling requirements
include “Keep locked up and out of reach of children”, “in case of contact with eyes,
rinse immediately with plenty of water and seek medical advice”, and “never add
water to this product”. This information is sourced from the European Union’s
Annex | of the EEC Council Directive 67/548/EEC (as updated by EEC Council Directive
2001/59/EC). The concentration at which sulfuric acid is used in this petition (<1%

w/w) is not considered hazardous according to NOHSC.

In 1975 the Select Committee on GRAS Substances {(Report 33, CFR Section
184.1095) concluded that “There is no evidence in the available information on
sulfuric acid, and on ammonium, calcium, potassium and sodium sulfates that
demonstrates, or suggests reasonable grounds to suspect, a hazard to the public
when they are used a levels that are now current or that might reasonably be
expected in future”.

There is no information that exposure to sulfuric acid by itself is carcinogenic. The
EPA and US DHHS have not classified sulfuric acid for carcinogenic effects. 1ARC has
not classified pure sulfuric acid for its carcinogenic effects.

The Agency for Toxic Substance and Disease Registry (US Department of Health and
Human Services) has collated the following international, national and state
regulation regarding sulfuric acid in air, water and other media (ATSDR 1998).




International , National and State Regulations regarding Sulfuric acid '

Agency | Description | References

International

IARC Carcinogenic classification: Group 1 | IARC 1992

National

OSHA (air) PEL TWA (8hr): 1mg/m? OSHA 1998 (29 CFR

. 1910.1000)

EPA {Water) Hazardous substance under the EPA 1998a (40 CFR
Clean Federal Water Pollution 116.4)

Control Act Sec 311(b}(2)(A)

EPA (Food) Exempt from tolerance for pesticide | EPA 1998b (40CFR
chemicals in or on raw agricultural 180.1001)
commaodities
Exempt from the requirement of a EPA 1993¢ {40 CFR
tolerance when used in accordance | 180.1019)
with good agricultural practice as a
herbicide in the praoduction of garlic
and onions and as a potato vine
desiccant in the production of
potatoes : :

Consumer Suifuric acid and any consumer EPA 1998g (16 CFR

Product Safety product containing free or 1500.129)

Commission chemically unneutralised sulfuric

{CPSC) acid in a concentration of 10% or
more must bear the word “poison”
on its container

DOT Forbidden for transport on DOT 1998 {49 CFR
passenger carrying aircraft or 172.101)
railcars. _' .
Domestic transportation labels: DOT 1998 (49 CFR
corrosive , 172.101)

EPA CERCLA reportable quantity 1000 EPA 1998d
pounds _ (40CFR302.4)
Extremely hazardous substance TPQ: | EPA 1998a
1000 pounds '

State {Acceptable ambient air concentrations {ug/md) :

Arizona 22.5 (1 hr), 7.5 (24 hr) NATICH 1996

Connecticut 20 (8hr), 100 {30 min) CT DEP 1998

ldaho 50 {24 hr) iD DHW 1998

Kansas 2.38 {annual) NATICH 1596

Louisiana 23.8 (8 hr) LO DEQ 1998

Maine 300 {15 min), 17 (24 hr) NATICH 1996

Massachusetts 2.72 (24 hy), 2.72 (annual) NATICH 1996

Nevada 24 (8 hr) NATICH 1996
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North Carolina 100 (1 hr), 12 {24 hr) NC DEHNR 1998
North Dakota 30 (1 hr), 10 (8 hr) NATICH 1996
Oklahoma 100 {24 hr) ' NATICH 1996
South Carolina 10 {24 hr) SC DHEC 1998
Vermont 23.8 (24 hr) NATICH 1996
Virginia 17 {24 hr) NATICH 1996
Washington 3.3 (24 hr) ' WA DE 1998
Wisconsin 24 (24 hr) NATICH 1996

8. The Chemical Abstract Service (CAS) humber or other product numbers of the
substance and labels of products that contain the petitioned substance — Sulfuric
acid
CAS number: 7664-93-9
UN numbers: 1830, 1831, 2796 .
Labels: Corrosive (C), Causes burns {R35) {Concz15%); Irritant (Xi), Irritating to eyes
and skin (R36/38)(5%<conc<15%) ,

“Keep locked up and out of reach of children”(51/2), “in case of contact with eyes,

rinse immediately with plenty of water and seek medical advice” (S26), “never add

water to this product” (S30), “In case of accident or if you feel unwell, seek medical
advice immediately” (545).

9. The substance’s physical properties and chemical mode of action including:
a. Chemical interactions with other substances, especially substances in
organic production

. >C8| Deleted

b. Toxicity and environmental persistence of sulfuric acid
Sulfuric acid is not persistent and dissipation and the buffering capacity of the
soil and water are likely to return the pH to acceptable levels within a
relatively short period.

Sulfuric acid is fast-acting and is quickly neutralized in the environment by
reacting with the vegetation canopy (which intercepts much of the chemical),
soil and water in the soil. This means that the hazards associated with this
chemical rapidly decrease from the time of appiication.

Sulfuric acid is known to break down relatively quickly, reducing the
possibility of problems with long term effects on the environment.
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¢. Environmental impacts from its use and/or manufacture
Sulfuric acid is a pollution control byproduct of the metal smelting industry.
If not turned into a product, suifuric acid would ultimately form acid rain in
the atmosphere. Consumer use (industrial, agricultural, commercial) of
sulfuric acid benefiis the environment by allowing the metal industry to
proceed a high quality product instead of a large volume waste.
if sulfuric acid is used as outlined in this petition, its environmental impact is
minimalised. Only mild conditions are used during the process thus
preventing the formation of sulfuric acid mist or vapours that can escape into
the atmosphere. The subsequent neutralization of the acid as part of the
process prevents the addition of high acid concentrations being released into
the waterways and greater ecosystem.

d. Effects on human health
Sulfuric acid, like any acids, can be harmful to humans if it comes into contact
with the skin or eyes and if it is swallowed or inhaled. This is detailed in the
attached material safety data sheet (MSDS). :
There are no human dietary concerns from the use of sulfuric acid as a
pesticide on potato vines. For this use, sulfuric acid was granted an
exemption from tolerance requirements because it “is rapidly degraded in
the environment to sulfate salts, which are of no toxicological concern and
are GRAS by the FDA”
When used in the purpose of this petition, workers are exposed to low _
concentrations of sulfuric acid which are deemed non-hazardous (<1%w/w).
All workers use appropriate personal protective equipment. '
Higher concentrations are handled by delivery personnel with appropriate
licenses for handling dangerous goods.
The seaweed extracts manufactured using sulfuric acid as a processing aid
are used for human consumption. There is no residual sulfuric acid in the
product as this has been neutralized to sulfate salts prior to isofation and
purification of the extracts. The applicant has demonstrated that seaweed
extracts prepared using sulfuric acid as a pH adjusting agent have not had
adverse health reactions, in contrast, the extracts have exhibited health
benefits (Appendices 3 -5).

e. Effects on soil organisms, crops or livestock
The application of sulfuric acid may result in charring of the soil and
reduction of the pH in soil and water (if there is contamination of adjoining
surface water by spray drift). The effect of an application on soil pH is not
that large; it leads to a reduction of about 0.2." Sulfuric acid is known to break
down _
As mentioned above, sulfuric acid is accepted for use as a pesticide on potato -
vines due to its ability to rapidly degrade to sulfate salts.

10. Safety information about the substance including a Material Safety Data Sheet and
a comprehensive substance report from the National Insfitute of Environmental
Health (NIEH) Studies
A Material Safety Data Sheet (MSDS) from the supplier compliant with Australian
regulations regarding the format of an MSDS is attached to this petition.
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A comprehensive substance report from the National Institute of Environmental
Health (NIEH) for Sulfuric acid (50%) could not be found.

11. Research information about the petitioned substance which includes
comprehensive substance research reviews and research bibliographies, including
reviews and bibliographies which present contrasting positions to those presented
by the petitioner in supporting the substance’s inclusion on the National list.

AQIS (Australian Quarantine and Inspection Service) 2009. National Sta ndal*d.for Organic
and Bio~dynamic Produce (Ed 3.4).
hito://www.daff.gov.au/ _data/assets/pdf file/0018/126261/national-standard.pdf

ATSDR {US Dept Health and Human Services, Agency for Toxic Substances and Disease
Registry) 1998. Toxicological Profile for Sulfuric Trioxide and Sulfuric Acid. (and references
therein) ‘
http://www.atsdr.cdc.gov/toxprofile/tp117. pdf

CGSB (Canadian General Standards Board) 1999. Organic Agriculture. CAN/CGSB-32.210-99.
http://www.pwgsc/gc.ca/cgsb/032 210/32.310epat.pdf

CGSB {Canadian General Standards Board) -32.311-2006 Amended December 2009
hitp://www.tpsgc-pwgsc.ge.ca/cgsb/on_the net/organic/index-e.html

HSE (Health and Safety Executive, UK) 2009. Use of Sulfuric Acid on Potatoes
http://www.pesticides.gov.uk/farmers_growers.asp?id=62

Japan MAFF {Ministry of Agriculture, Forestry and Fisheries)
Japanese Agricultural Standard of Organic Processed Foods (Notification No. 1606).
http://www.maff.go.ip/e/jas/specific/pdf/1416 2006.pdf

12. Petition justification Statement

Sulfuric acid was shown to be the most effective acid to produce high quality organic
fucoidan. Marinova has developed a proprietary method, known as the Maritech® process,
that is specific for the extraction of fucoidan. In our trial process, we tried the use of other
strong mineral acids like citric and hydrochloric acid, but they are not suited to the
innovative process developed by Marinova. The only other non-synthetic acidifying
materials are alginic, citric and lactic acids. These marterials are ineffective, impractical,
costly and limited in their availability. The use of sulfuric acid is more effective, a more
practical means to provide acidity and results in a cleaner, natural and high purity product.

The use of sulfuric acid is approved as a processing aid in the extraction of sugar by the
Japan Agriculture Standard and Australian Quarantine and Inspection Service (AQIS), which
oversee organic certification in Japan and Australia, respectively. Because fucoidan is also
sugar-based malecule, AQIS ruled that that Marinova’s activities meet this restriction of use.
Sulfuric is also currently on the National List as synthetic substances allowed for use in
organic crop production under section 205.601(j){7) as additives to liquid fish products.

Finally, human clinical trials have shown that there was no change in kidney and liver
function or other key blood chemistry indicators after the ingestion of Marinova’s fucoidan
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extracts. In addition, trial participants reported no adverse effects were experienced. These
results indicate that the final product is safe and the use of sulfuric acid as a processing aid
does not adversely affect the product.

1. Confidential business information statement
Marinova wishes to claim CB! for the intended use of this substance as described in sections
3, 4, 9a and 12 and Appendix 6. This includes all information relating to the Maritech®
process. The Maritech® process by which Marinova manufactures seaweed extracts
{fucoidan) (Appendix 6) is a proprietary method that has was developed in-house by
Marinova over a period of several years. The method used to prepare these extracts is
‘unigue in the market place.




APPENDIX 1
Letter from AQIS National Standard Sub Committee

11 Augeest 2098
Peetd g o

Mre Mike Spivey
Marsinovs Py tid
GPC Bow 3751
HOBART TAS Fond

Dear Mr Spilvey

RE: Applications to Aiter the National Standard 03/08- Suiphuric scid and
04/08 — Sodium hydroxide

The zbove spplications submdtted b 1he Natibnst Standzrd Sub Conmitee {NSS5CY
were addressed ab the meeting fetd os 1% 2uly 2008,

The committee discussed the Information provided in the submitted applications, The
cemmitter made referance to the Annex of the Rebong! Slandard where these
processing elds re Bsted as approved for uss in sugar exteactlon processes which ted
the committes 1o seek clarification on whether your product can be descnbed a6 3
sugar based product. .

Frges tha information provided, the NSSC is of the opinion thal Fureldsn is & sugar
rased produck snd therefore world elready be covered in the Haticnat Standard under
Annex €,

The NGSC awalt vour respanse, Upon review of your response, the recommendation
of the RSSC wil be forwarded to the Grganic industry Export Censultative Cormmittee
{DIECC) ouk of session I order to cause no furlher delay in the cuttome oF your
appleation.

Please be zdvised that the draf Austratisn Organic Standard has been relessed for
puidic comment by Standacds Austialla and can be viewed ab dovesland 208,084
As this document will meptace the Mational Standard when it is implemantied, you may
wis bo address Hils lssue In the Australian Organic Standars) wisitst tha pobdic
camiment aption I availaie,

I you nave any furtser questions relating to Whls matter, please do pol hesitate to
contack {he NSSC Seoietartat on 02 6272 3928

Thank you

bretes ""'-r‘-.-ra;:."m‘ =k 'i::‘i

i rraf‘{ﬁ& Fortar
. MESC Charrperson

&
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APPENDIX 2
Material Safety Data Sheet ~ Sulfuric Acid
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[ 1. IDENTIFICATION OF THE MATERIAL AND SUPPLIER
PRODUCT NAME: SULPHURIC AGID 50%
OTHER NAMES: SULFURIE AGID 60%, SULFURIC AGID 1480, SULPHURIC ACID 1400%
RECOMMENDED USE; Genetal chemi¢al - acid, Dairy Industry - Skim milk acidulation, whey demineralisation

‘and egensration. Meat & Tanning ~ low temperature fallow rendering, pickling skins.
Metal Treatment - steel pickling, ancdising. Etfuent Treatment - pH adjustment. Water
Treatment - lon exchange resin regenecation. Battery Acid.

SUPPLIER NAME:  TAS-ISLE TRADING PTY LTD {ABN &8 003 495 765)

ADDRESSE: 41 SUNDEREAND STREET, MOONAH, TAS, 7009
TELEPHONE; +61 3 62726288
FAX: +61 362731983

POESONS INFORMATION GENTRE: 131126

C | 2. HAZARDS IDENTIFICATION |
HAZARD Classified as hazardous according fo the criferia of NORSC,
CLASSTRICATION: Glassified 25 a dangerous good UN 2796 accarding to the criteria of ADG Code (s¢e section 14).

O

Classified as schedule 6 according fo the criteria of SUSDP (see section 15).
HAZ@RD CATEGORY! C - Corrosive

RISK PHRASES: R35-- Causes severa bums.
R41 - Risk of serious damage lo eyes.

SAFETY PHRASES: 5172 — Keep Incked up and out of the reach of chifdren.
$24£25 - Aveid cantact with eyes and skir, '
$26 — In case of contzct with eyes, finse immediately with plenty of waler and seek medical advice.
530 - Mever add water ta this product (aiways add product to water).
536137139 — Wear suitable proteciive clothing, gloves and eyelface profection,
$45 —tn case of aceident or if you feel unwell, seek medical advice immediately (show the [abel
whenever possibla),

Tha information contained in this MSDS s specific fo the procitet when handied and esed neal. This product when dlided may not require the
same control measures as the neal produch, Check with your techinical representative if in dolbt,

| 3. COMPOSITION / INFORMATION ON INGREDIENTS

INGREDIENT CAS No. PRbPORTION (% wiw}

The Ingredients below are considered either hazardous, dangerous geods or poison Scheduled atcarding fo the crifaria of NOHEC, ADG
Code and SUSDP {respectively} at the lavels used in tha product.

Sulphuric Acid 7664-93-9 50%

The ingredien!s hetow are nof considered either hazardots, dangerous goods or polson stheduled sceording 1 the enteria of NOHSG,
ADG Code and SUBDP fraspectively) al the fevals ssed in the product.

Water 50%

Product Name:  SULPHURIC ACID §50% Page: 1of8
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MATERIAL SAFETY IDATA SHEET

| 4. FIRST AID MEASURES
INGESTION: For gdvice, contact a Polgons Infonmatian Centre (Phone Australia 131126, New Zealand
0800 7564 766) or a docior. If swellowed, do NOT induce vamiting.
EYE CONTACT: If in eyes, hold eyelids apart and flush the eye continuously with running water. Continue flushing
_ untll advised to stap by the Poisons information Cenire or a doctor, of for at least 15 minutes,
SKIN CONTAGT: {f skin or hair contact ocows, remove contaminaled dothing and fush skin and hair with running
water. Continue flushing unill advised fo stop by the Peisons Information Centre or a dottor.
INHALATIGN: Remova from source of exposuns to fresh air, Szek medical assistanca if the effects parsist,

** SHOW THIS SAFETY DATA SHEEY T0 A DOQCTOR **
FIRST AID FACKLITES:  Potable water should be avaifable io inse eyes or skin, Provide eye baths and safefy showers.
NOTES TO PHYSICIAN:  Traat symplomalically. Can cause comeat bums.

| 5. FIRE FIGHTING METHODS

SUITABLE EXTINGUISHING MEDIA; Water spray, foam, carbon dioxidle or dry chemical powder.
HAZARDS FROM COMBUSTION: The product is nan-combustible but will support combystion of other matedals and
O may emit foxic fumes including those of sulphure acld fumes and sulphar dioxide.

The packaging matedal may burn to emit naxious fumes. Reatts with most
tommon metals fo [herate hydragen which can form explosive mixtures with air.

PRECAUTIONS FOR FIRE FIGHTERS AND  Fire fighters shoutd wear self-contained breathing apparafus and acid-resistant
SPECIAL PFROTECTIVE EQUPMENT: chemical splash unit o minimise risk of expnsure.

HAZCHEM CODE: 2R
6. ACCIDENTAL RELEASE MEASURES

EMERGENCY Spiliages are slippery. Ensure adequate ventifation, work up wind or increase venfilation. Keep

FROCEDURES: spectators away — rope off the area. Avoid accidents, clean up iImmediately. Wear protective equipment
to prevent skin and eye confaminafion and inhalation of mists.

METHODS AND Contain the spill and prevent run off info confined areas, drains and walerways.

MATERIALS FOR Absorb with dry earth, sand or other non-combustible materal, Neulralise with lime or soda ash. Use

CONTAINMENT AND  clean nan-spasking tools io collect and seal in properly labelled drums for disposal in an area approved

CLEAN UP: by logal autharity by-laws, Wash area down with excass waler to remaove residual material. :
Incineration of disposed maferial is not recommended, as it is unlikely to adequately bumn,

| 7. HANDLING AND STORAGE

PREGAUTIONSFOR  Keep containers closed at all imes - chedk regulady for leaks or spils. “Transport and store upright.
SAFE HANDLING: Addifion to water releases heat whith can resuit in viclent beiling and splattering. Always add slowly and
C‘ in small amounts. Never add waier 1o 2¢ids - always add acids to water.

Avoid eye ¢onfact and repeated or profongad skin contact and breathing in mists. Do not eat, diink or
smoke in contaminated arsas, Always remove contarinated clothing and wash hands before eating,
drinking, smoking or using the toilel, Wash contaminated glothing and other profeciive equipment before
glorage or reuse.

CONDITIONS FOR Siore in the original contalner, ina cool, dry, wal-ventilaled area out of sunlight and away from heat,

. SAFE STORAGE: organic materials, reducing agents and other combustible materials, incompatible materials and
fondstuffs, ’
Keep conlainars closed when not in use fo ensure contaminalion daes not ogcwer- check regulary for
» leaks, Oo not combine par drums of the seme praduct, as this may be a source of contaminafion. Do

not mix with ather chemicals. Keep dry ~ reacts with water; may lead fc drum rupture,
This materinj is a Schaduled Polson S6 and must b stond, maintained and used in accordance with
the relevant regulations.

et

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

NATIONAL EXPOSURE No value assigned for this specific material by NOHSC, however as pubfished by NOMSC:
STANDARDS! TWA. for Sulphuric Acid = 1 mgim® S.T.EL for Sulphuric Acid = 3 mgim®
BICLOGICAL LIMIT VALUES: No biological {imif allocated.

ENGINEERING CONTROLS! Ensure ventilation s adequate fo maintain alr concentrations befow Expasure Standards.
if inhalafion risk exists then use with local exhaust veniilation or while wearing suitabie
resplrator. Keep containers closed when not in use.,

Product Name: SULPHURIC ACH 50% Page:  2of5
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MATERIAL SAFETY DATA SHEET

PERSONAL PROTECTIVE
EQUIPMENT:

Protective eguipment must be wom st all tmes, Risk assessrnents should always be conducted
1o identify the hazards and i turn determine the appropriate personal protective equipment for
the hazard,

Protective gloves: elbowdsngth laminzte film, nitdle, natural rubber, neoprene,
nenprene/natural whber blend or PVC impervious gloves. Always check with the glove
manufaciurer or your personal profective equipment supplier regacding the comect type of glove
to use. Consult AS/NZS 2461 for fudther information.

Eye profection; safely glasses/goggles with sids shigld protestion ardlor full-face shisld,
Consult ASINZS 1336 and AS/NZS 1337 for further information,

Clothing and foofwear. waterproofl apron, coverals, trousers, fong sleeved shid, closed in
shoes and/or safety footwear. Consult AS/NZS 2210 and ASINZS 2918 for further information.

Respiratory Protection: Avold breathing mist, sprays or vapours, Where venfilation is not
adequafe, respiratory protection may be required.  Any alrpurifying respltator with an asid
gases and vapour fiiler or any chemical carlridge respirator with an acid gas cartridge(s)
providing protection apainst the compound of concern mesting the mequirements of ASINZS
1716 and ASINZS 1718,

I 9. PHYSICAL AND CHEMICAL PROPERTIES:

APPEARANCE: Clear to sfighlly hazy, coloutless, viscaus, heavy liquid.
ODOUR; Qdourless.

PH (NEAT): <1

SPECIFIC GRAVITY OR DENSITY: 1.40

VAPOUR PRESSURE: <Q.00immHg

PERCENT VOLATILES: Approx. 50% wiw

BOILING POINT / RANGE: No information avafiable.

FREEZING / MELTING POINT: | Na information avallable. )

SOLURILITY: The procuct is water based and is fully solubile in water.
FLASH POINT: Mo known fire hazard.

FLAMMABILIYY LIMITS! No information avallable.

IGNITION TEMPERATURE; No information available,

SHELF LIFE: 2 yaars from manufacturing date {when stored as directed).
OTHER: None,

| 10. STABILITY AND REACTIVITY

GHEMICAL STABILITY:
CONDITIONS TO AVOID:

INCOMPATIBLE MATERIALS:

Stablz under aormal conditions of uge. The shelflife is 2 years.
Do nol combine part drums of the same groduct, as this may be a source of
cartamination.

Alkalis, organic materials, aluminium and alloys, cast iron, brasses, fin ar zinc
coated metals, strong oxidising and reducing agents,

HAZARDOUS DECOMPOSITION FRODUCYS:  The packaging raleral may bum to emit noxlous fumes,

HAZARDOUS REAGTIONS:

Reacts violently with alkalis with evolution of heat. Reacts violantly with water
ard organis malerials with the evolution of heat, Sulphuric acid is a strong
owidising agent and reacts violenty with corbustible and reducing materials,
Garrosive to many metals with the lberation of extremely flamimable hydragen
gas.

11. TOXICOLOGICAL INFORMATION

No adverse heaith effects expactad if the product is handied in accordance with this Safety Data Shest and the product label.
Symptoms or effects that may arisa if the product is mishandied and overexposuns occrs are:

ACUTE EFFECTS

INGESTION: Swaliowing can result In nalisea, vomiting, diarthaea, abdoraimal palin and chiemical burs ta tha
gastrointestinal tract.

EYE CONTACT! Corrosive o eyes and may injure the: comea, Contamination of eyes can resultin permanent infury.
Symptoms include stinging, fearing, redness and swelling of eyes.

SKIN GONTAGT: Corrasive to skin - may cause skin bums. May not produce an immedlate burning sensation upon

contact, defaying the awareness that contact hag ocourred. Symptoms may include redness,
buming, and swelling of skin, burns, and other skin damage.

Prodict Name: SULPRURIC ACID 50% Faga; 3ofs
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INHALATION:

LONG TERM EFFECTS!

MATERIAL SAFETY IDATA SHEET

WMist and vapours are carresive and dangerous. May irritate or cause tissue damage ta respiratory
system.

Na infarmation available for the produst.
Forthe cemponent Sulphurie acid: Repeated overexposure may lead to chronis conjunstivitis, lung

damage and dental erosloh. The International Agency for Resesrch on Cancer (IARC) have
concluded that nccupational exposbre to strong inorganic acid mists containing sulphuric aoid is
carcinegenic to humans, causing cancer of the larynx and to a lesser exient, the lung. No direct link
has been established with sulphuric acid, tself, and cancer in humane. Exposura to any mist of
aerosol during the use of this product should he svoided and exposure should not exceed the
exposura standard. (1)

ACUTE TORIGITY / No toxicity data for this specific product, however toxicity data for the hazardous ingredient is fister

CHRONIG TOXIGITY! helow,

Toxitiy Dava £0r SULPHURIC Asin:
Oral 4.Dg (ral) 2140 myikg Inhalation LCyq (rat) 510 mafm®2h
Unreported Route LDLo (man) 136 mgikg  Eve Liitation (Rabbif) 5 mgf30S rinse (Severa)

| 12. ECOLOGICAL INFORMATION

ECOTOXICITY:

Avold contaminaling watervays. The product Is highly acidic, If large spills occured &
water pH drop could be responsible for an envirenmental effect en aquatic organisms,

Ecoroxicmy DATA FOR SULPHURIC ACID:

Mosoquito fish LCsq 42 mg/tJS6hr Shore Grab LCgy 70 - 80 moflJ48hr
Hoaknoss fish LCs, 80-90 mg/L/4Bhr Coclde LCxy 200 - 506 mg/i48hr
PERSISTENCE AND DEGRADABILITY:  Not relevant.
MOBILITY: No information available.
OTHER: None.
13. DISPOSAL CONSIDERATIONS —I
DISPOSAL METHORS: Empty confainers should be forwarded to an approved agent for recycling, Avold
unauthorised discharge to sewer.
SPECIAL PRECAUTIONS FOR The product is suitable for disposal by landfilf fhrough an approved agent. Incineration of
LANDFILL OR INGINERATION:. the produet is not recommended, as it I unlikedy to adequately burm,
| 14. TRANSPORT INFORMATION
ROAD AND RAIL TRANSPORT: Classified as Dangerous Goods by the criteria of the Australian Dangerous Gonds
Code (ADG Code) for transport by Road and Rail.
UN NUMBER: 2798
UN FROPER SHIPPING NANE: SULPHURIC ACID with not more than §1% acid or BATTERY FLUID, ACID
CLASS AND SUBSIHARY RISK(S): 8
FPACKAGING GROUP; I
HAZCHEN CODE; 2R
INITIAL EMERGENGY RESFONSE SUIDE:  .Guide 37

SEGREGATION DANGEROUS GOODA:

MARINE TRANSPORT:

LN NUMBER:

UN PROPER SHIPPING NAME:
GLASS AND SUBSIDIARY RISK(S):
PAGKAGING GROUP:

STOWAGE AND SEGREGATION:

ot to be loaded with explosives (class 1), dangerous when wet substances (tlass
4.3), ovidising agems (class 5.1), organic perewides {class 6.2}, radioactive
substances (class 7), corrosives (slrong alkalls of class 8), foodstuffs and fondstuff
emplies, however exemptions may apply.

Classified as Dangerons Goods by the crileria of the Internationat Maritime
Dangerous Goods Cods (IMDG Code) for fransport by sea.

2788 o

SULPHURIC ACID with not more than 51% acid or BATTERY FLUID, ACID
g .
Hi

Category B

Product Name:  SULPHURIC ACID 50%
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MATERIAL SAFETY DATA SHEET

AIR TRANSPORT: C[assuﬁed as Dangerous Goods by fhe criteria of the International Air Transpmt
. Association (IATA) for transpart by air.

UK NUMBER: ares

UN PROPER SHIPFING NAME: SULPHURIC ACID with not more than 51% acid

CLASS AND SUBSIDIARY RISK{S) &

PACKAGING GROUP: i

ERG CODE: 8L

15. REGULATORY INFORMATION

POISCNS SCHEDULE {AUST.): B

APVMIA BTATUS: Not relevent,

TGA 8TATUS: Not relavant.

AICS STATUS! All the constituents of this product are listed.
AQIS STATUS: Not relevant.

DTHER: Wone.

~ | 16. OTHER INFORMATION

GENERAL INFORMATION:  This product /s a strang acid. Use good industrial iygiene.

MS0S ISSUENUMBER: 001 :

MSDS ISSUE DATE: 29 June 2609

In any event, the review and, if necessary, the re-issue of a MSDS shiall be no longer than § years affer the last date of issue,

REASON{S) FORISSUE!  Updale to conform to requitemenis of NOHSC:2011{2003); 16-header format.
THIS ISSUE NUMBER REPLACES ALL PREVIOUS ISSUES.

LITERARY REFERENCE:
SOURCES FOR DATA? {1} International Agency for Rasearch an Gancer. In: “JARC Monographs on the Evaluafion of
Carginagenic Risk to Humans'. World Health Organisalion, 1852,

LEGEND:
AICS Auslralian Inveniory of Chemical Substances
APVMA Australian Pesticides and Veterinary Medicines Authprity

| AGIS Ausiralizn Quarantine and inspection Service

~ AS Ausiralian Standard {as issued by Standatds Australiay) .
(_ J ERP Code | Emergency Response Drill Gode as found it fhe ICAO (International Givil Aviation Organisation) Dae 3481

MSDS Materlal Safety Daty Sheat
NOHSC Matioral Qcoupational Health and Safely Commissian
STEL Sheri Term Exgosure Limit - A 15 minute TWA exposure which should nof be exceaded at any time during 2

working day even if the eight-hour TWA averags is within the TWA exposure standard. Exposures atthe STEL
showld not be longer than 15 minufes and ahould not ba repeated more than {our times per day. There should be
ot legst 60 minutes between sucoasgive exposuras atthe STEL,

TGA Therapsutic Geads Administration

TV Thrashold Limit Value - TLV is a propristary name registered by the Amercan Conferenca of Govemmental
Industrial Hygienlsts [ACGTH) and refers to aitborna concentrations of substances or levels of physical agenls to
which it is helieved that nearly all workers mav be repeatedly exposed day after day withput adverse effest.

TWA - | Tima \Weighted Average ~ The average aithame concentration of & particufar substance when caleulated over a
narmal sighi-hour working day, for a flve-day working week.

This MSDS has beon prepared from current techinicad dala and summarises af the data of Issue our best knowledge of the haafth and safaly
information of the preduct, and in particuiar how to safely handie and uze the groduct in the workpface,

W clarification or further informatian is neaded (o ensure that an appropriate assessment can be mads, the user shoutd contect this company.

Qur responsiliiity for praducts sold s sulject to our standand ferms and condiffons, a copy of which f2 senf to owr cusfomers and is also
avaifable upon request.

This MSDS may oriy ba repmduoedm full Summarigs orexcerpts (rom this MSDS may nef contain aif the refevent information and thus are
nol permitied.

End of I5DS

Product Name; SULPHURIC ACID 5(°: Pager Sofs§




APPENDIX 3
Marinova Paper
Pilot clinical study to evaluate the anticoagulant activity of fucoidan
M. R. Irhimeh, J. H. Fitton and R. M. Lowenthal
Blood Coagulation and Fibrinolysis 2009, 20{7}, 607 — 610.

MARINOVA

i alete



JUL

Short communication 607

19 7010

Pilot clinical study to evaEuate the antlcoagulant activity

of fucoidan

Mohammad R.-Irhimeh®?, J. Helen Fitton® and Ray M. Lowenthal®

Seaweed-derived heparin-like substances such as fucoidan
have been extensively studied in vitro as potential blood
anticoagulants. However, there have been no human
studies investigating the anticoagulant activity of fucoidan
when administered orally. This pilot clinical trial was aimed
to assess the safety and clinical effects of fucoidan
ingestion on hemostasis as well as study its in-vitro
anticoagulant activity. In a single-blinded clinical trial, a total
of 20.-human volunteers were allocated to both the placebo
group (n=10) who ingested 3g of guar gum capsules and
to-the active treatment group (n = 10) who ingested 3g of
75% fucoidan capsules for 12 days. Platelet indices,
activated partial thromboplastin time, antithrombin-lll,
thrombin time, prothrombin time, and antifactor-Xa were
-analyzed according to standard methods. In vivo, activated
partial thromboplastin time increased from 28.41 to 34.01 s
(n=10, P=0.01), thrombin time decreased from 18.62 to
“17.56s (n=10, P=0.04), and antithrombin-lll increased
from 1135 to 117% (7= 10, P=0.03). The in-vitro fucoidan
anticoagulant activity was found prominent. It increased
activated partial thromboplastin time, thrombin time, and
_prothrombin time, whereas antithrombin-1ll decreased.

Introduction

Many marine algal extracts possess anticoagulant proper-
ties. About 130 species representing three major divisions
of marine algae have been reported to have blood anti-
coagulant activides [1] with a greater incidence of anti-
coagulant activity in extracts from the Phacophyta [2].

The anticoagulant activiey of brown marine algae is attrib-
uted to ‘fucans’, a class of sulfared fucose-rich carbo-
hiydrates, which includes fucoidin, fucoidan, ascophyllan,
sargassan, and glucuronoxylofuean [2]. The most active
fucoidan fractions have high fucose content and the throm-
bin inhibition activity of these fractions exceeds that of
heparin [3]. Fucoidan activity is related to its capacity to
catalyze the inhibition of thrombin by its natural inhibitors
antithrombin and heparin cofactor-1I [4,5].

Like heparin, fucoidans are not homogenous substances.
"T'he Undaria pinnatifida facoidan is a galacrofucan sulfate
with an average molecular weight of approximately
713kD. The type of linkage is 1.-Fucose linked 13
and 1—4, and C-2 or C-4 is sulfated.

The widely used naturally occurring anticoagulant
keparin has several side effects such as development
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In-vivo effect of fucoidan on hemostasis was not obvious
probably due to low intestinal absorption. Thus, fucoidan.in
the form used in this study does not seem to have an oral
anticoagulant activity, but It has a very strong in-vitro
anticoagulant activity. Blood Coagul Fibrinolysis 20:607-
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of thrombocytopenia [6,7], hemorrhagic effect [8,9], inef-
fectiveness in congenital or acquired antithrombin
deficiencies, and incapacity to inhibit thrombin bound
to fibrin [10,11]. It is extracted from pig intestine or
bovine lung, posing a risk of zoonoses and potential
ethical issues, highlighting a need for alternative antic-
oagulant and antithrombeotic therapies, especially ones
that are orally available.

Materials and methods

Human volunteers

Twenty healthy human volunteers of either sex aged
between 23 and 58 years (average 40) were chosen after
advertising and meeting the study criteria. All volun-
teers were nonsmokers with no history of thyroid
abnormalities or sulfur allergy and had not received
any medication in the 30 days prior to commencing
the study and had not taken food supplements, seafood,
or food containing secaweed-derived products in the
7 days prior to commencing the study and during the
study. Informed consent was obtained from all volun-
teers after human ethics approval was obtained from the
Scuthern Tasmania Health & Medical Human Research
Ethics Committee and the Royal Hobart Hospiral
Research Ethics Committee.

DOE10.1097/MBC.000 130328331 35
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The clinical trial is a single-blinded clinical phase /il
trial using a single dose of either guar gum fiber as a
placebo treatment or seaweed extract containing 75%
fucoidan as an active treatment. Volunteers took 3 g of the
treatment three rimes daily (t.i.d.) for a period of 12 days.
Venous blood samples were collected from volunteers
using citrate and EDTA anticoagnlant-containing tubes
for different tests.

Preparation of capsules

The study fucoidan is a highly sulfated, polyanionic
soluble fiber derived from 'Tasmanian U. pinnatifida
(Marinova Pty. Ltd., Hobart, Tasmania, Australia) using
Maritech extraction process. It is an off-white powder
containing less than 10% (w/w) moisture, 24.76% fucose,
20.35% galactose, 29.07% sulfate, 2.19% protein, no
mannose and 7% bound ions. For placebo, we chose a
neutral nonsulfated dietary fiber derived from guar gam
(Novartis Pty. Ltd., Mulgrave, Victoria, Australia}, The
fucoidan and guar gum capsules were prepared as
described previously [12].

Complete blood count and plasma level of fucoidan
Complete blood counts were obtained for all volunteers
hefore and after taking the fucoidan using an auto-
mated cell connter (CELL-DYN 4000 System; Abbott
Laboratories, Santa Clara, California, USA). Fucoidan
concentration in plasma was measused using the 1B1
antibody, raised against sulfated polysaccharides,
according to the competitive enzyme-linked immuno-
sorbent assay (ELISA) method that was described
previously [12].

In-vitro experimenis :

For the in-vitro study, 1g of 75% fucoidan extract was
dissolved in 10 ml pooled normal plasma (PINP) to pre-
pare a stock solution at 100 000 mg/l. Then the fucoidan
stock solution was diluted with PNP to make serial
dilations ranging from 0 to 50000 mg/l.

Coagulation tests

All tests were performed on the Sysmex CAG000 (Sys-
mex Corporation, Kobe, Japan) automated instrument
using citrated plasma samples. According to the manu-
facturer’s specifications (Dade Behring, Marburg,
Germany), the following tests were performed. The
activated partial thrombaoplastin time (aPT'T) was deter-
mined using Dade Actin FSL activated P'F'I" reagent.
The antichrombin-T1T (AT-III} was determined using
Berichrom Antithrombin-III (A). The thrombin time
was determined using thromboclotin assay kit. Antifac-
tor-Xa (anti-Xa) was determined using spectrolyse
heparin (Xa) (Trinity Biotech ple, Bray, County
Wicklow, Ireland). The prothrombin time (PT) was
quantitatively determined wusing RecombiPlasTin
{Instrumentation Laboratory Company, Lexington,
Massachusetts, USA).

Statistical analysis

The fucoidan standard curve was constructed using mean
and SD. To calculate the fucoidan concentration in the
plasma, triplicate readings were averaged and subtracted
from the average blank readings. Statistical parameters
were caleulated using Microsoft Office Excel (Microsoft,
Redmond, Washington, USA) and SPSS (SPSS Inc,
Chicago, Illinois, USA).

Resulis ‘

In-vitro hemostasis activity of fucoidan

It was observed that 75% fucoidan has a very strong
hemostasis effect (Table 1), It prolonged the aPTT time
from 30.8 s for control to 172,55 at 63 mg/l. There was no
detectable clot formartion for concentracions higher than
100 mg/l. 'The thrombin time was also prolenged but at a
higher rate in which it was 15.2 s at baseline and went up
to 240.1s at 15.6 mg/fl and then no clot was detected at
higher concentrattons.

Low concentraticns {ranging from 7.8 to 63 mg/l) of the
75% fucoidan had no effect on PT, but at 125 mgfl, the
PT began to increase. The prothrombin ratio [inter-
national normalized ratio (INR} was also affected and
it increased but not constantly reflecting the changes in
the PT. "T'he AT-III decreased with the fucoidan treat-

" ment from 108% for control to 89% at 10000 mg/l, Inter-

estingly, the 75% fucoidan at high levels (10000—
50 000 mg/l} had a strong effect on anti-Xa assay, whereas

at low levels the effect was not obvious,

In-vivo hemostasis activity of fucoidan

Significant changes were noted in the volunteers’ aP'T'T,
thrombin time, and AT-IIT tests after fucoidan ingestion,
In the active treatment group (z=10), the aPTT
increased from 28.41s at baseline to 29.29, 30.15, and
34.01s after 4, 8, and 12 days (£ =0.01), respectively. In
the placebo group (2= 10), aPTTs were 27.7, 27.5, 27.2,
and 27.2s at 0, 4, 8, and 12 days, respectively. Thrombin

Table1 The in-vitro effect of 75% fucoidan on different coagulation
assays

75% fucoidan aPTT TE AT-l PT PR Anti-Xa
{mg/l} (s} (s} {%0) (s) (NR) . (Ul/ml}
0 (PNP) 30.8 15.2 108 12.8 1.05 0.78
7.8 40.8 124.9 116 11.3 .94 0,76
15.6 53.5 240.1 120 11.4 095 0.76
31 85.9 240.1 120 12.6 1.05 0.77
63 1725 240,1 17 14.2 1.18 0,78
125 3490.1 240.1 120 18 1.5 0.78
260 340.% 240,1 118 26 217 0,79
500 340.1 143.3 115 45.4 3.78 0.78
1000 340.1 240,1 114 120.1 10.01 0,80
5000 340.1 240.1 132 120.1 10,01 0.80
10000 3401 240.1 89 120.1 10.01 0.85
25000 340.1 240.1 63 120.1 10,01 0.52
50000 340.1 240.1 40 120.1 10.01 0.87

Fach value in the table represents the average of three independent duplicate
experiments. aPTT, activated pariial thrombaplastin time; AT-IlI, antithrombin-IiT;
INR, international normalized ratio; PNP, pooled normal plasma; PR, prothrombin
ratio; PT, prothrombin time; TT, thrombin time.
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Table2 Different coagulation tests’ results for healthy volunteers who ingested 2 g of guar gum as a placebo group or 3 g of 756% fucoidan

TT Ref AT Ref PT time Ref PR {INR) LiivwH
(14-17)s (80—140) % (11-13)s Ref <1.2 (Anti-Xa activity)
Placebo volunieers Baseline 16.23+0.22 118 +4.13 11.884+0.28 0.97+0.03 0
4 Days 16.264+0.17 118+£3.01 11.9510.26 0,.981+0.03 Q
" 0 i0 10 16 10
Fucoidan-treated volunteers Baseline 18,621+0.49 113.54:2.81 11.54+0.17 0.95+0.02 0
4 Days 17.55 + 0.89% 17 +£207% 11.864+0.17 0.96+0.02 0
" 10 10 10 10 10

Readings are average +mean SE. AT-li, antithrombin-Ili; INR, international ndn*na!ized ratio; LMWH, low-molecular-weight heparin; PT, prothrombin time; Ref, reference;

TT, thrombin time. * P value <0.05.

time decreased significantly from 18.62s at baseline to
17.55s after 4 days (#=10, £=0.04), and in contrast to
the in-vivo data AT-III increased significantly from
113.5% at baseline to 117% after 4 days (=10,
P=0.02; Table 2). We did not look at the thrombin time
and AT-III levels after 8 or 12 days of capsules ingestion,
For other parameters, PT and prothsombin ratie (INR),
nonsignificant changes were noted and antifactor-Xa was
not affected under the implemented trcatment con-
ditions (Table 2).

In comparison with the placebo group, there were no
significane changes in any of platelet indices when volun-
teers ingested the 75% fucoidan daily for up to 12 days.
The placebo group (2=10) baseline reading and readings
after 4, 8, and 12 days were for platelet count 327, 333,
313, and 306/nl; for the mean platelet volume (MIP'V)
8.96, 8.77, 8,79, and 8.521l; and for the platelet diswi-
bution widech (PDW) 16.23, 15.87, 16.00, and 16.10,
respectively, whereas the 75% fucoidan-group {7 =10)
baseline reading and readings after 4, 8, and 12 days were
for platelet count 280, 279, 285 and 285 /nl; for the MPV
8.29, 8.29, 8.09 and 8.004; and for the PDW 16,07, 15.90,
15.81, 16.03, respectively,

Detection of plasma level of fucoidan after oral
administration

After ingesting the capsules, the median concentration of
fucoidan in volunteers’ plasma for the placebo group was
0.17 mg/l [confidence interval mean (CIM) 0.02; z=10],
whereas it was 13.06 mg/l (CIM 0.03; -#=10) for the
fucoidan-treated group.

Discussion

In this study, orally administered fucoidan prolonged the
aPTT from 28.41s at baseline to 34.01s after 12 days
{7=10, P=0.01; average change at 5.6s), which indicates
that fucoidan may alter a specific parc of the intrinsic
coagulation pathway. The significant changes in throm-
bin time and A'T-I1 are consistent with this. aPT'T may
also detect severe functional changes in factors 11, V, X, or
fibrinogen. It has been widely used to monitor the effec-
tiveness of heparin therapy. lXngelberg [13] has shown
that there was a small significant effect on aPT'T aver-
aged at 2.3s after administering 20000 units of oral
heparin to 45 humans. Hiebert e @/ [14] have also

observed in an HIV human trial an increase in the aP'T'T
levels after long-term oral administration of dextran
sulfate (8000Da, 1pg four times daily). These obser-
vations arc of a similar magnitude to those noted in this
study with oral fucoidan. The small increase in aP'T'T' ts
unlikely to be clinically valuable for acute therapeutic
use, but there are implications for possibly including this
algal extract in the diet in an ongoing manner,

Orally administered heparin had antithrombotic activity
between 50 and 100% in rat models [15]. This was associ-
ated with the presence of about 1% of the orally adminis-
tered heparin dose in plasma. Similarly, our findings
indicate that the average level of fucoidan in plasma was
0.3% of the oral dose with plasma levels of about 13.06 mgfl
{121, Itis possible that fucoidan has heparin-like action (i.e.
to prolong aP'T'Y via anti-Xa and anti-Ila activity).

Circulating levels of factors I, VII, XTI, and X are depres-
sed in patients receiving oral anticoagulants [16]. fx vive,
there was a nonsignificant increase in the PT. This

finding may suggest that fucoidan in the dose used

may have little effect on the extrinsic mechanism of
coagulation, including no effect on the activity of factors
I, I1, V, VII, and X. The clinical trial showed no effect of
the fuccidan on the anti-Xa assay; however, the in-vitro
assay showed that fucoidan at high levels (>10mg/ml)
has an effect on anti-Xa assay. "This may suggest that the
major mechanism of action is with thrombin rather than
factor Xa, which may provide an insight into the mech-
anism of action of fucoidan.

The in-vitro assays in this study showed that fucoidan has
the ability to decrease the AT-1I1 assay in a concen-
tration-dependent manner, The in-vitro thrombin time
assay showed that the fucoidan has the ability to alter the
last pare of the coagulation pathway in a concentration-
dependent manner, Prolonging of thrombin time is also
seen with heparin therapy and in patients with dysfibri-
nogenemia or fibrinogenemia. The increase in the throm-
bin time iz vitro may reflect an inhibitory effect on
fibrinogenolysis, which is not seen in vive.

Indeed, the thrombin time, the most sensitive assay to
fucoidan iz vifre, actually shortened following oral admin-
istration. This indicates that fucoidan has the ability to
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interfere with the final stage of the coagulation process.
Fibrinogen levels were not tested in this study however
the results from the in-vitro study may indicate that
fiicoidan interferes with ¢he fibrin production, thereby
preventing the formaaon of the clot or inhibiting throm-
bin-mediated conversion of fibrinogen to fibrin. The
discordance between the in-vivo and in-vitro results
suggests that the circulating material measured as fucoi-
dan might have lacked a significant proportion of its
anticoagulant activity.

We did not observe an cffect of the fucoidan on blood
platelet count, but an effect on platelet aggregation has
not been excluded. Studies have shown that fucoidans
can cnhance platelct aggregation #u vitro. However, this
effect was found to depend on the fucoidan molecular
weight [17]. Another study on baboons found fucoidan to
be a potent inhibitor of platelet aggregation in vive [18].
Platelet function and fibrinolysis have not been assessed
in this study.

In conclusion, this study demonstrated that a small
quantity of bioavailable fucoidan, given orally, had a
medest but significant effect on some of the coagulation
assays, in particular, the intrinsic pathway. Changes in the
coagulation tests were still within reference ranges and
unlikely in themselves to be ‘clinically valuable’. How-
ever, this study demonstrates the potental of a more
bioavailable form of oral fucoidan or for subcuraneous or
intravenous forms.
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Objective. Transplantation of hematopoietic progenitor stem cells (HPC) is an important
treatment modality for a variety of neoplastic diseases, HPC collection for transplantation
with granulocyte colony-stimulating factor may be unsuccessful in patients who have received
prior chemotherapy or for other reasons. Methods fo improve mobilization of HPCs are re-
quired. Disruption of the interaction between the cell surface receptor CXCR4 and its ligand
stromal derived factor-1 (SDF-1) is a mechanism for HPC release from the bone marrow into
the peripheral blood (PB).

Methods., We carried out a clinical trial io evaluate the effects of ingestion of a fucoidan, gal-
actofocan sulfate (a putative HPC mobilizing agent) on circulating CD34" cells, CXCR4
expression, and levels of SDF-1, interferon gamma (IFN-v) and interlenkin 12.

Results. Following ingestion of fucoidan, CD34* cells increased significantly in the PB from
1.64 to 1.84 cells/pL after 4 days. The proportion of CD34" cells that expressed CXCR4
inereased from 45 to 90% after 12 days, the plasma level of SDF-1 increased from 1978 to
2010 pg/ml., and IFN-y level increased from 9.04 to 9.89 pg/mL.

Conclusion. Oral fucoidan significantly amplified the CXCR4" HPC population. The ability
to mobilize HPC using sulfated polysaccharides and mobilize more HPC with high levels of
CXCRA could be clinically valuable. © 2007 International Society for Experimental Hema-

tology. Published by Elsevier Inc,

Autologous transplants of hematopoietic progenitor stem
cells (FPC) are used to treat a variety of neoplastic and
other diseases, HPC can be mobilized from the bone
marrow (BM) niche into the peripheral blood (PB) via the
administration of granulocyle colony-stimulating factor
(G-CSF) or other agents such as AMD3100 or fucoidan,
The mechanisms for the mobilization may include modula-
tion of serine proteases, metalloproteases, and of stromal
derived factor-1 (SDFE-1)-CXCR4 interactions [1]. 7
The success of subsequent engraftment may be associ-
ated with the expression of the receptor CXCR4 on
CD34" HPC. This effect can be observed both clinically
[2] and experimentally [3,4]. Mobilization of adequate
amounts of HPCs including CD34% CXCR4 ™" is not always
successful. Failure to achieve sufficient mobilization can
occur in patients who have received multiple cycles of
chemotherapy or for other, unknown reasons.

Offprint requests to: Mohammad R. Ithimeh, Discipline of Medicine,
University of Tasmania, Hobart 7001, TAS Australia; E-mail: mirthimeh@
utas.edu.au

Previous research has shown that intravenous (IV) fucoi-
dan has a pronounced and extended mobilizing effect on
HPC in mice and on nonhuman primates {5-8]. This effect
is postulated to be the resuit of dissociation of the chemo-
kine SDF-1 from the BM stroma, creating an aftractive
gradient into the peripheral circulation. Disruption of the
interaction between the CXCR4 and its ligand SDF-1
is one of the mobilizing mechanisms also common to
G-CSF [9] and newer agents such as AMD3100 [10,11].

Fucoidan is a generic term for the sulfated, fucose-rich
polysaccharides derived from brown macroalgae [12] or
echinoderms [13]. In animal models, ingestion of fucoidan
has inhibitory effects on tumors, which appear to be associ-
ated with a rise in interferon-gamma (IFN-v), interleukin-
12 (IL-12), and stimulation of innate immunity [14-17].
In vitro treatment of BM mononuclear cells (MNCs) with
IFN-y can upregulate the expression of CXCR4 granulo-
cyte precursors and monocytes [17].

Despite the available literature evidence that IV fucoi-
dan had an effect in tumor animal models and mobilization
of HPC, there are no reporis to date about the clinical use of
oral fucoidan to modulate or mobilize HPC. Although

0301-472X/7 $-see front matter. Copyright © 2007 Internationai Society for Experimental Hematology. Published by Elsevier Inc.

doi; 10,1016/j.exphem.2007.02.009
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fucoidans synergize with G-CSF to increase mobilization
11 times over G-CSF alone in primates, to date no clinical
trials in patients have been reported. In this study, we exam-
ined the effects of orally ingested Undaria pinnatifida fu-
coidan on the PB stem cells, the expression of CXCR4,
and plasma levels of SDF-1, IL-12, and [FN-y.

Materials and methods

Human volunteers

In a single-blind, randomized, placebo-controlled clinical trial, 37
nonsmoker volunteers of either sex were divided into three groups
after giving informed consent and after human ethics approval was
abtained from the Southern Tasmania Health & Medical Human
Research Fthics Committee. As placebos, six volunteers fook 3
¢ of guar gum. Another six volunteers took 3 g of whole Undaria
containing 10% w/w fucoidan, and another 25 volunteers took 3 g
of 75% wiw fucoidan daily for 12 days. All volunteers took three
capsules {0.33 g each) three times a day. During the study time,
volunteers were asked not to eat any seafood, seaweed-derived
products, dmgs, or food supplements. Blood samples were
collected as described later.

Preparation of capsules

Fucoidan is a highly sulfated, polyanionic soluble fiber dertved
from Tasmanian Undaria pirnatifide by Marinova Pty. Ltd.
{Hobart, TAS Australia}. We chose a neutral nonsulfated dietary
fiber derived from guar gum as a placebo (Novartis Pty. Ltd., Mul-
grave, VIC Australia). The capsules were prepared as described pre-
viousty [15]. The structare and the therapeutic characteristics of
these compounds have been described previously [12,14,15].

Coliection of blood samples

‘Venous blood from the antecubital vein from the three groups of
volunteers was collected using ethylencdiamine-tetraacetic acid
(EDTA) tubcs. Plasma samples (platelet poor for SDE-1 assay)
were collected and stored in aliquots at —80°C within 30 minutes
of collection for later analysis. Complete blood counts were ob-
tained using an automated cell counter (CELL-DYN-4000 System,
Abbott Lab, L, USA).

Flow cytometry analysis

The expression of different surface membrane markers on normal
human PB HPCs was evaluated by tfluorescein-activated cefl sort-
ing (FACS) direct immunofluorescence. Cells were Fe-blocked
with 1 pg of human immunoglobulin G (IgG)/ 10° cells {Zymed
Lab., San Francisco, CA, USA) for 15 minutes at room tempera-
ture, and then stained with the designated monoclonal antibody.
FITC-CD34, Cy5-CD45 (Becton Dickinsen, San Jose, CA,
USA) and PE-CXCR-4 (R&D Systems Inc., Minneapolis, MN,
USA) were used in the stndy. A negative control tube was pre-
pared identicaily but contained isotype controls IgGi, or IgG,, an-
fibodies (BD). FACS-fixed cells were analyzed using FACScan
flow cytometer and the Cell Quest software package (BD).

Preparation of MNCs and colony-forming

unit gramulocylte assays

Human PB MNCs were isolated from healthy subJecEs using His-
topaque-1077 kit and protocol from Sigma-Aldrich Co. (St. Louis,

MO, USA). Briefly, 3 ml. of EDTA blood was layered onto the
Histopaque-1077 and centrifuged at 400g for 30 minutes. The opa-

que interface was mixed with 10 mL isotonic phosphate-buffered

saline (PBS) then centrifuged at 25G¢ for 10 minutes. The cell pel-

fet was washed with 5 ml, PBS twice and resuspended in (.3 mL

PBS. Peripheral blood mononuclear cells were plated at densities

of 1 x 10° viable nucleated cells per 35-mm plate using growth

medium (MethoCult GFH4534, StemCell Technologies, Vancou-

ver, BC, Canada), then colony-forming unit granufocyie (CFU-

GM) was performed. Petri dishes were incubated for 14 days at

37°C in a humidified atmosphere containing 5% CO,, CFU-GM

colonies defined as clusters of =30 cells were then counted using

an inverted microscope and recorded as the mean of quadruplicate -
counts. Plates were neglected if contaminated or > 50 colonies

were counted.

Plasma cytokines and cytokine assays

PB was collected from volunteers according to the designated
schedule in tubes containing EDTA. Platelet-poor plasma was pre-
pated within 30 minutes of blood collection and stored at —86°C
for later analysis. Three different cytokines, SDF-1, IFN-y, and
HL.-12 levels were analyzed directly after thawing plasma samples
gradually on the day of test by enzyme-linked immunosorbent
assay using kits and protocols from R&D Systems Inc.

Statistical analysis

Student’s -test and analysis of variance were used to analyze data.
A pvalue of 0.05 was chosen as the Hmit of statistical significance.
Triplicate readings for each sample were averaged. All other sta-
tistical parameters were calculated using Microsoft Office, Excel
and SPSS, version 12.

Results

No side effects were reported, and none of the volunteers
exhibited toxicity when 3 g of guar gum, 10% fucoidan,
or 75% fucoidan extracts were taken orally three times
a day for 12 days.

Fucoidan ingestion caused mild leskopenia and lympho-
penia but had no effect on nentrophils.

We observed a nonsignificant decrease in the total num-
ber of leukocytes in the PB when 10% fucoidan was
ingested, but when 75% fuccidan was ingested, the de-
crease was significant after 12 days (Table 1). There was
a decrease in leukocytes from 5,74 cells/nL at baseline to
5.37 after 12 days (p = 0.05). Of the leukocyte fractions,
lymphocytes were most affected. Ingestion of either 10%
or 75% fucoidan decreased the Iymphocyte count but the
decrease was only significant with the 75% fraction. The
absolute number of lymphocytes decreased from 2.18
cells/nL at baseline to 1.98 after 12 days (p = (.03; Table
1). Neutrophil count was not affected after ingesting guar
gum or 10% or 75% fucoidan. Furthermore, there was no
effect on the expression of CD16 in the CD45™ population
{resnlts not shown).
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Table 1. Average readings of alt of the tests at four time points

Treatment? Test 0 days* 4 days 8 days 12 days n
Goar gum Leukocyte {cells/nL} 7.37 £ 023 7.38 = 0.61 7.03 £ Q.87 1222071 6
Lymphocyte (cetts/mL) 2.80 £ 0.13 2.82 + 0,16 2.65 + 0,15 2.83 * 0.18 6
Neutrophil (ceffs/l.) 3.63 £ 0.44 3.52 = 0.38 345 = .32 3.43 £ 0.20 6
SDF-1 (pg/mL) 1977 = i1 1978 = 8 1981 = 2 1974 = 16 3
IFN-v {pg/mL) 9.03 = 0.18 9.14 £ 0.15 92 +015 9.17 = 0.08 3
10% fucoidan Leukocyte (celiis/nl) 7.48 + 0.35 6.98 + 0.29 7.00 £ 0.5¢ 6.95 = 0.59 6
Lymphocyte {cells/nL) 287+ 012 273 = 0.16 2.6 £ 030 2.62 £ 0.26 6
Neutrophil (cells/nL) 3,73 £0.28 342 = 0.18 342 £ 0.24 335 = 031 6
SDF-1 (pg/mL) 1973 = 8 1977 £ 5 1986 + 25 1979 + 15 3
IEN-v (pg/mL) 9.01 + 013 9.01 = 0.38 9.05 £ 0.19 8.97 £ 0.27 3
75% fucoidan Leukocyte (cells/nl) 5.74 £ 0.28 5.62 + 0.33 548 = 0.30 5.37 & 037 25
Lymphecyte (celis/al.) 2.18 = 0.14 2.06 = 0.13 195 + 0.14 1,98 = 0,14 25
Neutrophil (cells/nL) 2.94 = Q.19 2.97 = 0.22 2.90 = 0.19 2.82 + 022 25
SDF-1 (pg/ml.) 1978 = 26 1996 + 31 2101 * 33¢ 2059 + 47 23
TEN-y (pg/ml.) 0.04 *+ 0.42 941 + 049 9.39 % 0.39% 982 £ 0.577 20

Table shows the mean 1eadings observed on baseline (0 day) and on 4 gth and 12™ day after ingesting 3 g of cach treatment. Guar gun is used as a placebo
control, All valucs are average + mean standard error. n = number of volunleers, different volunteers have been used for each treatment.

Syolunteers ingested 3 g of each treatment three times daily.

#The mean value at O day (baseling) was used in the r-test as first set of data to which other groups are compared. -

p < 0.05 using paired Student’s t-test.
p < 0.01 using paired Student's i-test.

Increase in CD34" cell count

in PB after fucoidan ingestion

A slight increase in the circulating CD34™ was observed af-
ter ingesting fucotdan. When 10% fucoidan (3 g/d) was in-
gested, a nonsignificant increase in CD34" in PB, from
1.07 to 1.29 cells/pl, (p = 0.06, n = 6) after 12 days,
was observed. However, when 75% fucoidan was ingested,
the CD34" count increased from 1.64 cells/ul to 1.84,
1.80, and 1.79 cells/ul at 4, 8, and 12 days, respectively.
This increase was significant at day 4 (p = 0.04). Some vol-
unteers presented a large increase in the CD34™ on days 8
and 12 but were considered by the statistical program as
outliers and were not included in the calculated median.

Increase in the expression of CXCR4

on CD347 cells after fucoidan ingestion

When 3 g/d of 10% fuccidan was ingested, a nonsignificant
increase in the CD347CXCR4" was observed. However,
when 3 g/d of the 75% fucoidan was ingested, the
CD34"CXCR4" count increased significantly (p <
0.0002) from 0.75 cells/uL at baseline to 1.65 cells/uL after
12 days (Fig. 1). The proportion of CD347CXCR4™ in-
creased from 45 to 90% after 12 days of treatment (Table 2).
A few volunteers showed a large increase in the CD34™
~ cell count but were considered by the statistical program as
outliers and were not inclnded in the caiculated median,

Fucoldan ingestion has no

effect on PB MNCs in CFU-GM

Generally, there was a nonsignificant decrease in the num-
ber of CEU-GM per microliter of 1 blood after ingesting the

75% fucoidan. The mean CFU-GM count at baseline was
1.87/pL (*mean standard error = 0.29) and decreased to
1.71 (+0.26), 1.4 (+0.29), and 1.31 (£0.35) after 4, 8,
and 12 days (p = 0.50, 0.19, 0.14; 0 = 13} of ingesting
75% fucoidan, respectively.
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Figure 1, Total number of PB CD34 YCXCR4T cells at baseline and after
4, 8, and 12 days of taking 75% fucoidan. Black lines represent medians
for 23 duplicate cxperiments representing 23 volunteers. The boxes repre-
sent the median (50% of the population}, and the error bars represent the
mean standard error. +, outfiers or high responders.
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Table 2. Average percentage of cells that are CXCR4" out of the total CD34" cells at four time points

Treatment® 0 dayst 4 days 8 days 12 days n
Guar gum 62.33 + 4.64 64.15 + 2.81 66.43 + 3.18 6366 = 300 6
10% fucoidan 67.27 * 833 65.49 + 9,13 7178 + 9,01 71.96 = 13.09 6
75% ftucoidan 49.75 * 7.19 84.57 = 4.74¢ gd4 = 557 91,15 + 3.3t 23

The table shaws the average readings observed on bascline (0 day) and on 4, 8, and 12 days after ingesting 3 g of each treatment. Guar gum is used as
a placebo contrel, Values shown are average % of CD34T/CXCRAT + mean standard error, n = number of volunteers; different velunteers have been

used for each treatment.
#Volunteers ingested 3 g of each treatment three times daily.

*The mean value at 0 days (baseline) was used in the (~test as [ivst set of data.

ip < 0.01 using paired Student’s £test.

Increase in plasma levels of SDF-1

and IEN-y with fucoidan ingestion

Ingestion of guar gum and 10% fucoidan did not affect the
levels of SDE-1 and IFN- v in plasma (Table 1). Volunteers
who ingested 3 g of the 75% fucoidan had an elevation in
the plasma level of SDF-1 after 8 days from 1978 to
2101 pg/mL {p = 0.00005).

Further, the plasma level of IFN-v was assessed because
this cytokine has been associated with the upregulation of
CXCR4. Volurteers who ingested 3 g of the 75% fucoidan
showed a significant elevation (p = 0.04) in the plasma
IFN-v, from 9.04 to 9.82 pg/mL (Table™Y). However, there
was 1o detectable change in the IL-12 plasma (results not
shown).

Discussion :

We carried out this clinical study to determine the effects of
ingested Undaria-derived fucoidan on PB. We found that
there was a small increase in CD34 ™ cells and a profound
increase, from 40 to 90%, in the proportion of CD347/
CXCRA™ when 75% fucoidan was ingested. A smaller in-
crease was noted when 10% fucoidan was ingested. We
also observed a significant increase in IFN-y and SDP-1
in the 75% fucoidan group but not in the control or 10%
groups. We did not observe an increase, but rather a nonsig-
nificant decrease in CFU-GM, despite the increase in the
CD347 cell count, This slight increase after oral intake con-
trasts with the large and sustained response elicited by IV
fucoidan [5-8], AMD3100 [10], or G-CSF [2].

Previous studies have shown that IV fucoidan produces
rapid mobilization of murine HPCs with long-term BM re-
populating potential in mice and nonhuman primates [6-9].
CXCR4 was not assessed in those studies. Fucoidan has
also heen used as a tool to exaniine the effects of binding
SDF-1, Mavier and colleagues [16] demonstrated that after
experimental hepatic destruction, IV fucoidan blocked the
SDF-1 expression of liver stem cells and markedly de-
creased their accumulation. Ingestion of fucoidan has
been shown to inhibit tumers of various kinds [17], an ef-
fect that may be attributable to a stimulation of the nonspe-
cific immune system [14,18]. Fucoidans are well-known

experimental selectin blockers. In vitro, the binding of

T.-selectin on lymphocytes by fucoidan enhanced the ex-

pression of CXCR4 in lymphocytes [19]. Clinical use of
a fucoidan preparation was made in the 1960 s. Claudio-
and Stendardo [20] reported favorable results from patients

with leukopenia and leukocytosis with increases in the

general condition of patients.

In a prior work, two preparations of fucoidan to mobilize
HPCs have been used; 100 mg/kg IV of sulfated linear fu-
can from the sea urchin Lytechinus variegatus [0,8] and 25
mg/kg intraperitoneally of branched fucoidan fraction from
Ascophyllum nodesim (from Fluka) [51. Despite the differ-
ences in fucoidans, similar mobilizations were seen and
attributed to the creation of SDF-1 gradient into the PB.

The fucoidan used in our studies is derived from Unda-
ria pinnatifida. Qur previous work using an antibody-based
detection method indicated that when 3 g of 75% fucoidan
was ingested daily, plasma concentration was elevated up to
4 mg/L after 4 days, and then 13 mg/L. after 12 days despite
the fact that fucoidan is a large-molecular-weight material
[15]. Acidic conditions in the stomach may cause a limited
hydrolysis of the fucoidan. Humans do not produce en-
zymes capable of breaking down fucoidans, and the latter
also appear to be unaffected by human fecal flora [21].
We hypothesized that small quantities of fucoidan may
cross the intestinal wall as whole molecules probably by
endocytosis, The slight but significant changes in HPCs
shown here do not indicate stand-alone utility of this sub-
stance as a clinical entity but instead indicate a need for fur-
ther investigation of its potential. Further work is needed to
investigate the repopulating potential of the cells, and the
timing of peak values for CXCR4 and total numbers of
cells.

AMD?3100, which is a reversible inhibitor of the binding
of SDF-1« to its cognate receptor CXCR4, is currently in
clinical trials as a mobilizing agent. It significantly im-
proves the mobilization capacity of G-CSE when used in
combination with it in mice [22]. We postulate that fucoi-

" dan may have a similar mechanism of action on SDF-1/

CXCR4 that could play a role in the mobilization of
CD34" cells from BM to PB especially if fuccidan is
used IV.
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The increase in CD34TCXCR4™ cells was marked in this
study, although the increase in the CD34™ cells was small.
Although we observed no significant change in SDF-1 levels
at 4 days, when CD34 levels increased, SDI-1 levels were
increased by day 12, Either the rise in SDF-1 is not corre-
lated with the enhanced CD34 " cell numbers or CXCR4 ex-
pression, or the effect is only at the BM level at the 4 day
stage. '

Previously, CXCR4 expression on HPCs has been shown
to increase after administration of G-CSF within both hu-
man and murine BM, reaching peak levels at the time of
mobilization [9], afthough SDF-1 levels did not rise. Inter-
estingly, we observed a small decrease in CFU-GM over 12
days in the 75% fucoidan group. This effect may perhaps be
attributed to the rise in IFN-y. Constitutive expression of
low levels of IEN-y by stromal cells has been noted to
have a profound inhibitory effect on hematopoiesis [23].

CXCR4 plays an important role in regulating the traf-
ficking of HPCs and their homing/retention in BM, and it
modulates several biologic processes in more differentiated
cells [24].

In this study, a small, significant decrease in leukocytes
and lymphocytes was observed after 12 days of ingesting
the 75% fucoidan, although this decrease was within nor-
mal clinical range. In previous studies, there was a fall in
circulating leukocytes immediately after G-CSF was given
[25-27]. :

The presence of normal number of functional neutro-
phils is important for mobitization of HPCs [28,29]. In this
study, we have demonstrated that 3 g of oral fucoidan has no

effect on nentrophil count and does not cause neutropenia. °

We observed that there was an increase in the plasma
level of TEN-y, consistent with a previous study that
showed an increase in HPCs accompanied by an increase
in the level of SDF-1, IFN-vy, and IL-12 [8]. The level of
1L-12 in our study did not change {results not shown). k
was shown previcusly that in vitro treatment of BM
MNCs with IFN-y can upregulate the expression of
CXCR4 on granulocyte precursors and monocytes [30].
This may, in part, reflect our cbservation of increased
expression of CXCR4 on CD34" cells. It could be more
relevant to look at the BM cytokine [evels as well and com-
pare the changes between PB and BM levels especiaily as

~PB SDI-1 may originate {from the BM pool.

In sumumary, oral administration of fucoidan signifi-
cantly amplified the CXCR4" HPC population. The ability
to mobilize HPCs with high levels of CXCR4 expression
could be clinically valuable. However, the effect of IV
fucoidan in humans remains to be determined.
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Background: [solated fucoidans from brown marine algae have been shown to have a range
of anti-inflammatory effects. o
Purpose: This present study tested a Maritech® extract formulation, dBntaining a blend of extracts
from three different species of brown algae, plus nutrients in an open label combined phase Land I
pilot scale study to determine both acute safety and efficacy in osteoarthritis of the knee.
Patients and methods: Participants (n = 12, five females [mean ape, 62  11.06 years] and
seven males [mean age, 57.14 * 9.20 years]) with a confirmed diagnosis of osteoarthritis of
the knee were randomized to either 100 mg (n = 5) or 1000 mg (n = 7) of a Maritech® exiract
forniulation per day. The formulation contained Maritech® seaweed extract containing Fucus
vesiculosis (85% wiw), Macrocystis pyrifera (10% wiw) and Laminaria japonica (5% wiw) plus
vitamin B6, zinc and manganese. Primary outcome was the average comprehensive arthritis test
(COAT) score which is comprised of four sub-seales: pain, stiffness, difficulty with physical
activity and overall symptom severity measured weekly. Safety measures included full blood
count, serum lipids, liver function tests, urea, creatinine and electrolytes determined at basefine
and week 12, All adverse events were recorded.

Results: Eleven participants completed 12 weeks and one completed 10 weeks of the study,
Using a multilevel linear model, the averape COAT score was reduced by 18% for the 100 mg
treatntent and 52% for the 1000 mg dose at the end of the study. There was a clear dose response
effect seen between the two treatments (P == 0.0005) on the average COAT score and each of
the four COAT subscales (pain, stiffness, difficulty with physical activity and overall symptom
severity) (P = 0.05). The preparation was well toferated and the few adverse events were unlikely
to be related to the study medication. There were ro changes in blood parameters measured
over the course of the study with the exception of an increase in serum albumin which was not
clinically significant. .

Conclusion; The seaweed extract nutrient complex when taken orally over twelve weeks
decreased the symptoms of osteoarthritis in a dose-dependent manner. It was demonstrated
to be safe to use over the study period at the doses tested. The efficacy of the preparation now
needs to be demonstrated in a phase 1 randomized controlled trial (RCT).

Australian and New Zealand Clinical Trials Register: ACTRN12607000229471,
Keywords: fucoidan, ostevarthritis, complementary medicine, inflammation, TNF alplia

Introduction

Osteoarthritis (OA) is the most frequent cause of disability among adults in the
developed world. Arthritis affects around three million people in Australia, representing
about 15% of the population,’ Similarly, more than 20 million people in the United
States have the disease.? The lifetime risk of knee OA for males and females aged over
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45 years in Johnston County is estimated at between 44.7%
(nonobese) and 67% (obese) and these figures are believed
to reflect the incidence of QA across the United States.” OA
costs more than $60 billion per year in the USA and is second
only to ischemic heart discase as a cause of work disability
in men aged over 50 years.* The progressive deterioration of
articular cartilage which oceurs in OA results in pain, stiffness
and difficulty with physical activities. The disease is managed
rather than curedy with a focus on pain relief.’ A number of
herbal medicines have been found to have beneficial effects
in alleviating the symptoms of OA in human clinical studies.
These include advocado, sbybean unsaponifiables,’ Lipids
fromgreen-lipped mussels,” calcified seaweed extracts,’ and
Pycnogenol (French maritime pine bark extract).” Boswellia
serrata extracts have also show clinical promise™ as do prepa-
rations of Harpagophytum procumbens (Devil’s Claw).!"?
Polyphenols such as epigallocatetchin (from green tea) and
phlorotannin-rich extracts of the scaweed Ecklonia cava have
exhibited potential using in vitro models yet have generated
little clinical evidence to date.”®

I the Western herbal medicine tradition, bladderwrack
(Fucus vesiculosus) and other seaweeds in: the form of topi-
cally applied liniments have been used as herbai approaches
to the treatment of sore knees.™ Seaweed extracts have been
demonstrated to contain at least two major components with
anti-inflammatory activity; fucoidans and polyphloroglucinols
(algal polyphenols). Fucoidans are considered to be one of
the main therapeutic components of brown algac'” and may
constinute up to 25%—30% of the algal dry weight, depending
on the specific seaweed species.'® Although fucoidans are
highly branched long chain polysaccharides, low levels of
serum uptake of fucoidan were observed after Undaria fucoi-
dan ingestion!? indicating that there is potential for clinical
activity, Pucoidan is a potent sefectin blocker and has been
used experimentally to prevent inflammatory damage after
ischemic events. 81

Polyphenolic fractions derived from scaweed also have
profound antioxidant activity?® which can aisc contribute to
anti-inflammatory effects. Inhibition of oxalate damage to
kidneys in animal models was attributed to the antioxidant
qualities of Fucus-derived fucoidan.”’ Focoidans have been
shown to inhibit phospholipase A, an important enzyme in
the inflammatory cascade inhibited by corticosteraids.

The toxicity of seaweed extracts has been investigated in
both human and animat studies, although the source of the
extracts has been different to the Fucus source used in this
study. Previous human clinical studies using 3 g daily Undaria
seaweed extracts with 75% fucoidan content indicated no

clinically observed toxicity.™ In a recent companion study
on the coagulation effects of 3 g of the same Undaria extract,
there was a significant change in clotting indices, but these
remained within clinically normal parameters. Activated
partial thromboplastin time increased from 28.41 t0 34.01 s
(n = 10; P = 0.01), thrombin time decreased from 18.62 to
17.55 & (n = 10, P = 0.04), and anti-thrombin-T1I increased
from 113.5% to 117% {n = 10, P = 0.03).” There were no
toxicological changes observed in rats given up to 300 mg/kg
orally of fucoidan from Laminaria japonica. This dose is
considerably higher that the 3000 mg per subject dose in the
clinical studies. The absence of observations may be because
of difference in the source species for the fucoidan, or the
absorption of the fucoidan from the gut. Anticoagulant effects
were observed at doses of 900 to 2,500 mg/kg, but no other
signs of toxicity were observed.™ In a similar study involv-
ing fucoidan extracted from Cladosiphon okamuranus, no
significant toxicological changes were induced by fuceidan
at a dose of 600 mg/kg of body weight/day in Wistar rats.
However, with concentrations at and above 1,200 mg/kg of .
body weight/day, clotting time was significantly prolonged.*
Overall, the dose levels used in this study (a total of either
100 mg and 1000 mg per day} would not be expected to
produce changes outside of the clinically normal parameters,
as they are many fold lower than the dose levels used in the
animal studies, and a third of the dose used in the human
clinical study. A palyphenol rich fraction of Fucus was also
shown to lack acute toxic effects in rats after four weeks of
oral dosing® The latter extract was somewhat different to
the extract used in this study as it contained a concentrated
polyphenol fraction,

The present study tested a seaweed extract nutrient com-
plex containing a blend of extracts from three different spe-
cies of brown algae plus nutrients zine, manganese and B6,
using an open label design at two doses to determine effects
in OA. This was a pilot scale combined phase Land IT study
aimed at providing data on acute safety and efficacy.

Material and methods

Research design

This trial was a pilot scale open label dosing study, with two
different doses randomised to participants, conducted over
12 weeks (84 days) in Lismore New South Wales (Australia)
and was conducted in 2008. The study was approved by
the Human Research Ethics Committee of Southern Cross
University (Ethics approval number: ECN-07-36). The
reseatch was conducted in compliance with Good Clinical
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Practices (GCP) and in accordance with the guidelines
of the Australian National Health and Medical Research
Council and the Declaration of Helsinki (as revised in 2004).
The trial was registered with the Australian and New Zealand
Clinical Trials Register (ACTRN12607000229471).

Participants
A convenience sample of healthy individuals aged betwee

18 and 65 years was recruited by email from staffand stu-
dents at Southern Cross University, and from Lismore and

surrounding areas through newspaper advertising, regional
radio and television. All participants received a study infor-
mation sheet outlining the study and signed an informed
consent form agreeing to participate.

Participants were included if they had both X-ray and
clinical evidence of osteoarthritis of the knees; if they
had a baseline comprehensive osteoarthritis test (COAT)
score between 3 and 7; were otherwise healthy (had no
other acufe nor chronic medical condition); and if they were
willing to discontinue their current OA treatment for the
duration of the study. Participants were excluded if they had
a history of trauma associated with the affected joint; if they
had rheumatoid arthritis or other inflammatory joint condi-
tions (including gowt); if they used corticosteroids (intra-

articular or systemic) within four weeks prior to baseline and

throughout the study; if they used anti-inflammatory agents
or anti-arthritic complementary medicines three weeks prior
to baseline and during the duration of the study; had liver
function tests greater than three times the upper limit of nor-
mal at baseline; if they had a history of alcohol or substance
abuse; were female participants who were lactating, pregnant
or planning to become pregnant; if they had participated in
another clinical trial in the last 30 days; if they were unwilling
to have blood taken three times during the study; or if they
were unwilling to comply with the study protocols.

Qutcome measurements
The primary outcome measurement in this study were the
safety measures and the average COAT score, a validated
measurement instrument for the assessment of the symp-
toms of osteoarthritis,” The COAT score is composed of
four subscales: pain, stiffness, difficulty with physical
activity and overall symptom severity. Secondary outcomes
included the individual COAT sub-scales, TNF-alpha mea-
surements, serum Hpids and paracetamel usage over the
12 week study.

Baseline COAT measures were recorded and participants
with visual analog scale {VAS) scores between 3 and 7 out

of a possible 10 who agreed to wash out from their current
osteoarthritis treatment were admitted to the study. Wash
out commenced four weeks prior to the start of the trial
and participants did not take their current osteoarthritis
medications for the duration of the study. The participanis
were supplied with study diaries and asked to record their
COAT scores and paracetamol use daily for four weeks.
They were requested not to take narcotic analgesics and
those containing codeine for seven days before the next
clinic and until the end of the study, Study staff contacted
the participants each week at the same time o ensure com-
pliance and provide support.

COAT scores included joint pain, stiffness, difficulty
with physical activities and overall symptom score. The
participants completed a baseline COAT score under the
supervision-of the clinic staff by making a mark on a 10 cm
VAS with a single vertical line to show the severity of each
descriptor over the past twenty-four hours. The descriptors
were none to extreme with a numerical score of 0 to 10. The
scores were converted to a numerical grade through measure-
ment with a ruler placed on the mark. Daily diaries were
issued along with identical rulers (manufactured by Celeo)
and study staff comtacted the participants each day at the
same time to collect scores, ensure compliance and provide
support. These instruéions complied with the methods used
with the validated tool. Participants were screened four weeks
prior to the trial, they returned two weeks prior to ensure .
that scores remained between 3 and 7, and then returned at
baseline. If the scores remained between 3 and 7 at baseline,
the participant was randomised to a study medication.
 Safety was assessed by actively monitoring adverse
events. Subjects were questioned weekly about adverse
everits which were then recorded. Participants attended three
clinics during which weight, blood pressure, pulse rate, and
concomitant medication use was recorded and fasting blood
samples collected at baseline, week 4, and week 12. Safety
measurements undertaken by an independent accredited
Iaboratory were full blood count, fiver function tests and
determination of urea, creatinine, electrolytes, cholesterol
and triglyceride concentrations to assess toxicity to the hemo-
poietic, hepatic and renal systems; and assess the impact on
fasting lipids. The body mass index (BMI) was calculated at
the start and conclusion of the study.

Subjects returned ail remaining capsules at each ¢linic
visitand these were counted as a measure of compliance. The
investigator maintained an inventory record of all capsules
received and dispensed. It was assumed that capsules not
returned were taken.

Biologics: Targets & Therapy 20£0:4
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Participants were asked at the end of the study to evaluate
the study medication by answering a question indicating
their satisfaction, dissatisfaction, or neither satisfaction
nor dissatisfaction with the study medication.

Study medication and dose
The study medication used Maritech® extract (Marinova
Pty Ltd, Hobart, Australia). These are fucoidan-rich extracts
of seaweeds (Maritech® extracts) which are manufactured
using a proprietary aqueous process that produces fucoidan
fractions. Nothing is added duting the process. Insoluble
matter and salts are removed as part of the process. They
are ‘whole plant® extracts which contain fucoidan and sca-
weed polyphenols (polyphloroglucinols) associated with the
fucoidan molecule. In this study we used a blend of three
Maritech® extracts from different species of brown sea-
. weeds; Maritech® Fucus vesiculosis (85% w/w), Maritech®
Macrocystis pyrifera (10% w/w) and Maritech® Laminaria
Jjaponica (5% wiw). In addition, Vitamin B6, zinc sulfate
and manganese sulfate were included in the formulation, as
detailed in Table 1. The study medication was manufactured
as 100 mg and 250 mg capsules (Gel Caps) under the code
of good manufacturing practice (GMP). The total fucoidan
" concentration in the 100 mg and 250 mg capsules was 75 mg
and 187.5 mgrespectively, Fucoidan content is assessed using
a validated spectrophotomelric method based on 2 modificd
Dubois method.*®
Subjects were randomized to either a100 mg or 1000 mg
dose group using the research randomizer website (http:/
www.randomizer.org/). Seven sets of two numbers per set,
using a range of one to two, were generated, These numbers
were used to assign the participants to either the 100 mg or
1000 mg dose. The 100 mg dose was delivered in onc 100 mg
gel capsule daily (taken in the morning) to five participants.
The 1000 mg dose was delivered as four 250 mg capsules
daily (two capsules taken twice daily) to seven participants.
The capsules were self-administered orally by the participants
after food. '

Table |1 Contents of Maritech® capsules

Component §00 mg 250 mg
Maritech® Fucus vesiculosis 85 mg 2125 mg
Maritech® Macrocystis pyrifera 10 mg 25 mg
Maritech® Laminaria japanica 5mg 12,5 mg
Pyridoxine hydrochloride 57.50 mg 14.38 mg
Zinc sulphate monchydrate 25 mg 625 mg
Manganese sulphate 4mg | mg

TNF alpha assays

After collection serum was stored at —70 °C until analyzed.
Serum tumor necrosis factor-o. (TNF-of) was measured using
a sandwich ELISA assay (Cayman Chemical Company,
Denver, CO, USA). Thawed serum was supplemented with
5% mouse serum and 9 mM dithiothreitol in order to mini-
mise nonspecific binding to the mouse anti-TNF-o. Serum
was assayed without further dilution, TNF- standards were
prepared in TNF-¢: free human serum and similarly supple-
mented with mouse serum and dithiothreitol. Each sample
was assayed in duplicate on two separate microplates (n=4).
Four samples had a single outlier removed. The standard
curves for both plates had R%s of 0.99 over a concentration
range of 0-250 pg/mlL.

Statistical methods

A multilevel repeated measures analysis-with auto-correlated
time was conducted on the average COAT score and each of
the four COAT subscales over the 85 measurement occasions
from baseline (day 0) to completion (day 84} using SPSS
(version 17.0; SPSS Inc, Chicago, IL, USA) with the Mixed
procedure with a first order autoregressive (AR 1) covariance
modeled on the daily repeated measurements. The model
presented fitted a two-piece linear response over time” with a
change point at day 21, and included the effects of treatment,
2-piece time, and 2-piece time by treatment interaction.

Results
Study participants

The study screened volunteers and subsequently enrolied
thirteen people who met the inclusion/exclusion criteria
and were comprised of six females (mean age [SD] 62.16
[£9.04] years) and seven males (mean age [+SD] 57.14
[+9.20] years). One subject withdrew a week prior to the
start of the baseline measure due to an acute respiratory
tract infection. Bleven participants completed 12 weeks of
the study. One participant completed 10 weeks of the study
due to overseas travel for the final 2 weeks and their final
blood measurement was taken at week 10, Data was ana-
tysed for these 12 participants. Five participants received
the formulation in doses of 100 mg Maritech® extract and
seven reccived 1000 mg Maritech® extract. There was 99.2%
compliance at four weeks and 99.6% at twelve weeks with
participants taking 100 mg daily and 97.4% at four weeks
and 95.9% compliance at twelve weeks in individuals tak-
ing 1000 mg per day. Please see Figure 1 for a flow diagram
of the trial. The study medication was well tolerated as afl
12 participants were satisfied with the effects of taking the
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Figure | Flow diagram of trial arganization.

study medication (compared with dissatisfied; or neither '

satisfied or dissatisfied).
The mean ages, and the bascline means for blood pres-

sure, weight and pulsc rate for the 100 mg and 1000 mg arms

were not statistically different (data not presented).

COAT scores

Subjects taking either dose expericnced reduction in COAT
scores over the 12 weeks of the study. Means for the main
outcome, the average of the COAT scorc subscales (average
COAT), at baseline and on every seventh measurement
occasion are provided for each freatment in Table 2 to
summarize the response. A more complete description
showing the daily mean average COAL scores is provided
graphically in Figure 2 to which an empirical Loess curve
was fitted to summarize the underlying responsc profiles.
On observing Figure 2, two-piece linear functions with the
break points at days 21 and 28 were tested in the statistical
model for the Average COAT score, with the day 21 break
point displaying superior fit in terms of the -2 log likeli-
hood fit statistics (2007.9 at 21 days and 2010.7 at 28 days).
Table 3 reports the parameter estimates for the average
COAT model and Figure 3 shows the estimated mean aver-
age COAT profiles by time by treatment. There was a highly
significant treatment by time interaction effect (likelihood
ratio test, chi-square = 15.155, df =2, P = 0.0005), which
was largely located after day 21 as indicated by the tests
of the interaction parameters in Table 3. The parameter
estimates are not reported for the pain, stiffness, physical
difficulties and overall symptoms sub-scales but wete

Out of range COAT N=11.

D:scontlnued lntervennon

N=1
Beason
_.__nf_luenza_ S

simildr to those obtained for the average COAT scale as
would be expected from highly correlated variables. Table 4
reports the estimated means for each of the COAT scales at
baseline and completion for both treatments, and the results
of a one-tailed test of the hypothesis that the reduction
from baseline to completion was significantly greater in the

" 1000 mg than the 1060 mg treatment. This hypothesis was

confirmed at P << 0.05 for the average COAT (0.043) scale,
and the physical difficulties (0.010) and overall symptoms
(0.044) sub-scales, but failed to reach significance for the

Table 2 Average COAT score: mean, standard deviation (SD),
minimum and maximum at the weelly measurement occasions

Biologics: Targets & Therapy 2010:4

by treatment
Weele (00 mg 1000 mg
N Mean SD Min Max N Mean SD Min Max
Basefine § 454 102 315 600 7 532 094 433 700
| 5 425 207 200 638 7 410 162 175 693
2 5 430 192 200 625 7 342 082 225 450
3 5 388 125 3.00 600 7 339 (44 088 550
4 5 368 179 200 600 7 3.06 1.69 000 450
5 5 373 (44 200 600 7 3.5 1.66 0.00 500
6 5 388 BS54 200 600 7 3.6F 2IF 025 705
7 5 368 E70 200 600 7 279 49 088 5.00
8 5 440 166 200 638 7 27 1.62 0.00 500
9 5 413 1.5 200 625 7 264 (.86 000 550
10 5 370 1.7t 200 625 7 283 182 000 3.00
I 4 359 1.90 200 625 7 265 208 D.OO‘ 5.50
12 4 363 187 200 625 7 227 195 0.00 500
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Mean of COAT average score

Figure 2 Average COAT score: daily mean by time by treatraent with fitted Loess' curves.

pain (0.088) and stiffness (0.089) subscales. As shown in
Table 4, mean average COAT reduced from 4.54 to 3.72
(18%) in the 100 mg treatment and from 4.81 to 2.32 (52%)
in the 1000 mg treatment.

Adverse events

Six adverse events were noted. The first event, influenza
occurred prior to the commencement of the trial and the
participant withdrew. Two participants had hypertension,
one baseline and one at week 4. Both participants had a
history of hypertension. One participant had a chest infection
at week 12, one had root canal work at week 12, and one
participant had hyperacidity at week 12 with a history of

gastric acidity at baseline. All events were considered to be
unlikely to be related to the study medication.

Blood safety measures

There were no toxicity issues observed over the period of
the study hemopoictic, hepatic and renal systems. Dueto the
small numbers of participants in this study it is not possible
to consider gender differences. Table 3 presents the mean,
standard deviation (SD) and sample size for each blood
safety measure at baseline and completion in each treatment
and a test of the significance of the change. Therc were no
statistically significant changes in cither treatment over time
atthongh there was a statistically significant but not clinically

Table 3 Average COAT scores: parameter estimates with their standard errors and tests of significance

Parameter Estimate SE tvalue df P value
Intercept (100 mg) 4.542 0.705 6.442 13.69% 0.000
Treatment {000 mg) 0.263 0.923 0.285 13.698 0.780
Time 0-21 {days) -0.036 0.018 -2.014 108,787 0.047
Time 2(-84 -0.001 0.005 -0.227 87.490 0.821
Time 0-21 by treatment ({000 mg) —0.027 0.023 —~1.164 108.725 0.246
Time 21-84 by treatment {1000 mg) —0.017 0.007 -2.539 87311 0.013
Random: Subject leve! variance 2,078 0.949 2,190 0.029
Daily variance ARE 0,739 0.059 12.528 0.000
rho AR 0.680 0.025 26.74% 0.000

Abbreviation; SE, standard error.
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Mean of COAT average Score

Day

Figure 3 Average COAT score; estimated mean by time by treatment.

Table 4 COAT scales: estimated baseline and completion means with 95% confidence intervals (C1) and tests of the difference in the reduction
from baseline to completion between treatments

COAT scale © Treatment Time Mean Lower Upper
95% Ct 25% Ci
Average 160 mg Baseline 4.542 3.027 6.057
Completion 1717 2.236 5.199
1000 mg Baseline 4.805 3.524 6,086
Completion 2320 LO7E : 3.568
) Test!' P=0.043
Pain 100 mg Baseline 4903 3338 6.468
Completion : 3.827 2.300 '5.355
1000 mg Baseline 4786 3.464 6.10%
Completion ) 2.122 0.086 _ 3409
Test! P=0.088
Stiffness 100 mg Baseline . 4853 3.334 6371
Completion 3.605 2123 5,088
1000 mg Baseline 4.720 3.437 6.004
Completion 2.339 ] 1.090 3.588
Test! P=0089
Physical difficulties 100 mg Baseline 3.805 2313 5.297
) Completion 3.667 2209 5.125
1000 mg Baseline . 4803 3.543 6,064
Campletion 2401 173 3.629
Test! P=0.010
Overall 100 mg Baseline 4614 3.078 6.149
Completion 3.769 2267 5.271
1000 mg Basefine 4868 3571 6,166
Completion 2413 147 3678
Tast! P=0044

Note: 'One-tiled test of the hypothesis that the reduction in mean scores from basefine to completion is greater in the 1000 mg than the 100 myg treatment.
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Table 5 Blood safety measures: mean, standard deviation (SD) at baseline and completion |2 together with mean, SD, P-values for differences

between baseline and completion by treatment

Baseline Weel [2 Diff
N Mean SD Mean SD Mean SD P
Hematology
Red cell count {x10'%/L) 100 mg 5 4.88 0.35 482 0.25 0.06 0.17 0.468
1000 mg 7 4.70 0.30 471 0.32 -0.01 0.22 0.86%
Hemoglobin (g/L) 100 mg 5 15040 835 147.20 4,60 3.20 5.85 0.288
1060 mg 7 146.71 i1.24 145.43 1042 .29 8.90 0.716
“Hemacrit (%) 100 mg 5 0.44 0.03 0.44 0.02 0.00 0.02 0.799
i [000 mg 7 043 0.03 0.43 0.03 =0.01 0.03 Q0578
Mean corpuscular volume (fL) 100 mg 5 90,20 2.68 78.00 27.50 12306 26.19 0.356
1000 mg 7 91.00 1.83 9l.t4 1.86 -0,14 1.68 0.829
White cell count (x10%L) 100 mg | 5 576 0.98 5.84 .30 -0.08 0.56 O..767
1000 mg 7 6.59 I.19 600 0.79 - 0.59 1.42 0318
Lymphocytes (x[0°fL) 160 mg 5 1.94 023 1.74 0.2} 0.22 03l 0.189
1000 mg 7 2.04 0.32 1.96 029 0.09 038 0.573
Monocytes {x 10%L) 100 mg 5 046 0.05 0.52 0.le -0.06 0.15 0.426
1000 mg 7 0.46 0.le 0.47 0.05 —0.01 0.15 0.805
MNeutrophifs {x|0%L} 100 mg 5 3.08 0.89 330 0.88 —0.22 0.36 0.240°
1000 mg 7 389 0.77 337 0.65 051 093 0.192
Basophils {x|0°/} 100 mg 5 0.02 0.04 0.02 0.04 0.00 0.00
1000 mg 7 0.00 0.00 0.00 0.00 0.00 0.00
Eosinophils {x§07/L) 100 mg 5 0.24 0.17 0.22 0.13 0.02 0.04 0.374
1000 mg 7 0.17 0,05 0.17 0.05 0.00 0.06 10.000
Platelet count (x10%L) - 100 mg 5 235.00 39.16 232,60 46,33 2.40 13.35 0708
) . 1000 mg 7 277 6835 265.57 46.18 12,14 2864 . 0305
thl{émisery
Alkaline phosphatase (ufl) 100 mg 5 68.20 6.76 64.80 7.66 340 3.13 0.072
1060 mg 7 71.71 844 68.14 12.95 3.57 1172 0451
Alanine aminotransferase (u/l) 100 mg 5 22.80 6.06 30.80 8.50 -8.00 29 0,124
1000 mg 7 22.71 8.28 218.47 2279 -5.76 i5.64 0.368
Aspartate aminotransferase (u/L} 100 mg 5 25.20 £1.28 30.00 [0.12 —4.80 10.06 0.346
1000 mg 7 2014 4.4| 23.86 5.70 271 6.13 0.286
Y-glutamyl transferase {u/L) t00 mg 5 27.80 16.50 2740 1222 040 - 537 0.876
1000 mg 7 33.29 17.07 39.71 35.99 —6.43 20.35 0.435
Bilirebin (LmolfL) G0 mg 5 12.60 4.16 11.20 2.39 1.40 3.78 0.454
1000 mg 7 [£43 3.15 1086 121 0.57 315 0.649
Protein (g/L} 100 mg 5 70.80 6.14 7100 6.36 020 249 0.846
1600 mg 7 68.00 kAN 6643 4.08 1.57 2.44 0,139
Albumin (g/L} 100 mg .5 44,40 2.88 46.00 1.87 —-£.60 219 0.178
1000 mg 7 43.00 1.00 4357 I.13 —-0.57 0.79 0.103
Sedium {mmol/L) 100 mg ) 138,80 045 139.80 0.84 ~1.00 0.71 0.034
1000 mg 7 138.86 1.35 13857 1.27 0.29 [.50 0631
Potassium {mmol/L) 100 mg 5 4,06 0.29 4.04 0.26 0.02 0.38 091§
' 1000 mg 7 417 0.21 3.97 0.29 0.20 043 0.263
Chloride (mmol/L) 100 mg 5 104.60 245 105.80 2.68 —-1.80 LI 6.0zl
1000 mg 7 105.00 2.89 105.29 2.87 -0.29 243 0.766
{Continued)
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Table 5 (Continued)

Baseline Woeelc 12 Diff
N Mean 3 Mean sD Mean sSD P
BUN/Urea (mmol/L} F00 mg 5 7.00 1.27 6.12 0.88 0.88 1.49 0.258
1000 mg 7 577 1.08 6.34 0.82 —0,57 1.03 0.766
Creatine (mmolfL} 100 mg 5 98.00 9.57 89.60 7.64 8.40 391 0.009
1000 mg 7 8543 11.67 87.00 12,32 -1.57 1157 0.732

Abbreviation: BUN, blood urea nitrogen.

significant increase in albumin over time for both treatments
combined (P = 0.034).

Paracetamol use

Descriptive statistics for paracetamol use are reported in
Table 6 togsther with Mann—Whitney tests comparing the
treatments on use at baseline and total use over the duration
of the trial. Weekly total paracetamol use (500 mg tablets)
is plotied by treatment in Figure 4. None of subjects in the
100 mg treatment took any paracetame! on the first day of
treatment while, of the seven subjects in the 1000 mg treat-
ment, four took no paracetamol with the remaining three
taking eight S00 mg tablets between them. The subjects in the
100 mg treatment took a total of 58 tablets (each 500 mg) over
the duration of the trial with individual consumption ranging
from 0 to 40 tablets, while the subjects in the 1000 mg treat-
ment took a total of 152 tablets with individual consumption
ranging from 0 to 62 tablets. Mann—Whitney compatisons
of the two treatments showed no significant difference in
consumption between the two groups either at baseline or
over the duration of the trial. )

TNF-o.

“Descriptive statistics for TNF-or are given in Table 7. There
were no changes in TNF-alpha serum [evels over time
(P = 0,170}, nor any differences between treatment groups
(P=0227). '

Cholestero! and serum lipids
Repeated measures analysis of variance was conducted on the
baseline and 12 week values for serum lipids. Descriptive data

is given in Table 8. One subject in the 100 mg group did not
have a recordable low-density lipoprotein (LDL) in week 12.
There were no differences found between the doses.

Discussion .

This study investigated the effects on the symptoms of osteo-
arthritis using two doses of a complex containing a blend of -
Maritech® extracts from three brown algae species (Fucus
vesicilosis, Macrocystis pyrifera, Laminaria japonica.) plus
vitamin B6, zine and manganese in an open label design.
Thete was a clear dose dependent effect on symptoms of
osteoarthritis as assessed using the COAT index. The prepa-
ration was found to be safe at the doses used in the study
population over 12 weeks. -

After 12 weeks, the 100 mg dose reduced the average
COAT score by 18% and the 1000 mg dose by 52%.
The decrease in OA symptoms demonstrated by the
1000 mg dose is marked. Whilst there is no direct
comparator in this study, results expected from nonsteroid
anti-inflammatory drugs (NSAIDS) produce similar
reductions in OA symptoms.™ Osteoarthritis studies often
have large placebo responses and a limitation of this early
investigation was a lack of a placebo arm. The significant
difference between the two doses in a dose-dependent
progression increases the likelihood that the 1000 mg dose
is superior to a placebo.

A recent randomised controlled study on a mineral based
supplement derived from seaweed undertaken over 12 weeks
demonstrated changes in the symptoms of osteoarthritis when
measured by WOMAC.? Although derived from a seaweed,
the mineral-based supplenient was substantially different

Table & Paracetamol usage: mean, seandard deviation (SB), and mean rank by treatment at basellne and over the duration of the trial

with the Mann—Whitney P-values

100 mg 1000 mg Mann-Whitney
N ~ Mean sD © Mean rank N Mean sD Mean rank P
Baseline (Day 1) 5 0,00 0.00 5.00 7 I.14 1.57 757 0205
+ Full trial (Day | to Day 84} 5 11.60 16.15 580 7 2171 25.65 7.00 0.6t5
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Figure 4 Paracetamol usage: weeldly total ablets (500 mg) by treatment.

from the soluble fucoidan-rich preparations used in this study,
and cannot be directly compared.
Individuals with OA show raised levels of TNF-o,*! and

we hypothesized that the seaweed formulation would denton- -

strate a dose-dependent reduction over time as the fucoidans
and polyphenols have been identified as anti-inflammatory
agents. In this study, the TNF-o levels showed no change at
gither dosage perhaps indicating that the effect observed is
not mediated via a TNF-o-associated cascade. However the
study is not sufficiently powered to rufe out a reduction in
TNF-qt, and further studies should include the measure.
FPucoidan is a2 major component of Maritech® seaweed
extracts. It is not a precursor to mammalian tissue forma-
tion, and is generally assumed to be impervious to man-
malian enzyme breakdown, Fucoidans have profound
selectin-blocking activity,'® and serum uptake of fucoidan
has been demonstrated previously.'” It is possible that, in this
clinical trial, selectin-blocking effects may reduce leukocyte

Table 7 Tumor necrosis factor alpha levels: means, standard deviation
{SD), minima and maxima by treatment arm and measurement

accumulation in the osteoarthritis affected arcas, reducing the
COAT scores via a generalized inhibition of inflammation.
However paradoxically others have argued that sclectin
blockade may actually reduce pain relief.® Further clinical
trials and laboratory investigations are necessary to elucidate
its mechanism of action.

The preparation was shown to be safe at the dosages
consumed by the study population and any adverse effects
were mild and self limiting. There were no changes in the
cholesterol, liver function, renal function, and hemopoietic
function that were of any clinical significance during the
course of the study.

The most significant limitation of this study was; being
a pilot scale open Iabel combined phase Tand 11 trial it was
subject to potential bias that would be reduced by the use of
randomization to placebo or active with appropriate blind-

-ing. This study aimed to determine if this preparation had

any potential in the treatment of the symptoms of osteoar-
thritis. The study achieved this aim and the significant dose
responsiveness demonstrated provides evidence that these
results are unlikely io be due to chance and deserve further
exploration.

Conclusion
A seaweed extract nutrient complex when taken orally over
twelve weeks significantly reduced the symptoms of osteo-

arthritis in a phase T and II open label study. The effect was
highly dose-dependent with final reduction in COAT score of

occasion
Occasion 100 mg 1600 mg

N Mean SD Min Max N Mean SD Min Max
Baseline 5 1028 2.18 7.89 13.12 7 954 |53 697 1164
Week4 5 9.08 224 720 1274 7 966 143 4693 1144
Week 2 5 1085 206 866 1335 7 980 [.50 751 §1.70
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Table 8 Cholesterol, HDL, LDL, ratio and triglycerides: means, SD, minima and maxima by treatment and measurement

Cholesterol (mmol/L} [00mg [000 mg

' ] Mean SD Min Max N Mean sD Min Max
Baseline 5 5.60 1.28 450 7.80 7 5.9 0.65 4.40 - 640
HDL 5 121 0.35 073 1.61 7 1.29 022 1.10 1.72
LBL 5 3.44 0.77 2,70 4.70 7 323 0.64 2.30 4.30
Ratio 5 5.30 1.32 4.00 740 7 413 093 270 5.30
Triglycerides 5 2.10 [.40 0,70 3.80 7 143 0.48 0.60 190
Week 12 5 5.44 152 3.70 7.90 7 5.17 0.58 4.20 610
HDL 5 1.18 0.34 0.79 1.5% 7 £.39 0.24 L1l 1.78
DL 4 293 043 230 3.30 7 3.19 061 200 400
Ratio 5 4.52 233 1.59 6.80 7 3.60 1.25 1.59 4.50
Triglycerides 5 2.56 246 1.00 6.80 7 1.27 0.6l 0.60 2.40

Abbreviations: HDL, high-density lipoprotein; LOL, low-density lipoprotein; 5D, standard deviation,

18% and 52% respectively for the 100 mg and 1000 mg doses.
The preparation was demonstrated to be safe to use over the
study period at the doges tested in the study population. The
observed pharmacological benefits now need to be demon-
strated in a phase 111 randomized controlled trial.

Acknowledgments/disclosures
The stady was sponsored by Marinova Pty Ltd under confract

to Sowthern Cross University and performed independently -

by NatMed-Research, Dr Fitton is employed by Marinova Pty
Ltd, While she was involved in the study design, interpreta-
tion of results and preparation of the manuscript, she had no
interaction with any study participant, nor was she involved
in the day to day running or management of the clinical trial.
Marinova Pty Ltd paid the article-processing charge associ-
ated with the publication of this paper. We thank Catherine
Avila, Gareth Vanderhope and Airdre Grant at NatMed-
Research who provided clinical research assistance; Dion
Thompson who performed the TNF-o, testing; the Northern
Rivers Pathology Unit who undertook the safety measure-
ments; and the participants who made it possible.

References
I. March LM, Bagga H. Epidemiology of osteoarthritis in Australia. Med
J Aust. 2004;180(5 Supp[}:56-5t0.
2. Issa 8N, Sharma L. Epidemiology of osteoarthritis: an update. Curr
Kheumarol Rep. 2006;8(1}:7-15.
3. Murphy L, Schwartz TA, Helmick CG, ot al. Lifetime risk of symp-
tomatic knee ostecarthritis. Arthritis Rhewm, 2008;59(9):1207-1213.

4, Buclowalter JA, Saltzman C, Brown T. The impact of osteoarthritis:

implications for research. Clin Orthop Relat Res. 2004;(427 Suppi):
S6-515.

5. Fajardo M, Di Cesare PE. Diseasc-modilying therapies for osteoarthritis:
current status, Drugs Aging. 2005;22(2):141-161.

6. Frech 'TM, Clegg DO. The utility of nutraceuticals in the freatment of
osteoarthritis, Curr Rhewmatol Rep. 2007,9(1):25-30.

7.

£l

12.

13.

14.

15.

18.

£9.

20,

2L

Ameye LG, Chee WS. Osicoarthritis and nutrition. From mztraceuticals
to functionzl foods: a systematic review of the scientific evidence.
Arthritis Res Ther. 2606;8(4):R127.

. Frestedt JL, Walsh M, Kuskowski MA, Zenk JL, A natural mincrat

supplement provides retief from knee osteoarthritis symptoms: a ran-
domized coatrolled pilot trial. Nutr J. 2008;7:9.

. Cisar B, Jany R, Waczulikova L, et al. Effect of pine bark extract

{(Pycnogenol) on symptoms of knee osteoarthritis. Piytother Res.
2008;22(8):1087-1092.

. Sengupta K, Alluri KV, Satish AR, et al. A double blind, randomized,

placebo controlied study of the efficacy and safety of 5-Loxin for freat-
ment of ostecarthritis of the knee, Arthritis Res Ther. 2008;10(4):R85.
Bricn 8, Lewith GT, McGregor G. Devil's Claw (Harpagophytum
procumbens) as a treatment for osteoarthritis: a review of efficacy and
safety. J Altern Complement Med. 2006;12(10):881-993.

Huang TH, Tran VH, Duke RK, ct al. Harpagoside suppscsscs
lipopotysaccharide-induced iNOS and COX-2 expression through
inhibition of NF-kappa B activation. J Etfnopharmace!. 2006;104{1-2):
149155,

Shin HC, Hwang HJ, Kang KJ, Lee BH. An antioxidative and antfin-
flammatory agent for potential treatment of osteoarthritis from Ecklonia
cava. Arch Pharm Res. 2006;29(2):165-171.

Grieve M. A Modern Herhal. Harmondsworth, Middlesex, England:
Penguin Becoks Ltd; 1977,

Li B, Lu F, Wei X, Zhao R, Fucoidan: structurc and bioactivity.
Molecules. 2008;13(8):1671-1695.

. Kusaykin M, Balkunina I, Sova V] ot al, Structure, biological activity,

and enzymatic iransformation of fucoidans from the brown scaweeds.
Bigtechnol J, 2008;3(7):904-915.

. Frhimeh MR, Fitton JH, Lowenthal RM, Kongtawelert P A quantitative

method to detect fucoidan in human ‘plasma using a novel antibody.
Methods Find Exp Clin Pharmacol. 2005;27(10):705-710.

Cumashi A, Ushakova NA, Preobrazhenskaya ME, ct al. A compara-
tive study of the anti-inflammatory, anticoagnlant, antiangiogenic, and
antiadhesive activities of nine different fucoidans from brown seawceds.
Glycobivlogy. 2007;17(5):541-552,

Ritter LS, Copeland IG, McDonagh PE Fucoidin reduces coronary
microvascular leukocyte accumulation early in reperfusion. Amn Thorac
Surg. 1998;66(6):2063—2071; discussion 2072,

Zaragoza MC, Lopez D, M PS5, ct al. Toxicity and antioxidant activity
in vitro and in vive of two Fucus vesiculosus extracts, J Agrie Food
Chem. 2008;56(17):7773-7780.

Veena CIC, Josephine A, Preetha SP, Varalaksfuni P Physico-chemical
alterations of urine in cxperimental hyperoxaluria: a biochemical
approach with fucoidan, J Pharm Pharmacol. 2007;59(3):419-427.

Biologics: Targets & Therapy 2010:4

submit yorr manusaript | veradnvepress con
H i

43

Dovepwess



Myers et al

Dovepisss

22,

23,

24.

AnguloY, Lomonte B. Inhibitory effect of fucoidan on the activities
of crotaline snake venom myotoxic phosphofipascs A(2), Biechem
Pharmacol. 2003; 166{10):1993-2600.

Irhimeh MR, Fitton JH, Lowenthal RM. Fucoidan ingestion increascs
the expression of CXCR4 onr human CD34* ceils. Exp Hematol,
2007;35(6):989-994.

Trhimeh MR, Fitton JH, Lowenthal RM. Pilot clinical study to evaluate
the anticoagulant activity of fucoidan. Bleod Coagtl Fibrinolysis.
2009;20(7):607-610.

28.
29.

30.

Dubois M GK, Hamilton FK, Rebers PA, Smith F. Colorimetric methods
for determination of sugars and related substances. Anal Chem. 1956,
28(3):350-356.

Snijders TAB, Bosker RJ. Multilevel Analysis: An Iniroduction to Basic
and Advanced Multilevel Modelling. London, UK; Sage Publications;
1699,

Ong CK, Lirk P, Tan CH, Seymour RA. An evidence-based update
ot nonsteroidal anti-indammatory drugs. Clin Med Res. 2007;5(1):
19-34,

25. Li N, Zhang Q, Song J. Toxicofegical evaluation of fucoidan extracted 31, Hulejova H, Baresova V, Klezl Z, Polanska M, Adam M, Seaolt L.
from Laminaria japonica in Wistar rats. Food Chem Toxicel. 2005; Increased level of cytokines and matrix metalloproteinases in osteoar-
43:421-426. thritic subchendral bone, Cytokine. 2007;38(3):151-156.

26. Gideon TP, Rengasamy R. Toxicological cvaluation of fucoidan from 32, Machelska H, Cabot PJ, Mousa SA, Zhang Q, Stein C. Pain con-

27,

Publish your work i i .‘éth!ﬁ joumai

Cladosiphon ckamuranus, J Med Food. 2008;1£(4):638-642.

Brocks LO, Roife MI, Cheras PA, Myers SP. The comprehensive osteo-
arthritis test: a simple index for measurement of treatment effects in
ctinical trials. J Rheumatol. 2004;31(6):1180-1186.

Bloiogms Targets & "ﬂlerapy

trol in inflammation governed by selecting, Nat Med. 1998;4(12):
1425-1428.

EMBase, Scopus and the E!sewer Blbhographlc databases 'I‘he o
‘journal focusing on the patho-physiological, retionale for and clinical " inanuscript management system is completely online and includes .
+; application of Biologic agents m the management of autoimmune . ‘' very guick and fair peer-review systom, which is aff easy to use. *
. discascs, cancers or other pathologics where a molecu lar farget can - Visit http://www.dovepress. com]tcstlmomals php to read 1eai quotcs_ U
* be identified. This journal is indexed on Pubbled. Central, CAS, . ."from pubhshed authms : L

:'_S_u_bmit your manuscript here: _h;tp.!f_www.dpvgptcgs comfblolcgl:s -targess-therapy-journal - -

R Bmioglcs Targets & Thcrapy is an mtcrnatmnal peer—rewcwcd

44 submit your manusceipt | wenvdrepeossion Biologics: Targets & Therapy 2010:4

Doveprress



JUL 29 2010

APPENDIX &

BRI CoiDeleted

& MARINOVA




