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February 23, 2007

Program Manager, USDA/AMS/TM/NOP
Room 4008-So., Ag Stop 0268

1400 Independence Ave., SW.
Washington, DC 20250

Phone: 202-720-3532

Fax: 202-205-7808

Dear Program Manager:

Please find enclosed duplicate copies of GTC Nutrition’s petition to have Aquamin™ F,
seaweed derived calcium included on the National List of Allowed Substances in Organic
Production. If you have any questions or need additional information please contact me
directly.

Sincerely,

Sl ot

Luke R. Kazmierski

Quality Assurance and Regulatory Affairs Specialist
GTC Nutrition

Phone: 303-216-2489

E-mail: lkazmierski@ gtcnutrition.com

600 Corporate Circle « Suite H « Golden, CO 80401 « 800-522-4682 « www.gtcnutrition.com
A business unit of Corn Products International, Inc.



GTCNUTRITION

EEEEEEEEEEEEEEEEEEEE

Aquamin™ F

Petition for Inclusion on the
National List of Allowed
Substances in Organic Production

CBI - Deleted



E  Petition for Inclusion
| on the National List of
| Allowed Substances

Appendix 1
Process Flow Diagram
— CBI Deleted

Appendix 2
GRAS Letter

Appendix 3
Certificate of Health —
Ireland

Appendix 4
Organic Trust
Limited Certificate

Appendix 5
List of International
Regulatory Status

Appendix 6
MSDS

Appendix 7
Safety/Studies




Category 1. Adverse impacts on humans or the environment?

Substance: Aquamin F

Qucation Yes | No | N/A (TAP: peition; regulatory agency; other)

1. Are there adverse effects on ¥ There is no toxicity or environmental persistence as this

environment from manufacture, is a naturally occurring calcium source produced from

use, or disposal? mineralized seaweed found off the Irish coast. Please see

[§205.600 b.2] attached MSDS (See Appendix 6).

2. Is there environmental v There is no toxicity or environmental persistence as this

contamination during is a naturally occurring calcium source produced from

manufacture, use, misuse, or mineralized seaweed found off the Irish coast. Please see

disposal? [§6518 m.3] attached MSDS (See Appendix 6).

3. Is the substance harmful to the N There is no toxicity or environmental persistence as this

environment? is a naturally occurring calcium source produced from

[§6517c(1)(A)(1);6517(c)(2)(A)] mineralized seaweed found off the Irish coast. Please see
attached MSDS (See Appendix 6).

4. Does the substance contain List v There is no toxicity or environmental persistence as this

1, 2, or 3 inerts? is a naturally occurring calcium source produced from

[8§6517 ¢ (1)(B)(ii); 205.601(m)2] mineralized seaweed found off the Irish coast. Please see
attached MSDS (See Appendix 6).

5. Is there potential for v This product is inert.

detrimental chemical interaction

with other materials used?

[§6518 m.1]

6. Are there adverse biological ] This substance is intended as an ingredient in food

and chemical interactions in agro- products and exists as a naturally occurring calcium

ecosystem? {§6518 m.5] source produced from mineralized seaweed found off the
Irish coast. The substance is GRAS recognized (See
Appendix 2). Please see attached MSDS (See Appendix
6).

7. Are there detrimental ] This substance is intended as an ingredient in food

physiological effects on soil products and exists as a naturally occurring calcium

organisms, crops, or livestock? source produced from mineralized seaweed found off the

[§6518 m.5] Irish coast. The substance is GRAS recognized (See
Appendix 2). Please see attached MSDS (See Appendix
6).

8. Is there a toxic or other adverse v There is no toxicity or environmental persistence as this

action of the material or its is a naturally occurring calcium source produced from

breakdown products? mineralized seaweed found off the Irish coast. Please see

[§6518 m.2] attached MSDS (See Appendix 6).

9. Is there undesirable persistence ¥ There is no toxicity or environmental persistence as this

or concentration of the material or is a naturally occurring calcium source produced from

breakdown products in mineralized seaweed found off the Irish coast. Please see

environment?[§6518 m.2] attached MSDS (See Appendix 6).

10. Is there any harmful effect on ] There is no toxicity or environmental persistence as this

human health? is a naturally occurring calcium source produced from

[§6517 ¢ (1)(A)i); 6517 c(2)(A)i; mineralized seaweed found off the Irish coast. Please see

§6518 m.4) attached MSDS (See Appendix 6).

11. Is there an adverse effect on v This product is a naturally occurring calcium source

human health as defined by produced from mineralized seaweed found off the Irish

applicable Federal regulations? coast which is GRAS recognized (See Appendix 2).

[205.600 b.3]

12. Is the substance GRAS when N The GRAS Notice Number is GRN000028 (See

used according to FDA’s good Appendix 2).

manufacturing practices?

[§205.600 b.5]

13. Does the substance contain v This product is GRAS recognized and does not exceed

residues of heavy metals or other
contaminants in excess of FDA
tolerances? [§205.600 b.5)]

FDA tolerances (See Appendix 2).

'If the substance under review is for crops or livestock production, all of the questions from 205.600 (b) are N/A—not applicable.




Category 2. Is the Substance Essential for Organic Production?

Substance: Aquamin F

. 1 Documentation -~
Question ‘ Xes.. N (TAP; petition; regulatory agency; other)

1. Is the substance formulated or This is a naturally occurring unique red algae product

manufactured by a chemical process? known as Lithothamnium Corallioides found off the Irish

[6502 (21)] coast. Please see attached flow diagram (See Appendix
1).

2. Is the substance formulated or This is a naturally occurring unique red algae product

manufactured by a process that known as Lithothamnium Corallioides found off the Irish

chemically changes a substance coast. Please see attached flow diagram (See Appendix

extracted from naturally occurring plant, 1.

animal, or mineral, sources? [6502

€2))

3. Is the substance created by naturally ¥ Lithothamnium Corallioides is naturally occurring red

occurring biological processes? [6502 algae and therefore grows sublittorally for a number of

(2] years prior to becoming calcified and falling to the
seabed. Please see attached flow diagram (See Appendix
1).

4. Is there a natural source of the A The product exists in nature as red algae known as

substance? [§205.600 b.1] Lithothamnium Corallioides.

5. Is there an organic substitute? This is a naturally occurring unique red algae product

[§205.600 b.1] known as Lithothamnium Corallioides found off the Irish
coast.

6. Is the substance essential for handling | ¥ Please see attached an organic certificate from the

of organically produced agricultural
products? [§205.600 b.6]

Organic Trust in Ireland (See Appendix 4).

7. Is there a wholly natural substitute
product?
[§6517 c (1)(AXii)]

This is a naturally occurring unique red algae product
known as Lithothamnium Corallioides found off the Irish
coast.

8. Is the substance used in handling, not
synthetic, but not organically produced?
[§6517 c (H(B)(iii)]

This is a naturally occurring unique red algae product
known as Lithothamnium Corallioides found off the Irish
coast.

9. Is there any alternative substances?
[§6518 m.6]

This is a naturally occurring unique red algae product
known as Lithothamnium Corallioides found off the Irish
coast.

10. Is there another practice that would
make the substance unnecessary?
[§6518 m.6]

This is a naturally occurring unique red algae product
known as Lithothamnium Corallioides found off the Irish
coast.

'If the substance under review is for crops or livestock production, all of the questions from 205.600 (b) are

N/A—not applicable.




Category 3. Is the substance compatible with organic production practices? Substance: Aquamin F

netting, tree wraps and seals,
insect traps, sticky barriers, row
covers, and equipment cleaners?

" ' Al Documentation

Question Yes | No | N/A (TAP:; petition; regulatory agency; other)
1. Is the substance compatible R This substance is intended as an ingredient in food
with organic handling? products. Studies have shown the numerous health
[§205.600 b.2] benefits when consuming this product (See Appendix 7).
2. Is the substance consistent v This substance is intended as an ingredient in food
with organic farming and products. Studies have shown the numerous health
handling? [§6517 ¢ (1)(A)iii); benefits when consuming this product (See Appendix 7).
6517 ¢ (2)(A)ii)]
3. Is the substance compatible v This is a naturally occurring product found off the Irish
with a system of sustainable coast.
agriculture? [§6518 m.7]
4. Is the nutritional quality of the | ¥ This substance improves the nutritional quality of foods
food maintained with the in which it is added.
substance? [§205.600 b.3]
5. Is the primary use as a v The substance is intended as an ingredient in food with
preservative? [§205.600 b.4] no preservative effect.
6. Is the primary use to recreate N This substance which is intended as an ingredient in
or improve flavors, colors, food, is a natural, sea derived calcium and multi mineral
textures, or nutritive values lost source used for fortification and enrichment of the
in processing (except when nutritional value of food products in which it is added.
required by law, e.g., vitamin D
in milk)? [205.600 b.4]
7. TIs the substance used in ] This substance which is intended as an ingredient in
production, and does it contain food, is a natural, sea derived calcium and multi mineral
an active synthetic ingredient in source used for fortification and enrichment of the
the following categories: nutritional value of food products in which it is added.
a. copper and sulfur compounds;
b. toxins derived from bacteria; N/A
c. pheromones, soaps, N/A
horticultural oils, fish emulsions,
treated seed, vitamins and
minerals?
d. livestock parasiticides and v N/A
medicines?
e. production aids including v N/A

'If the substance under review is for crops or livestock production, all of the questions from 205.600 (b) are

N/A—mnot applicable.




NOSB RECOMMENDED DECISION

Form NOPLIST2. Full Board Transmittal to NOP

For NOSB Meeting: Substance:

A. Evaluation Criteria (Documentation attached; committee recommendation attached)

Criteria Satisfied?
1. Impact on humans and environment Yes [0 No [ (see B below)
2. Availability criteria Yes [ No [ (see B below)
3. Compatibility & consistency Yes [0 No [ (see B below)

C. Proposed Annotation:

B. Substance fails criteria?

Criteria category: Basis for annotation:
Comments: To meet criteria above: Criteria:

Other regulatory criteria: Citation:

D. Final Board Action & Vote:  Motion by: Second:

Vote: Agricultural Nonagricultural Crops

Yes: Synthetic Not synthetic Livestock
Allowed' Prohibited? Handling
No restriction Deferred4 Rejected®

No:

Abstain: __

1—substance voted to be added as “allowed” on National List
Annotation:

2—substance to be added to “prohibited” paragraph of National List
Describe why a prohibited substance:

3—substance was rejected by vote for amending National List
Describe why material was rejected:

4-substance was recommended to be deferred
Describe why deferred; if any follow-up is needed. If follow-up needed, who conducts follow-
up.

E. Approved by NOSB Chair to transmit to NOP:

Dave Carter, NOSB Chair

F. NOP Action: Include in FR to amend National List: []
Retum to NOSB []  Reason:

Richard H. Mathews, Program Manager




NOSB COMMITTEE RECOMMENDATION

Form NOPLIST1. Committee Transmittal to NOSB

For NOSB Meeting: Substance:

Committee: Crops []  Livestock (]  Handiing [J

A. Evaluation Criteria (Documentation attached; committee recommendation attached)

Criteria Satisfied?
4. Impact on humans and environment Yes [1 No [ (see B below)
5.  Availability criteria Yes [0 No [ (see B below)
6. Compatibility & consistency Yes [0 No [ (see B below)

C. Proposed Annotation:

B. Substance fails criteria?

Criteria category: Basis for annotation:
Comments: To meet criteria above: Criteria:

Other regulatory criteria: Citation:

D. Recommended Committee Action & Vote:  Motion by:

Seconded:

Agricultural Nonagricultural Crops

Synthetic Not synthetic Livestock
Allowed" Prohibited? Handling
No restriction Deferred4 F!ejected3

No:

Abstain:

1—substance voted to be added as “allowed” on National List
Annotation:

2—substance to be added to “prohibited” paragraph of National List
Describe why a prohibited substance:

3—substance was rejected by vote for amending National List
Describe why material was rejected:

4-substance was recommended to be deferred
Describe why deferred; if follow-up is needed. If follow-up needed, who will follow
up

E. Approved by Committee Chair to transmit to NOSB:

Committee Chair
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Category: §205.605(a) Non-agricultural (nonorganic) nonsynthetic substances allowed in
or on processed products labelled as “organic” or “made with organic (specified

ingredients).”

Item B:

1. Common name of substance:

Aquamin F, seaweed derived calcium (Lithothamnium Corallioides)

2. Manufacturer’s information:
Marigot Limited,

Strand Farm,

Currabinny,

Carrigaline,

Co. Cork,

Ireland

Marigot Limited Asia-Pacific Office,
52 Turton Avenue,

Clemton Park,

NSW 2206,

Sydney,

Australia

3. Intended or current use:

Ingredient in food products

4. Handling activity:
Aquamin F is normally added to other dry ingredients.



5. Source and manufacturing procedures:

The raw material is a naturally occurring calcium source produced from mineralized
seaweed found off Atlantic Waters of the Irish coast. Aquamin F is then produced by
washing and milling the seaweed derived calcium. Please see attached flow chart

(see Appendix 1).

6. Summary of previous regulatory reviews:
GRAS letter (See Appendix 2)
EU Health Cert (See Appendix 3)

7. Information regarding regulatory registrations:

List of international regulatory/claim status (See Appendix 5)

8. CAS number:

None

9. Chemical properties and mode of action

A) The substance, Lithothanium consists mainly of mineral substances (95-
99.5%). The main constituents are calcium carbonate (32 to 36%) and
magnesium carbonate (2.7 to 3.3%) as well as another 70 trace minerals.

B) There is no toxicity or environmental persistence as this is a naturally
occurring calcium source produced from mineralized seaweed found off
the Irish coast.

C) This type of product has no significant effect on the human environment
due to it being a naturally occurring calcified seaweed found off the Irish
coast.

D) Effects on human health are attached (See Appendix 7). Generally the
product is used for the improvement of human bone health. It has been
demonstrated to positively influence bone resorption markers and bone

density, thus stimulating an overall improvement in bone health.



demonstrated to positively influence bone resorption markers and bone

density, thus stimulating an overall improvement in bone health.

10. Safety information:

MSDS attached (See Appendix 6)

11. Research reviews provided:

The research reviews provided pertain to health benefits (See Appendix 7).

12. Petition justification statement:

The product falls under the category §205.605(a) Non-agricultural (nonorganic)
nonsynthetic substances allowed in or on processed products labelled as “organic” or
“made with organic (specified ingredients).” There are currently no organic
equivalents of the product available. The product is not synthetic, it is a naturally
occurring calcium source produced from mineralized seaweed found off the Irish
coast. Therefore Aquamin F should be included on the National List, as it provides a
valuable source of highly bioavailable, lactose free, naturally occurring calcium and
73 other trace minerals. Aquamin F is easily incorporated into a wide range of foods,
snacks, beverages and dietetic foods and leads to interesting documented health

benefits at low inclusion levels.

13. Commerecial confidential information statement:
The process flow chart for the manufacturing of Aquamin F is considered confidential

business information (CBI). This diagram is located in Appendix 1.
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DEPARTMENT OF HEALTH & HUMAN SERVICES  Public Health Scrvice

Food and Drug Administration
Washington, DC 20204

April 21, 2000

Mr. Michael Ryan
Marigot Ltd.

Strand Farm, Currabinny
Carrigaline, Co. Cork
IRELAND

Re: GRAS Notice No. GRN 00002%
Prear My Ryane

The Food and Drag Administration (FDA s responding to the notice. dated July 9. 1999,
that vou saboitted i accordance with the ageney’s proposed secalation, proposed )
CUTR 7030 (60 TR OIRGAR Aprl 17, 1997 Subsiances Generally Recopnized us Sale
(GRAN ) DA recenved the notice on July 28, 1999 and desivnated 1t as GRAS Nonce
N GRN 000028

Fhe subject of the notice 18 a prodoct that you call “calcibied seaweed™ o "Maer! 7 The
notice informs FDA of the view of Marigot. Linnted (Marigot that "calcitied scawceed”
derived from Phivmatolithon calcaieum or Lithothamniwm corvallioides is GRAS.
through scientific procedures, for use as a source of dietary calcium for food enrichment
and fortification purposes. The typical level of use of "calcified seaweed" is less than 2
per cent and the maximum level of use is 4 per cent.

According to your notice, "calcified seaweed" is a naturally occurring photosynthetic
product, of marine origin, that accumulates in submarine banks or deposits over time.
Although its composition can vary depending on the point of harvest, season, or depth of
the deposit, it typically contains 84.2 per cent calcium carbonate and 11.4 per cent
magnesium carbonate. The balance is moisture (typically 0.5 to 2.0 per cent) and trace
elements. Given this composition, it is the view of the Office of Premarket Approval that
the term "calcified scaweed” does not adequately describe the substance that is the

subject of your notice because it implies, inaccurately, that the characterizing property of
the substance 1s "seaweed" rather than "calcium.” Therefore, tor the purpose of this letter,
we are using the term "seaweed-derived calcium” to describe the subject of your notice.
We have provided a copy of your notice to Mr. John Foret, Office of Nutritional Products,
Labeling, and Dietary Supplements, Division of Compliance and Enforcement, Center for
Food Safety and Applied Nutrition, HFS-156, 200 C Street S'W., Washington, DC 20204.
We recommend that you contact Mr. Foret to discuss the common or usnal name that
would be used to identify seaweed-derived calcium in the ingredient statement of tood
products that contain this ingredient and would be marketed in the U.S. You can reach



Mr. Foret by telephone at (202)205-5229, by telefax at (202)205-4594, or by electronic
mail at JForet@cfsan.fda.gov.

In your notice, you provide a typical range for the levels of the major components of
seaweed-denved calcium (i.e., calcium, 31 to 34 percent; magnesium, 2.8 to 3.3 percent:
and moisture. less than 5 percent). You also provide a typical range tor the levels in the
final product of trace clements such as lead (less than 0.9 parts per million (ppm), 1odine,
boron, and selenium. In the section of vour notice entitled "Specifications.” you note that
seaweed-dertved calcium is a natural photosynthetic product ol marine origin that is
subject to variation, and that the typical values provided are subject to some seasonal
varatlon.

The major component of scaweed-derived calcium, calcium carbonale, is atfirmed as
GRAS for use m food with no limitation other than current good manufacturing practice
(21 CFR 184 1101). Scaweed-derived calcium is processed using a certitied 1SO 9000
procedore tor toed grade products. The seaweed-derived coleiom s sterhzed and
deodonzed ina Beated solunion ot hydragen perexide for Y0120 pinutes. depending on
the rate of decomposition of the hyvdrogen peroxide. Tos then milled and bagged undes
stertle eondibons,

YVou ndend to nse seavceed derived calomun s asewrce ot calciung o feod prcducts sech
as brsemnts, pasta, bard candy Clomiato poiee. soveomitik. sova dessernts and yoghurt, danrs
voshun diry desserts . dietetic toods, and ~oups. at atvpacal Tevel of essothan 2 pereent
Aveording 1o youy netice. the use ot “ceaweed-dernved cateium™ s Bsmined by iy effecrs
on palatabiiity and wextare, with an upper mit of 4 per cent

Based on the information provided by Marigot, as well as other information available to
FDA. the agency has no questions at this time regarding the conclusion of Marigot that
scawced-derived calcium s GRAS under the proposed conditions of use. The agency has
not, however, made its own determination regarding the GRAS status of the subject use
of seawced-derived calcium. As always, it 1s your continuing responsibility to ensure that
food ingredients that you market are safe. and are otherwise in compliance with all
applicable legal and regulatory requirements.

In accordance with proposed 21 CFR 170.36(f), a copy of the text of this letter, as well as
a copy of the information in your notice that conforms to the information in proposed 21
CFR 170.36(c)(1), is available for public review and copying on the Office of Premarket
Approval's homepage on the World Wide Web.

Sincerely,
/s/
Alan M. Rulis, Ph.D.
Director
Office of Premarket Approval
Center for Food Safety and Applied Nutrition
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ORGANIC TRUST LIMITED
CERTIFIED PRODUCTS SCHEME

This is to certify that the Organic Trust Symbol
under the Certified Products Scheme
has been awarded to

AquaMin * AquaCal * SeaCal * Acid But
BioFilter Media * Dri-Li * Lithothamnion Powder

The OT Certitied Products Scheme covers approved products acceptable
for use in organic systems- such products lie cutside the
legislative scope of (EEC) Regulation 2092/81 as amended

Certification for above product has been granted to

Marigot
T/A Celtic Sea Minerals
(Michael Ryan, Denis O'Neill & AP Stanway}

at
Strand Farm, Currabinny Carmgahine, (o Cork

Celtic Sea Minerals, Dinish islarid Castietownbere. Co Cork
Microferrn Ltd, Spring Lane North, Matver {ink Worcestershire WR14 1BU

| symbol Nbly CP300 Valid until: 31.12.2007

a Signed: Date: 01.01.2007
NationJ

Co-ordinator of the Organic Trust Ltd,
Vernon House, 2 Vernon Avenue, Clontarf, Dublin 3.
Telephone/Fax: 01 8530271. Email: organic@iol.ie

The Organic Trust Limited is an EU Approved Organic Certification
Body. EN45011 compliant.
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Regulatory Status/Claims 3/2006

Argentina

Food Ingredients — Approved
Australia/New Zealand

Whole Food, Seaweed Calcium — Approved
Austria

Food Ingredients — Approved
Belgium

Food Ingredients — Approved
Brazil

Food Ingredients — Approved
Canada

Food Ingredients — Approved
Chile

Food Ingredients — Approved
Colombia

Food Ingredients — Approved
Czech Republic

Food Ingredients — Approved
Denmark

Food Ingredients — Approved
Finland

Food Ingredients — Approved
France

Food Ingredients — Approved
Germany

Food Ingredients — Approved
Italy

Food Ingredients — Approved



Japan
Whole Food, Seaweed Calcium — Approved
Mexico
Food Ingredients — Approved
Norway
Food Ingredients — Approved
Poland
Food Ingredients — Approved
Portugal
Food Ingredients — Approved
Slovenia
Food Ingredients — Approved
South Africa
Food Ingredients — Approved
South Korea
Whole Food, Seaweed Calcium — Approved
Spain
Food Ingredients — Approved
Sweden
Food Ingredients — Approved
Switzerland
Food Ingredients — Approved
Taiwan
Whole Food, Seaweed Calcium — Approved
Thailand
Whole Food, Seaweed Calcium — Approved
The Netherlands
Food Ingredients — Approved
The Philippines
Whole Food, Seaweed Calcium — Approved



Turkey

Food Ingredients — Approved
United Kingdom

Food Ingredients — Approved
United States of America

Food Ingredients — Approved



MARIGOT

IRELAND LTD

MSDS 1 REVISION 6 ISSUED BY October 2004

To conform with ISO 11014 -1 | R&D, MARIGOT Lxd. Page 1 of 4

1. Product and Company Identification

BOTANICAL NAME: Lithothamnium corallioides/Lithothamnium calcareum
SYNONYMS/ Aguacal®, Aquamin®F, Aquamin®TG
TRADE NAMES:
SUPPLIED BY: Marigot Ltd.,
Strand Farm, Tel: +353 21 4378727
Currabinny, Fax: +353 21 4378588
Carrigaline,
Co. Cork.
Republic of Ireland.

2. Composition Information on Ingredients

Aguacal®, Aquamin®F, Aquamin®TG comprises a mineralised seaweed extract (sp.
Lithothamnium) with the principal mineral constituent being Calcium Carbonate.

3. Hazards Identification

Prolonged exposure to powdered products may cause mechanical irritation to eyes and
lungs.

4. First Aid Measures

Exposure Route Symptom Treatment

Inhalation Mild Irritation Remove from exposure. If
symptoms continue seek medical
attention.

Eye Contact Irritation Rinse thoroughly with water for

at least [5 minutes. If irritation
persists seek medical attention




M.S.D.S 1 REVISION 6 ISSUED BY October 2004

To conform with ISO 11014 -1 | R&D MARIGOT Ltd. Page 2 of 4
Exposure Route Symptom Treatment
Ingestion Mild Irritation Wash out mouth with water. If

patient feels unwell seek medical
attention.

5. Fire Fighting Procedures.

Does not support combustion.
Suitable Fire Extinguishing Media

Hazardous Combustion Products.

Standard media such as powder,
foam or water are suitable.
N/A

6. Accidental Release Measures

Safety Precautions

Clean up procedure

Use goggles, dust mask and gloves
as per GMP, particularly in
instances of high dust concentration.
Shovel, sweep, vacuum.

7. Handling & Storage

Appropriate measures should be taken to avoid formation of dust. Local exhaust
recommended if handling large quantities. Store in a cool, dry area.

8. Exposure Controls/Personal Protection.

Personal Protective Equipment:

Respiratory Protection:

Hand:
Eye:
Skin:

Approved dust mask in high dust

concentrations.

Gloves

Goggles
Overalls




M.S.D.S 1 REVISION 6

ISSUED BY October 2004

To conform with ISO 11014 -1

R&D MARIGOT Ltd. Page 3 of 4

9. Physical & Chemical Properties

Appearance

Aquacal®
Aquamin®F
Aquamin®TG

Decomposition Temperature
Flashpoint

Flammability

Solubility

Cream/off-white, fine, odourless powder.
Cream/off-white, fine, odourless powder
Cream/off-white, free flowing odourless granules.

>850°C

Not applicable.

Does not support combustion

Insoluble in water, alcohol and most organic
solvents.

10. Stability & Reactivity

Stability

Potentially hazardous reactions
Conditions to avoid

Materials to avoid

Stable under normal conditions.

Reacts with acids liberating Carbon Dioxide
N/A

Acids.

11. Toxicological Information

Local Effects

Fine powders may irritate the upper respiratory
tract, prolonged skin contact may cause irritation to
the eyes. Unlikely to be hazardous if swallowed.

12. Ecological Information

Environmental Effects

Insoluble in water and can easily be separated
from aqueous systems by sedimentation or
filtration.

Aquatic Toxicity N/A
13. Disposal Considerations
Landfill Comply with local authority regulations.




M.S.D.S 1 REVISION 6 ISSUED BY October 2004

To conform with ISO 11014 -1 | R&D MARIGOT Ltd. Page 4 of 4

14. Transport Information

Not regulated as this product is not classified as dangerous goods.

15. Regulatory Information

No risks or hazards. Not regulated. Conform with local authority regulations.

16. Other Information

These products are intended for use as food ingredients and in dietary supplements.

The information provided in the MSDS is correct to the best of our knowledge,
information and belief at the date of its publication and is in our opinion consistent
with the state of general scientific and technical knowledge at that date. MARIGOT
LTD. cannot accept liability for any loss, injury or damage, which may result from its
use.

In compiling this MSDS we have taken into account all proper applications of the

material of which we are aware. It is the responsibility of any intermediate supplier to
ensure that the information contained in this MSDS is passed to the ultimate user.

Strand Farm e Currabinny « Carrigaline « Co. Cork, Ireland « 353-21-4378727 « www.marigot.ie



VII. Meta-Analysis of Calcium Supplementation for the
Prevention of Postmenopausal Osteoporosis

BEVERLEY SHEA, GEORGE WELLS. ANN CRANNEY. NICOLE ZYTARUK, VIVIAN ROBINSON.
LAUREN GRIFFITH, ZULMA ORTIZ. JOAN PETERSON, JONATHAN ADACHI. PETER TUGWELL.

GORDON GUYATT. THE OSTEOPOROSIS METHODOLOGY GROUP,

RESEARCH ADVISORY GROUYP

A Abhstract

Objective: To summarize controlled triads examinmy the
eitect of caloum on bone densaity and tractures in postmenc
pausal women

Data Source: We scarched MEDIEINE and F MBASE up 1o
1995 and the Cochrane Controlled Register up 1o 20000 g
woeevamined atations ot releyant articles and priceedings ot
mternational mectings We contacted osteoponsis imvests
pators tordentify additional studies and pomarey authors for
unpublished data

Study Selection: We indluded 13 trials (1806 patients) that
tandomized postienopausal w onmen to calauanm sapplemen
tateon or usual caloum mtake m the dict and reported bong
muncral density ot the totd body vertebral pine. np oo
o1 recorded the nuniber o tractures aad tallow ed
cotrents tor at feast 1o

Data Extraction: 1 or cach trial three vedependent res wew
v~ assessesd the methodotogicat guabity and evrracted data

Data Synthesis: We tound calcinnm (o b mone cttecting
thai placebo m reducimg rates ot bone loss Gtter ta oo more
treatment The pooled ditterence o percentag
Change rrom baschne was 20570 1957 conbrdence intery al
021 ARe| tor total body bone density 1 ey Cl
42 2393 tor the lumbar spime, Tod 95 CHO 70 237 oe
the lopeand 191 9S™ CTO 3 33N ton the distal rados
The relative risk (RR) of tractures of the vertebrae was 0677
with a wade CHO3 CHESE 1T 09); the RR tor nomvertetsal
tractures was QR (W37 (1043 17

Conclusions: Calcium supplementation alone has a ~mall
positive eftect onbone density: The data show a trend tosard
reduction in vertebral fractures, but do not meanmgtulhy
address the possible ettect ot calaum on reducing the ina
dence of nonvertebral tractures

hoearm

Aedrs ot

[V

B Introdduction
Ol AL THE available preventive strategios tor osteo:
porotic fractures, calcium is the simplest and least
vapensive  An essential nutrient with minimal todoty, cal
aum supplementation s nevertheless not without contro-
versy (1.2) The Food and Drag Admianistration in the United
States has permitted a bone health claim for calcum rich
toods and the NTH in its Consensus Development Process

Attrres mtion= CL Comtidence rer al, RE T randonuzed cortrallod

RR rebative nsb

trial

~

wh THE OSTEOPOROSIS

approved a statement that huigh caloum mrake reduces the
nsk ot \nsh'npur(\\lw

Cumnung of al (3) reviewed both obseryationat and con
trofted luncal trials relating calcium imtake W tracture ima
dence Observational ~studies otten provide brased estinuates
and the authors did not tind conctusis ¢ cuodence of benett
trom the controlled trals alone. Furthermaore they Jdid not
craminge the eftect ot calcium supplementation on bone mins
crat density (3 Mackerrasand Lumley (D conducted a meta
analvsis of randonized controtled trials (RC T<) evamming
the chect of increasing caloum ingestion on bone density e
wormen, but therr anabysic omitted 4 of the 15 avarable stud
s tailed to contact authors to obtam missnyg data and
danty data report accuracy . and did not address the eftecton
teactures, We have therctore conducted a sastematic 7oy on
o quantity the eftect ot caloium supplementation on post
ocnopansal bone foss and tractures

[RETES

cundence regarding map antiosteoporotie theraps

e ttons i~ the sesenth m our senes i‘n'\t'ﬂluin{ Re
KRR

tevc s e prosented the rationale oy the scres and desaontsest

e detar] the methods commaon to cach syvstematic review i
thi~ anadvars we will broethy summarize our methods g
cnnstder the ettect of caliium supplementation atone We

Jdeal wath studies that exanmined the eftects of calowim and
vitamin D yiven together in the next section

O Method~

Iobschieaon cuteria We developed and publbished anca gerier
protocol according to the methods recommended by the
Cochrane Collaboration (3). Studies satistied the tollowing,
mdlusion cateria, as indicated in Section T as well as the
tollowing. 1) RCT< of caleiam supplementation i women
older than 15 v with absence of menses tor o mimmum ot
6 months; 2) treatment with doses of calaium at least B
my - d We also included RCTS i which both active and
control groups recetved o maintenance dose ot vitamm 1,
providing the loading dose was no more than S0000 1L and
the maintenance dose was no more than 100 U d (6 ™

2ostudy scardi and selection To identity RO T o caloum
~upplementation  we evaluated MEDLINE and 1 MBASE
trom January 1966 to Apnl 1998 ncluding Current C ontents
ot the 6 months betore April 1998, and the Cochrane Con
trolled Trials Register up to 2000 (8. 9) We also condudcted
hand scarches ot bibliographic reterence: We asked vontent
evperts taadentity published or unpublished relevant Rt RS
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Petemtially relevant RCTs
identified and acrecaed for
retricval {n=66|

Fodocrere Hoviow s Aupust Jo0d oAby Hh4 583

RCTs excluded, with reasons

RCTs retrieved for more detailed
evaluation |n=23}

[n=43)

RCT3 exciuded, with reasons [B=7), combined
with vitamin D, males, trial duratioa <} year,

- ’ measure of bone deasity exclusive at the ultra
distal forearm site

Petentially appropriate R('Ts to
be included in the meta-analysis
[w=16]. Authors contacted for
missing data, 13 provided
additional data

RCTs included in meta-analysis
{n=}5}

RCTs excluded from the meta-
analysis, with reason [2=1], asthor
was not able (o provide apprepriate

data
RCTs with useable information,
by outcome |n=~15}
[1806 patients|
{953 calcium]
Fro 1 Resalts of ~carch tor elinble ~tudres

we had overlooked Tworeviewers ()., B S yoxamimed each
title generated from the search and identitied potentiathy
eligible articles for which we obtained the abstracts For
abstracts consistent with studv eligibility, we ebtained the
full article text

H

5 oMethodologral quality. Three reviewers (11 N/, BS)
rated the methodological quality of cach ehgible study with
respect to whether patients, caregivers, and those measuring
outcome are blind to allocation, and the extent of Joss to
tollow-up

4 Relabadity of judeements. We used more than one reviewer
in the selection of studies the assessment of methodological
quality, and the extrachon ot data For all aspects of the
review i which raters made duphcate judgements, they
resolved disagreements by consensus  The interobserver
agreement measured for the quality assessment with w (1)
tor blind to allocation 085, and for follow -up was 0 9

v Y prers hypotheses reqardnig heterogeneity. To explore reo
sons tor large differences in results betw een studies theter

ogeneity) we developed da prorr iy potheses relating to the
methodological quality ot the study, the study population.
and the dose and type of calcium administered Specitically,
we compared results in RCTs grouped in the following wavs
1} different methodological quality (randomization con-
cealed or unconcealed; blinded or unblinded, extent ot loss
to tollow-up); 21 difterent doses ot caleium supplementation
(above and below 8 mg /d, a value that approximates the
median dose of calcium supplementation in the cligible tri
alsy); 3) type of calcium formulation {a manuscript reviewer
suggested this hypothesis); 4) early postmenopausal women
{ 5 vr)and late postmenopausal women (5 vr), 5) ditferent
fevels ot baseline calcium intake {less than or greater than 730
my, a value that approximates the median basehne mtake in
the ehgible trials) and 6) tor forearm and hip bone density,
subregion of measurement.

o Surtishicd analysis Foreach bone density site tlumbar spime
total body, combined hip. and combined torearm), we cal
culated the weighted mean ditference in bone density be-
tween treatment and control groups using the percentage
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BMCO Bone muneral content

“Refer s o priors hypotheses regarding heterogeneny defimng primary and secondary prevention
" BMD ¢lem? lumbar spine, corrected to Hologic measurements with ~b i parenthesis

Perimenopausal women randomized. only postmenopausal women mctuded in analvsis torearm BMC mg/mm

Secondary Prevention

Uheryghiery O 4% (0 11 1) 1 88

Recher (whrpctires) U S8 (1) 3516 G 97
Recker tw/o fractures) 1 % {0 7010 262
Rend 00 45 {0 11 to 1V Y4y

Rigas 0 X (0 I to 2 18)

Hansson 087 (0 1017 71

Pooied Eshmate 0 77 (0 54 to 1 08)

Fuoo2

TARBLE ¥ Weighted RE of fracture After treatment weth calerum

Nooof Siuple
Fractare it s
trials Sy
\Vertebral ) HT6
Non vertebral 2 222

P <eore not o lalie

' > t (e 3%

s 9Ly b *

, - (= 98)

O N RN ¥ 2]
RS fir =177y
I PrRLER I H

b -#-4 (n = 578)

0 1 10

Relative Risk, 95% CI

RR of sertebral trivtuee after treatment with cloam

KR 93 (1 RR t th;rngvnml\
value I' calue
07710541 091 014 40
086 (0 431 721 0 66 0.54

We interpreted P - 005 as indicating important between study differences in resuit=

chanpge trom baseline in the treatment and placebo groups
and the assodiated sp values We constructed  regression
models m which the independent variables were vear and
dose, and the dependent variable the etfect size. and we used
this regression to determime the vears across which pooling

was appropriate To assess whether the mognitude ot het
erogeneity (differences in apparent treatment eftect across
studies) was greater than one might expect by chance. we
conducted a test based on the y7 distribution with N-1 de-
grees ot freedom. where Nis the number ot studies (11
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TARLF ¢t Werghted miean difterence of bone den-aty after treatiment wath codooam
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173 Distal radius 6 615
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Primary Prevention
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Eiders 2 7V (066t 4 76,
Rus 165{521101491) ‘
Strause 2 28 { 1 47 10 6 03]

Pamary Tnal Eshmate 1 06 (0 44 to ¢ 56)

Secondary Prevention
Chevally 0 30 (-3 31 to 3 81)
Oawson-Hughes (late) 0 86 (-0 28 o 2 00)
Eders 1 37 (0 52 to 3 25}
Reid 1 48 (0 18 to 2 78)
Riggs 2 42 (1 4010 3 43)
Neison 1 50 (0 10 to 3 10}
Nedgon® 3 40 ( 2 48 to 4 34)

Secondary Tnai Estunate 1 B6 (1 02 to 2 68)

Pooled Estmate 1 66 (C 82 to 2 39)

vt o
Weoghted mva: P e 'wh‘lmg:wuxlw

dillerence 957 O \

' value

20581024 3 K6 008 001

1 661092249 0ol v 02
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164070257 001 [TR{%

1916038, 3 50 002 00t

05 a~ andwating important between studs differences e resote-

- . i
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&
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Foreach tracture anals sis we calculated a nsk rato (a RR
using methods described by Fletss (11) We denived risk
ratios by constructing two-by -two tables for vertebral and
nonvertebral tractures We tested tor heterogeneity using o
voprocedure (12)

We tested whether our a priors hypotheses could explam
variability in the magnitude of treatment etfects across stud
1es using a procedure described by Hedges and Olkin (12)
To test for publication bias, we constructed plots of the re
lationship between sample size and the magnitude of the
treatment ettevt

1) Results

I osearchiresults Figure 1 presents the results ot our search tor
cligible studies Flectronic and hand searching uncovered a
total ot 66 published papers that addressed the relatonship
between colcium intake and bone mineral density Twenty-
three described ROT< (6, 7. 13-33) ot which 7 were eacluded
tor various reasons including combimnation with vitamin D
(24, 33) male participants (31, trial duration less then 1y e
(36}, 32, or measurement ot bone density exclusively at the
ultra-distal torearm site (27 28)

O the 16 authors ot eligible studies whom we contacted
for missing data, 13 provided additional data (6, 7 13-23)
We had to exclude one study due to lack of the data regarding
error terms for the analysis (24). and we were unable to
contact one investigator (26), although the study provided
sutticient data tor mclusion Thus, 15 RCTs both tulfilled out
ehigibihty critenia and provided useful data tor pooling (6.7
13 2325 26) Of the 13 investigators who did provide ad-
dittional data, 11 were able to provide us with all the infor
mation we sought (6 71420, 22, 23), whereas the other
2 provided us with some ot the intformation we regquested
(13, 21

Postiedu charactersstics The 15 ROTs included 1806 patients
ot wham Y33 patients received calcium supplementation
[able | summarizes the characteristics ot these studhes Ot
the 15 studies 1V iny estigators contirmed that the random
ization was concealed (60 70 13-23) 13 mvestigators con
tirmed that patients, caregivers, and those measaring out
come were blind to allocation (6, 7, 13- 23) None ot the trials
had between 170 and less than 5% oss to follow -up, 13 traks

=0

had a loss to tollow up between 570 and 207 and 2 inals lost
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more that 200 o then patients. We were unable to obtain the Gl 2w ot welow up by D calaium showed an ettect o

methodology intormation tor tw o at the triais (25, 26)

Fhrctioes Tive studies mcluding 576 women reported tra

tures a~ an outcome (6. 16 20, 23, 25) AH bive trials imves
tigated the mtluence of calcium supplementation on yerte
bral tractures  The pooled RR indicated a nonsigniticant
trend teward reduction in s ertebral tractures in the calcium
group (RROT7 057 CTOS -1t0o, 7 044 Fig. 20 The two
trnals (6 23) that reported nonvertebral fractures had very
tews events, and the CHon the pooled estimate 1s theretore
very wide (RR 086, 930 ¢l o431 721 V60 Htor both
vertebral and nonvertebral fractures, the eftect of caloum
was consistent across trials theterogencity 2 040, 051
tespectively; Table 2). The tunnel plots provided ne evidene
of publhication bias

o Bons eweral densite Table 3 summarizes the impact ot
calctiam on bone mineral density at the tour siles swe exant
med - Ouraimbial analvses sugpested that we could ponl
actess vears mathnstances but one. the lumbar spine. Here,
the estimated eftect of calcium foryvr 3and 4 was actually less
than tor vr Tand 2 (Table 3) For all sites but Tumbar spime

e

P

between Toandjust oves i bone density

At all sites) we tound considerable vanability i estimates
ot effect across trials reflected it statistically signiticant tests
ot heterogeneity Funnel plots provided no persuasive evie
dence of publication bias

Our search tor explanations ot this heterogeneity proved
largely truitless (Table 1) For the total body measurement
we observed a statistically significantly greater eftect m pri
mary studies, and with smalier doses ot
calaium than larger doses For fumbar spine at 2 v the ethect

than secondan

was in the opposite direction, suggesting a larger impact of
higher doses

Wedid hnd an apparently greater ettect ot caloum carbonate
than calerum ditrate on total body bone densitty and on the hip
sitee (Table 3) However, the trend tor the lumbar spine mea-
surements was in the opposite direction (arger cffects with
calium atratedr Morcover the total body and hip <ite analy e~
were based o only a single RCT usimg calcium vitrate and two
RC T< using calcium carbonate Thus, any inferences based on
this anatvsis are exdtremely weak. No other subgroup analy sis
showed statistically signiticant results
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FooIhacnussion

Fhis sasternatic review s restrrcted to calomm sapplemen
tatien svith muimal vitanun D Farge studies ot vitapun D
Bave shown contlicting results (29 33) We summarize the
dota trom all randomized trials o vitanun [ an Secbrons Vi

Chur dala suggest a relabnv el small, but posciblv impuor
tant. eftect ot calcium supplementation on bone denstty i
postmenopausal women  The mterence that calcinm
Ctedses bone density is strengthened by the comsisteney of the
tinding across toar sttes of mcasurement (Table 3 The n
terence s how ever, weakened by the large loss to tollow uys
tmost ~tadies thablde Trand by the unesplamed heteroge
ety of results across studies (Yahiles Y and H

Fo e~tablish the ettect ot calarum supplementatbion on
relatively long trials mea
~unng tracture incidence We faund onlyv b RC TS that
measured tracture rate The point estimate trom the meta
analvers o these tive studies suggested o potentially im
portant reduction an vertebral tractures (RR 077 9570 ¢
[RECE IR I A i, RR O77) and a smatletr reduction in
risk of nionvertebral fractures (RR 086 9370 Lo 43 172
i D6y Thus even tor vertebral hhactures o true un
Jechving substantial reduction in the RR ot fractures (460
o small increase in the RR of tractares (1000 Both remam

ltactures \\(!Uld requine ||lr‘1!,

prhauabsbe

The estimates provided by oo analvse are bonted
ereblemis nherent i the ongmal stadwe indluding, a fack o
perotormaty o ontcomie measures Too 99 Juinyg the C o
teren con Outcome Measares nr Rheumatology © hoeead b
A CONERACT Y participants agreed ona patential core <ot
A care ot il
porrt e companson ot data across all tnals b pertorm

G ouh oine measures tor osteoporosis 34
b

woutate meta anabvses The primane outcomes sl e the
Dumier cfow omen EXPOTICHOTTE 0w ey crichval and ver
tebrat troctures idhmical and radicgraphic), bone mimerol
density and tovacity tmeasured by owithdrowals and <nde
cticctr as recommended by the OMERACT yroap i 1997
s

Voo well as considering these ssues Tuture v e-tipa
trons ~hould take care with the selection ot study patients
the dose and formulation of calciam  adminmistration
and the measures ot outcome When they select ~tudy
poputations, investigators should also consider factors
that may antiuence the ettectiveness of calomm supple
mentation mcluding age vears since menopanuse dictary
calaum intake, and vitamin D status, in oselectimg stady
populatians Site ot bone density measurenment. ty pe and
precision ot the instruments, and defination o friactung
may also inttuence the apparent magnitude ot treatnent
vitecds

In sumimary . we tound small but statisticatly signrheant
and potentially impaortant eftects ot caloium supplementa
Hon m bone dass over a 2t penod Fosuring adequate cal
cm intake mav be important tor o svariety of reasons o
Audimg ats role as part ot anintervention that mcludes
another agent such as vitanun D or bisphosphonates Thc
magnitude of reduction m tracture rsk with caloam sup
plementation alone remams an apen guestion

Giavot ot ol o Mets Anabvaes of Ostecpoross Theoagpes
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Beneficial Effect of Calcium Derived from Lithothamnion corallioides on Markers of

Calcium Metabolism in Pre-Menopausal Women

ABSTRACT
Objective: This pilot study tested the hypothesis that calcium derived from a novel botanical
source could demonstrate greater influence over the markers of calcium metabolism when
compared to a conventional calcium carbonate supplement.
Design: This study was a double blind crossover trial.
Subjects/Setting/Intervention/Main Qutcome Measures: Twelve fasting female subjects
received a single oral dose of Lithothamnion corallioides (Aquamin F), calcium carbonate or
placebo. Blood and urine samples were collected at baseline and over the 12-hour treatment
period. lonized and total calcium and parathyroid hormone (PTH) were measured.
Statistical Analyses Performed: Bascline characteristics and primary outcome variables were
compared using paired t-tests and repeated measures ANOVA with Greenhouse-Geisser
correction. Statistical significance was established at p < 0.05.
Results: Subjects treated with Aquamin F demonstrated significantly greater urinary clearance of
calcium after 12 hours as compared to placebo (p = 0.004). Following the meal at 90 minutes,
subjects treated with Aquamin F demonstrated a more prolonged suppression of serum PTH
concentration, remaining significantly lower than placebo at 90, 120 and 240 minutes. Calcium
carbonate provided an intermediate response, urinary clearance was not significantly different
from placebo treatment and PTH was only significantly lower than placebo at 90 minutes.
Conclusions/Applications: Aquamin F may demonstrate greater influence over bone

metabolism than calcium carbonate, as suggested by a greater calciuric response and a more
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prolonged suppression of serum PTH concentrations following a meal in pre-menopausal
women. Although additional studies are needed, Aquamin F may represent a significant

improvement over currently available dietary calcium supplements.
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Beneficial Effect of Calcium Derived from Lithothamnion corallioides on Markers of

Calcium Metabolism in Pre-Menopausal Women

INTRODUCTION
Osteoporosis is a major clinical problem affecting about 44 million Americans with significant
physical, psychological, and financial consequences (1-3). The aging of the American population
has led to a renewed interest in the risk factors, diagnosis, prevention and treatment of this
disease. The average dietary calcium intake is well below the recommended dietary intake (4)
and calcium supplementation is widely advocated to achieve the recommended calcium amounts
for adolescent and pre-menopausal females (5-7), physically active people (8), postmenopausal

and elderly women, (9,10) and for the management of osteoporosis (11,12).

For calcium supplements to be clinically useful the supplements must contain a form of calcium
that is readily bioavailable when consumed; however, the bioavailability of different calcium
supplements varies widely (13). Bioavailability, the percentage of calcium absorbed from a
calcium preparation by human subjects, depends not only on the intrinsic calcium absorptive
capacity of the subjects tested (14), but also on calcium absorbability, or the extent to which
calcium in a given preparation is available for absorption (10,15,16). Although natural plant
sources of calcium are rare the skeletal remains of a species of seaweed, Lithothamnion
corallioides, is known to contain large amounts of a highly porous and readily absorbable form
of calcium. Once harvested, the crude residual product from this seaweed species consists
primarily of mineral substances, particularly calcium carbonate (approximately 32% calcium by

weight; Table 1). The calcium carbonate found in Lithothamnion sp. is currently being evaluated
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as a calcium supplement (Aquamin F™ Marigot Group, Ltd, Cork, Ireland). Animal studies
demonstrated that Aquamin F was 16% more bioavailable than tri-calcium phosphate and 7%
more bioavailable than another form of calcium carbonate (unpublished data; Marigot Group,

Ltd).

Measuring the systemic absorption of an oral calcium supplement is made difficult by the fact
that calcium is a normal and dynamic constituent of the extracellular milieu. Increased calcium
absorption was expected to result in a measurable increase in urinary calcium secretion;
however, additional markers were needed to measure increased calcium absorption. One such
marker used in this trial was serum parathyroid hormone (PTH) concentration. Several studies
have shown that PTH varied in relation to calcium level. Elevated PTH concentrations have
been found in postmenopausal women; however, treatment with calcium reduced the PTH
concentration to levels seen in premenopausal women (12, 17-20). In addition, consumption of a

meal impacted serum PTH levels but the magnitude and direction of this effect varied (21-24).

This study was designed to evaluate the impact of calcium carbonate derived from a novel,
botanical source demonstrated on markers of calcium metabolism compared to an existing

calcium carbonate supplement or placebo in pre-menopausal women.

METHODS
Study Treatments
The protocol was approved by a commercial IRB and consisted of three treatments (placebo,

calcium carbonate, or Aquamin F) separated by a 7-day washout period before the next



74

75

76

77

78

79

80

81

82

&3

84

85

86

87

88

&9

90

91

92

93

94

95

96

treatment. Each subject was randomized to one of 6 possible treatment orders in double-blinded
fashion. To avoid any possible seasonal effects on calcium metabolism, all subjects completed
this study within 4 weeks. For one week prior to each treatment period, subjects were
maintained on a diet restricted with respect to calcium (400 mg/day) and sodium (100 mEq /day).
On the day prior to the test period, each subject fasted for 12 hours and drank 600 m] of distilled
water at 20:00 and 300 ml at 23:00. On the morning of the test day, subjects drank 600 ml of
distilled water at 06:00 and then 300 ml every 2 hours during the remainder of the 12-hour test
period. Each subject received a standard calcium- and sodium-restricted meal at 90, 360 and 720
minutes after administration of the treatment dose. Each treatment dose included three 2-piece
gelatin capsules delivering 720 mg of elemental calcium (240 mg/capsule) or placebo (provided

by Marigot Group, Ltd., Cork, Ireland).

Measurements

Blood samples were collected at 0 (before), and 0.25,0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, and 12 hours
after administration of the treatment and analyzed for ionized calcium, total calcium, and
parathyroid hormone. Urine was collected immediately prior to time O and during the entire2-
hour test period. Total urine volumes produced during the test period were recorded and urinary
calcium was measured. Measurements were performed in a single laboratory (Quest Diagnostics
Laboratory, Minneapolis, MN). Total urinary calcium excretion was calculated by multiplying
the urinary calcium concentration (mg/dl) by the volume of urine collected. Urinary calcium
excretion ratios were calculated for Aquamin F over placebo, calcium carbonate over placebo,

and Aquamin F over calcium carbonate.
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Statistical Analysis

Baseline characteristics and primary outcome variables were compared using paired t-tests and
repeated measures ANOVA with Greenhouse-Geisser correction to analyze the three treatment
conditions on any outcome variable. Statistical significance was established at p < 0.05. Classic
pharmacokinetic techniques(24) were used to assess bioavailability. The pharmacokinetic
parameters, time to maximum concentration (Tmax), elimination half-life (T'%2), maximal
concentration (Cmax), and area over the curve (AOC) were calculated using the linear

trapezoidal rule.

RESULTS

Study Population and Baseline Measurements

Twelve healthy female volunteers gave their written informed consent prior to participation in
any trial activities and were enrolled in the study. The subjects were not using any mineral
supplement or medication known to affect the metabolism of calcium. All 12 randomized
subjects completed the trial with no missing data. The mean age was 28.8 years, mean body
weight was 66.7 kg, and mean BMI was 25.5 kg/m.? No serious adverse events were reported in
this trial and vital signs were within normal limits throughout the trial. No significant
differences were found between the groups for the baseline laboratory and vital sign

measurements.

Serum lonized and Total Calcium
Serum ionized and total calcium concentrations were relatively unchanged over the duration of

the 12-hour study period. The ionized calcium concentrations were approximately 5 mg/dL and
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the total calcium concentrations were about 9 mg/dL during each of the three treatment periods.
Consequently, estimates of Tmax and T'2 were not possible because of the flat pharmacokinetic
profiles and no estimates of AUC to infinity could be calculated. No significant differences were

found between any of the treatment groups for ionized or total serum calcium concentrations.

Urinary Calcium Excretion

In contrast to the relatively unchanged serum calcium values, treatment with Aquamin F resulted
in a significantly greater urinary calcium concentration and total amount of calcium excreted
than was observed when subjects received placebo (p = 0.004 and p = 0.006, respectively; Table
2). In contrast, the urinary calcium concentration and total calcium excretion amounts during the
calcium carbonate treatment were not significantly different than was observed when subjects

received placebo (p = 0.36 and p = 0.95, respectively; Table 2).

Serum PTH

Table 3 shows the effect of treatment on serum PTH concentration and Figure 1 shows the PTH
level relative to baseline (time zero) in order to observe the relative changes in concentration.
Relative to time zero, the serum PTH concentrations for all treatments decreased during the first
60 minutes after dosing. At 90 minutes, immediately before consumption of the meal, the serum
PTH concentration for the placebo treatment increased back to baseline levels and then
decreased with further sampling before returning to baseline levels again at 360 minutes. In
contrast to the changes in serum PTH seen with placebo, the serum PTH concentration after the
Aquamin F treatment continued to decrease after 60 minutes and remained significantly lower

than the PTH concentration for placebo at 90, 120 and 240 minutes (p = 0.003, 0.017 and 0.030,
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respectively). The serum PTH concentration after the calcium carbonate treatment was
intermediate between the Aquamin F and placebo responses being significantly decreased only at
90 minutes compared to placebo (p = 0.026). All treatments resulted in similar PTH responses
after 300 minutes and returned to baseline levels at 360 minutes after dosing, immediately prior

to the next meal.

DISCUSSION
The number of osteoporosis-related physician visits continues to increase (25) and under-
treatment has been noted particularly among elderly patients residing in institutional settings (26,
27). Increased calcium intake may be associated with a substantial reduction in the risk of bone
fracture (28) and osteoporosis prevention begins with the development of optimal levels of peak
bone mass as early as 6-10 years of age and certainly during the second decade of life. Regular
exercise and a healthy diet with enough calcium helps young adults maintain good bone health
and may reduce their risk of osteoporosis later in life. This pilot study enrolled young, pre-
menopausal women in order to study a period of relative bone stability compared to that
anticipated for adolescent or post-menopausal women. We measured the pharmacokinetic and
pharmacodynamic responses to a novel form of calcium derived from a natural source of
mineralized seaweed (Lithothamnion sp.; Aquamin F) compared to calcium carbonate or

placebo.

The lack of response in the serum ionized calcium and total calcium after administration of 720
mg of elemental calcium is in contrast to previous studies performed in post-menopausal women.

The inability to capture this dynamic change in serum calcium levels after oral administration of
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calcium may be related to the younger age of the subjects, the reduced dose of calcium
administered (some studies used an oral dose of 1 gram calcium), the small number of subjects
tested, the efficiency of calcium homeostasis in these particular subjects, or the small but real
natural variability in serum calcium measured over time in this trial despite a calcium-restricted
diet prior to each test period. The relationship between the quantity of calcium absorbed and the
pharmacokinetic analysis of calcium is complex and the impact of dietary components on bone
biochemistry and osteoporosis is multi-factorial (29-30). Calcium absorption is known to evoke
physiologic responses that both reduce the amount of calcium getting into the blood from bone

and suppress further absorption of calcium from the intestine (31).

The amount of calcium excreted in the urine during active calcium treatments (Aquamin F and
calcium carbonate) was 50-60% higher than during placebo treatment. The calcium excreted in
the urine during the Aquamin F treatment was 6% higher than the calciuric response during the
calcium carbonate treatment. The cross over nature of the trial design allowed determination of
each individual’s response to each treatment and revealed a significant increase in calcium
excretion from the Aquamin F treatment compared with placebo (p = 0.004 and p = 0.006,

respectively; Table 3). This was not observed with the calcium carbonate treatment.

Previous research demonstrated a decline in serum PTH levels in response to an increase in
serum calcium from oral calcium supplements. (12) In this study, Aquamin F treatment had
significantly decreased PTH concentrations compared to placebo at 90, 120 and 240 minutes (p =
0.003, p = 0.017 and p = 0.030, respectively) while calcium carbonate treatment had a

significantly decreased PTH concentration compared to placebo only at 90 minutes (p = 0.026).
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PTH concentrations are highly sensitive to the consumption of a meal (21-23). A prior study has
shown that ingestion of a gastric acid-stimulating test meal resulted in increased serum PTH in
normal subjects and ingestion of antacid with the test meal prevented an increase in serum PTH
concentration (21). The greater effectiveness in suppressing PTH concentration shown by
Aquamin F compared to calcium carbonate may be a feature of its antacid qualities or its calcium
load. Another study showed that an increase in calcium excretion followed consumption of a
high protein meal (22) without changes in serum PTH concentration. This may be a consequence
of the experimental design as the time of sampling started with consumption of the meal.
Changes in PTH may occur in anticipation of a meal as well as being a consequence of its

consumption (32)

This study examined the absorption, PTH response, and renal excretion of calcium in pre-
menopausal women treated with Aquamin F, calcium carbonate, and placebo. Calcium from
Lithothamnion sp. has a highly porous structure, resulting in substantially greater surface area
per particle compared to calcium carbonate from other sources (33). The results of this pilot
study suggest that Aquamin F is more biofunctional when impacting bone metabolism than a
traditional calcium supplement, even though both are calcium carbonate. Oral administration of
Aquamin F in premenopausal women had a greater calciuric response and a more profound
pharmacodynamic response resulting in a prolonged suppression of serum PTH concentrations

following a meal when compared to similar treatments with calcium carbonate or placebo.

Subsequent studies are needed to evaluate the implications of this research, the impact of

Vitamin D on the absorption of Aquamin F and to evaluate the effects of Aquamin F in older,

10



212 postmenopausal women. Although additional studies are needed, this study suggests that
213 Aquamin F, a novel calcium supplement derived from the seaweed Lithothamnion sp., may
214 represent a new means of providing calcium supplementation to individuals at risk of bone loss
215  due to osteoporosis.
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Table 1

Calcium 32%
Magnesium 3%
Sulphur 0.2%
Potassium 0.10%
Phosphorus 0.08%
Iron 0.05%
Sodium 300 ppm
Manganese 125 ppm
Boron 75 ppm
Zinc 37 ppm
Cobalt 6 ppm
Copper 2 ppm
Selenium 1 ppm

Table 1. Mineral Content of Aquamin F




Table 2

Calcium Concentration in Urine

(mg/dL; N =12)

P-value
TREATMENT | S1 | S2 | S3 | S4 | S5 | S6 | S7 | S8 | S9 | S10 | S11 | S12 |Mean| SD VS.

placebo

Aquamin F 58133172129 |80(105]62]36]53]11.6]35] 3.1]5921294] 0.004

Calcium
7412516633 }1123]|12.0] 5882 {57]83]|37}|241]652]334] 036
Carbonate

Placebo 31116 38(30(S50[76]27}46]44]1501]29]221]383]1.62 ---

Calcium Excretion in Urine

(mg; N=12)

P-value
TREATMENT | S1 | S2 | S3 | S4 | S5 | S6 | S7 | S8 | S9 | S10 | S11 | S12 (Mean| SD VS,

placebo

Aquamin F  [105.9] 65.0 |156.6] 55.1 1144.0]196.9] 69.8 {129.6|135.2|185.6] 56.0 | 68.2 |114.0]51.1| 0.006

Calcium
115.4] 52.51122.1] 85.0 |199.9]150.0{ 78.3 |196.8]153.91 91.3 | 85.1 1 47.4|114.8|51.2{ 0.95
Carbonate

Placebo 49.6|46.8]153.2|64.5]105.0{150.1| 41.9 |126.5}97.9| 78.8 ] 59.5]50.6 | 77.0 | 35.2 ---

Table 2. Calcium Concentration and Excretion in Urine



Table 3

[ F({r;nattéci—

Serum Parathyroid Hormone

(mg/dL; N=12)

Matched pair analysis at 90 minutes

P-value vs.
TREATMENT [ S1|S2|83|84(|S5]S6|S7]|S8]|S9]|S10]|S11]S12|Mean| SD
placebo
Aquamin F 20121 123129137 )127]139]130]44]32128[25]1296]7.4 0.003
Calcium Carbonate| 21 | 47 120 | 28 | 30 | 27 |37 | 34 | 31 |44 | 30351 32 | 8.1 0.026
Placebo 34143 (3912575133 160}143]37]45]33]|39(422]134 -~-
Matched pair analysis at 120 minutes
Aquamin F 261 18 129 |38 |37 (33|43 (22]35]22]241]321}299(77 0.017
Calcium Carbonate| 21 | 20 | 39142 | 30 | 31 |55 |28 | 28| 36|27 |28 |328] 9.0 0.098
Placebo 38134 37}135(60 2517213941 |31 123](32]389]|14.0 ---
Matched pair analysis at 240 minutes
Aquamin F 30125192834 129(33]120]33]23]28](28]27.5] 4.9 0.030
Calcium Carbonate| 27 | 24 | 27 | 31 |22 | 2& | 32| 24 | 28 | 27 | 30 | 34 |27.8] 3.5 0.056
Placebo 3213613112542 |28 (47|31 125]31]29]34]326]65 ---

Table 3. Serum parathyroid hormone analysis at 90, 120 & 240 minutes after dose
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Figure 1: Pexcent change in sevum PTH kveb over time.

Compared to placebo, the decrease 1n PTH concentration following Aquarun F treatment was
significand at 90, 120 and 240 minutes (p = 0.003, p = 0.017 and p = 0.030, respeciively) while
the colcium cathonate tmatment was significantly different flom placebo treatment only at 90
minutws (p = 0.026)
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Chemical and physical characterization of calcified red algal deposits known
as maérl
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Abstract

=ri, comprised of shallow, subtdal deposits of calegienus 1o ol gar Belonging 1o the family Coralunacess, 1s used
‘rcised beawss of e h

..cultuze primarily to merease sod pH Its use bas bzen strong'y o 1uh price compared
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eavoo2d then in the limestone, although the mangacese coniznts are jowern Scaaning electren mucrescopy shows

‘hiai the surface characteristics of magel and limestone are similar bui, in secdot, mast! is considerebly more porous
reczice of its cellular stucture. Atomic forse mictoscopy revealsd mines 4rfferences in fine stuchoe betwveen the
mao. The differences betwee: toaéri and limestane would not appear 0 compensziz 7o the considerably higber

‘515 involved with the utlization of the former material.
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Flawe 2 Sconning elsstrog microscope pictore of a broken madsd
picce

powdered [imestone, although these have ne! yet beca
established in the scientfic literarure. If these iaims
are vaiid, i1 would probably be the resuli of differspees
i, the chem:cal and physical composidons of the v+
npes of preducr these are repories 1o this commun!

canon

Materials and methods

Mzerl samples were obteined from Faimout Hartourn,
Znglacd by SCUBA diving Sampies from Beoty Bay,
Jn Cuork, Lreiaad, were suppiied by Celtic See i
erais Liud, Cork, [relead, who also provided coe ¢f e
wwo bmesione samples. The second was obtained Som
Zmsworth, Hampshire.

Representaiive samples of ma2r] aod bmestone
were dried at 100 °C prior (¢ crusniag the pow.
dered maienal was ther dissolved in Ulire Grade azid
HNCG3HCY and analysed by inductuvely coupicd pizs
Lz emission spectrophciomeny (Fisons Simultanecys
Sequental IPC Specwophotomerer - Mode 3580

SKUY

Flgure 3. Scenning elsctron microscope picture of 3 TS of masst

5795

Atomic force microscopy (AFM) was perforrned
with a Discoversz Topometrix ™ 2000 scanning
probe microscope (Topometrix Corporation, Saffron
Waldron, Essex, UK) using 2 70 um scanner. [maging
wzs prriormed in the contact mode under 1-propancl
(Aldrich, 99+ % specucscopic grade) using forces in
the range 1--40 nN. Standard profile silicon nitride tips
~tre used {or imaging and output was displayed on
a moutor with a resolution of 400 lines ¥ 400 pixels.
mages were levelled by plane fitang and left shading
was used to enhance iopographic feanures.

Specimens of limestone and dried magrl were
exarined by scarning electton microscopy (SEM)
Surdard Wduminiem specimen strbs were cozted with
& tin Sl of claductng carboa cement which wes
allawed 1o dry partaily before the specimens wers put
in plzue This siep prevesizd the liguid cement from
heing drawm into the porous specimens. Limestons
w.2s sprinkled onte the surface of the cement. Pieces
sfmegs! were snapped by hang to reveal 2 clean inne
surface and placed oz end in the cement with the fresh
surfncs UppPermIOsT to chserve the cross seclion Onge
the camen was dry. the specimens were sputter coated
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Figure 4 Atomiz [CTTe MicToscope picme of limestops sarfece

with gold and examined in 2 Hitachi S$50 scanging
elecrop gnzruscope using an accsleradng veliage of
10kV

Results

The clzmenwl composibor of three magil and owo
ymestune samples were determined by rnductve.
.+ zoupled plasma epission spaswophotomeny. The
izsults are presented ia Table ! Altbeugh the compes
s1aszs were gencrally similar, signifizant ¢ifferencas
=pe pserved. The relative amcunts of calsium und
megresiizn vaned. wath the mulled limectone contus-
iog appruxamalely 38% zzlciune and C 3% magnesium,
whereas the respactve valuss for the madr] samples
were 333 to 33.8%% and 2.33 (0 3.33%. The sodiuen
fevele of madrl were also higher thay tiosc of tho e
stones

Major differences 1a the uce element contents of
the owo typres of product were seeu foriron. mangenese,
stronguin and borsn The levels of won, swontum ang
boron were considerably higher in the calcified sea
weed than ip the limestone samples, whereas the mae-
ganese coptents were sigaificantly lower. The largest
difference wasu the swrontinm levels of the wa prod
ucts with ke conient of masrl: 168010 2190 mg kg™ "
belng aliout sight tmes higher then that of Lmesione
(22010 24 mg kg '

Examineton of the culer swtase charactenisues
of pieces of ~werl (Figure (2 By and bmestope
(Fiewee (¢ &) bv scanning ciccTon misroscopy did
not reveal maioe Uf2resces between the nvo. Both
appeared 10 Beve o graguier. covstailive strucyre How
aver, wher maérl pieces were hioken (0 reve] their
mner 5. are wnd dus compared with limestone, the
po.ous catare of madrl could be readily observed
Figure 2). Undzr nigh megnificaton (x 7000), the



Figure 5. Alome forn= miGOsSope picOLe ©

cell siructuce 15 ooucezble with propunent caleifed
cell walis with a definite crystalline appearance. I
some sampies, the cells contained globular inclusions,
man: of which appeared tc be atiachbed 10 the cell
walis by swelks (Figure 3). These paracies were quick-
¥ fnea by both icdine soludon aud Petriodic Acid
Scff reagem

The maést and lmestone samples were exam-
in2d by high resoluton imagiug using atemis forces
ucroscopy (AFM) in the bope that st higher resolu-
ton than thal available using SEM, significant differ-
2ncess i swrace morphology would be detected [
e Irst experiments, auempls were made ' iGage
e ground calcified seaweed and Lmiestone Jirect!s.
Sowzver, tait Was not possible beczree of the rough
aegs of the deposits and their mobility Suring scanning
deace, secdons of madt! and limestone ware obtainsd
and uriaged ciiber io 2ir or anse 2 layer of 1 propans!

Figime < shows the npical strocture of the lime
sivae surfzce, tn which a ceans! smoct: and relagvel
Gai aea bordered by = higher rougher sectina caz be
cbigried. The corresponding susface revghs
Lz (oot shown) contimmed the B2i aatoe of the
regZion

n

SO L e
G-
2R
Lorm
L~ W]

Tt
€ um
{ moed sugfacs b dizentiocad tage

rigle 9 shows the appearance of the surface wi
macr! imaged under ! propanel. Beth smcoth and
roughar areas with ¢ fisswe type stniciure we present.
The vorrespouding surface roughness profile of this
a-za {not shewn) shows an average peak 10 peak rough-
zess of spproriristely 180 am acd the dssure o valley
sTuctee has ¢ depth of approximarely 190-2035 nm.

Ia geaers]l. limeswne appeared 'o possess
wack greatar mecroroughoess, although plateau-type
regivns, not found in mzgrl, weze aiso present. Maérd
could noly te imagad under ! propzuol, which mey
be related to the pressace of loosely bound particulate
marter Imegwg shiowed reglons of macro 2nd mico-
reughness, Netther mzes] nar imesons showed te

presenee o micropits,

Disczeyion

The vioralerinciosions seen 1o some 2 the cells of due
' mided a'see have haen ohsered praviousiy, but thar
deruir w ¥

{rowas @ drubt Borowitzke et all (1974) sug-
esied izt they were chaloroplasis and Alexanderssen
were endophyde green algae. Gaban



icsle ¢ themesm! componlon of mai:l aal
rlasme exission spodtrophemaxs: (7P AES)

Elzresazal analvels 32 a.mplc' Linestons somples
u‘.'.’.-nd Ireiznd England [rlant Englead

\UUOR ELEME‘\‘TS
(% wi, dried sample)
Caldunm 136 5.2 A 388 3.8
Magnesitt 3.32 250 213 n iz .31
MINOR ELEMENTS
{rog kg~ ! dried sample)
Sulpbur 2800 280 2800 (100 e
Phospborus 500 500 YN 740 700
Pomssium 350 590 800 90 <0
Sadiurn 2700 5200 a700 130 <1
trog 80C 2160 1760 7y 44 -
Alwnminm 300 780 1500 220 86 <
Manganesc 100 130 v 420 200 '
Tin s & A <3 <20
lndiusn ) 6 NA ~A NA
Suontium 119 2080 - 1GBL N 230
Boroo A pa Sy = ot
{r2d o 10 16 5 IS
TNniao. b s 2 8 &
Copper 7 3 % ; <
din: i 59 52 17¢ 3¢
Nickel <5 <3 10 ] <10
Arsenic 20 20 «30 <70 <50
Chromiora i 3 B o <
Cobalt Fre} 5] 20 <5 21
Silver 2 2 <$ -2 <A

<20 «20 <20 A0

Moiybdenum <20
Lots on dryiug a K)O"C(’ic wi 023

. A .

NA oot astayed, C

v ¢ i 280) noted these glebular snuctumes
wr incrdstans Phll., Lithotkamnwon glaciaic
K\je“!m., L corallinides and Mesophyilum licherodes
1..> Leronias, and proposed the: they were zndophytic
baciana Yimdlar structures were reported for vegel-
s of Phymasoiithor repondum (Fosli=) Wilks
& Wosikeriuig and P maronignurn Wilks & Woslker.
arg by Woirs und Woelkerling (1694, who Jescithes
: cb graps This last proposal appeass o be
Ve gmu_s are easily staged with o o i
soosten and Pedodic Acid SchufT z:dv.'r.n

Answening the question whether G pf:;f:r:-"w,r;j
asri 2s f)p rosed io Umestone (1umst 1 agne
: based vo the data presented, i Lu‘.’f;u?'
Cromparicon of the resuwts o“t:u:v:d for wnas:: and e
fwo limestone samples shows ciguificant differcaca:

&
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Chiorine, Bromime and bd.u' nat -.’aﬂ ahle by I(PLLES

pDEiwese the 1w Thy most obvicus is ;e chenucal
cowmpesiaoa, $1th magr] havivg a ignfcant’y highe:
limestopes studisd

{evel of magnesiom than that of
Hr:'z'e\ <7, other ‘umz:st:uﬂ have calawy wnd magne
snenoeon'ants .Jr'lp.zr‘h 210 insse of maéri and some

By . - MALvE Reeivas o, £,
such o delorate, would bave higher Jevols of magnpe-

reviousit ey nrdf-ri {Rlunden

;
shsw chiat the relative praparaous of the

e UEOLAE @ JeasiCent, wherres o hmestore
sensedemehly o

WLl e
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=150 vary dependiag oo their scurve (Boggs. 1987

The mast! and iimastone samples used in this srudy
bave differen: phvsical characterisdes If sinall pisces
of zeicified ieawred were addad 1o the soil, 1is more
poruusnaane, in compeatisonio equieient sized pisces
of limesiong, might lead to enhanced microbial cole-
razadog, wote ready breakdown and a speedier effect
on soil pH. However, if the two progucts were applied
iz a powdered swte, this differeacs is unlixely to be of
mzjor signifcaace. Overal], there appeass 12 be insuf-
Scient differsnce in either the chemical or physical
charzcteristzss of rmagrl and limestons to recominand
We 1se of the formes in prefereace to the Jater hesed
na the large price differential. However, before o deci-
5i0n can be taken, field tmials are required v compae
e effects of mazrl and limestonc oo plant gowti,
sop yield and sot pH to ascertain whethsr the forme:
Las significant advantages over the lator Unfess these
are gemoanstraied, the use of maérl would appear to be
wurustified ou the basis of its high cost
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