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February 25, 2008

Food and Drug Administration 02-29-08 A11:08 0UT

Center for Food Safety & Applied Nutrition
Office of Food Additive Safety (HFS-200)
5100 Paint Branch Parkway

College Park, MD 20740-3835

Attention: Dr. Robert L. Martin
Dear Dr. Martin:

On behalf of NattoPharma ASA of Lysaker, Norway, we are submitting for FDA review a GRAS notification for
Menaquinone-7, which is to serve as a dietary source of vitamin K,. The attached documentation contains the specific
information that addresses the safe human food uses for the subject notified substance as discussed in the GRAS
guidance document.

If additional information or clarification is needed as you and your colleagues proceed with the review, please feel free
to contact me via telephone or email.

We look forward to your feedback.

Sincerely,

Robert S. McQuate, Ph.D.
CEQ & Co-Founder

GRAS Associates, LLC

20482 Jacklight Lane

Bend, OR 97702-3074
541-678-5522
mcquate@aras-associates.com
Wwww.gras-associates.com

Enclosure: GRAS Notification — Menaquinone-7 (in triplicate)
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. I. GRAS EXEMPTION CLAIM

/
> 4

A. Claim of Exemption From the Requirement for Premarket Approval Pursuant to
Proposed 21 CFR 170.36(c)(1)"

Menaquinone-7, meeting the specifications described below for MenaQ?7, has been
determined to be Generally Recognized As Safe (GRAS), in accordance with Section 201(s)
of the Federal Food, Drug, and Cosmetic Act. This determination was made by experts who
are qualified by scientific training and experience to make such safety determinations. The
GRAS evaluation is based on scientific procedures as described in the following sections, and
the evaluation accurately reflects the conditions of the ingredient’s intended use in foods.

Signed:

/N]

%ﬁuw? 285 g

Robert S. McQuate, Ph.D. Date
GRAS Associates, LLC

20482 Jacklight Lane

Bend, OR 97702-3074

B. Name and Address of Notifier

NattoPharma ASA
Lysaker Torg 5

P O Box 397 Lysaker
NO-1326

Lysaker, NORWAY

As the notifier, NattoPharma ASA (“NattoPharma”) accepts responsibility for the GRAS
determination that has been made for menaquinone-7 as a dietary source of vitamin Kz as

described in the subject notification; consequently, menaquinone-7 meeting the conditions
described herein is exempt from pre-market approval requirements for food ingredients.

C. Common Name and Identity of the Notified Substance

Menaguinone-7 or MK-7; also see Sections |1.B.1 and 11.B.2.

1 See 62 FR 18938 (17 April 1997). 00'00:033
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D. Conditions of Intended Use in Food

Menagquinone-7, in the form of selected MenaQ7 products, is intended to be added to
designated foods as a nutrient supplement as defined in 21 CFR 170.3(0)(20). The per
serving levels added to dairy products and butter and margarine substitutes range from 6.7 —
10 mg of MenaQ?7 to yield a total daily dietary consumption of 50 ug of menaquinone-7 as a
source of vitamin Ko.

E. Basis for the GRAS Determination

Pursuant to 21 CFR 170.30, menaquinone-7 as MenaQ?7 has been determined to be GRAS on
the basis of scientific procedures as discussed in the detailed description provided below.

F. Availability of Information

The data and information that serve as the basis for this GRAS Notification will be sent to the
US Food and Drug Administration (FDA) upon request or will be available for review and
copying at reasonable times at the offices of GRAS Associates, LLC, located at 20482
Jacklight Lane, Bend, OR 97702-3074.

GRAS Associates, LLC 00 0 004
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II. Chemistry and Manufacture of MenaQ?7

A. Description of Natto

The US Soybean Export Council (USSEC) defines natto as a fermented soybean product.?
There are several commonly used foods in various Asian countries that originate from
fermented soybeans including soy sauce, miso, sulfu, natto, tempe, taosi, meitauza, and meju.
The fermented soybean foods differ in the form of soybean used as substrate---sometimes in
combinations with other grains---and the microorganism used in fermentation (Francis, 1999).

Natto is fermented from whole soybeans using Bacillus subtilis or Bacillus subtilis natto. Its
appearance is that of cooked beans bound together with a sticky substance formed in
fermentation. It has a musty or ammonia odor and is commonly consumed as a main dish
over rice (Francis, 1999). A more detailed description of natto as a product of soybean
agriculture appears on the USDA website:

Soybean production in the Far East in the 1990's, as in ancient times, is primarily for food. Chinese writings
more than 2000 years ago refer to soybean as one of the five sacred food grains. In Japan, natto is an
important soy food eaten as a companion to rice and first popularized about 1000 AD. Noted for its strong
fermented aroma and dark brown color, natto has quite a consumer following in modern Japan and many
food companies compete in this lucrative market. Because of the high population in Japan, the country is
not self sufficient in soybean production and pays handsomely for specialty beans from the USA. For nafto
type specialty beans, Japanese buyers pay U.S. farmers up to $6 per bushel above market price. Although
U.S. farmers are vitally interested in this lucrative market, growing the right variety for Japan's needs has
proven difficult. Most U.S. commodity-type soybeans are unsuited to the natto market.

USDA sponsored research is developing new varieties of soybean that US farmers are
growing and exporting for the Asian market.® Exports from Delaware* as well as North Dakota
and Minnesota” are reported to be increasing.

Fermented soybean products that are commonplace in the US diet include soy sauce and
Worcestershire sauce. Natto is freely available as a food at Asian specialty stores in the US
(Francis, 1999).

B. Vitamin K Chemistry, Common or Usual Name, and Background Information

1. Molecular Structures of Vitamin K. The collective term, vitamin K, encompasses
several lipid-soluble 2-methyl-1,4-naphthoquinone derivatives. Naturally occurring
forms of vitamin K include vitamin K; and vitamin K; (i.e., phylloquinone and the
menagquinone series, respectively), which are characterized by lipophilic side chains at
the 3-position of the 2-methyl-1,4-naphthoquinone ring structure. The side chain of
phylloquinone is unsaturated and fixed length while the side chain of menaquinones are
unsaturated and of variable length.

% See Glossary of Terms on USSEC website at http://www.ussoyexports.org/buying_u.s._soy/!P_book/Glossary.pdf.
3 See http://www.ars.usda.goviresearch/publications/publications.htm?SEQ_NO_115=188029.

4 See http://iwww.desoybeans.org/soynews/soynewsjanuary2007 .pdf.

§ See http://www.ussoyexports.org/news/SoyExportNews/Jun06.htm.
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More specifically, vitamin K. (2-methyl-3-all-trans-polyprenyl-1,4-naphthoquinones), or
the menaquinone series, is a group of prenylated naphthoquinone derivatives (Merck,
2001). The number of isoprene residues, where 1 isoprene unit consists of 5 carbons
comprising the side chain, is used to characterize the menaquinone homologues. The
nomenclature is based on the number of isoprene units, such that the name
“menaguinone” or “MK” is followed by the number of units. Although menaquinones
with side chains of up to 15 isoprene units have been identified, menaquinones of only
2 to 13 isoprene units have been encountered in human and animal tissues (PDR,
2001).

Demethylmenaquinones, which are menaquinones unconjugated at the carbon-2
position, also have been identified (Conly and Stein, 1992).

The structures of phylloquinone and two common menaquinone derivatives are illustrated in
Figure 1.

Figure 1. Molecular Structures and Molecular Weights of Phylloquinone,
Menaquinone-4, and Menaquinone-7 (MenaQ?7)

Molecular structures K1, MK-4 and MK-7

1.1
Ciy CHy
J—(/\/t/\/'\/\/t“ MW: 450

. Double bonds
Menaquinone-4

0 CHy CHy CHa CHy

MW: 649

2. Common or Usual Name. The generic common or usual name for vitamin Kz is
menaquinone, and the principle constituents of menaquinone are menaquinone-4 (MK-
4) and menaquinone-7 (MK-7). Menaquinone-7 is the common or usual name of the
subject material of this notification. The specific substance evaluated is MenaQ7 as
marketed by NattoPharma.

GRAS Associates, LLC 000006
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e Table 1. Nomenclature and Chemical Descriptions of Phylloquinone
and Common Menaquinones
Phylloquinone 1 ,4-Naphthalepedione, 2_—met.hy_|-3-['(2E,7R,1 1R)-3,7,11,15-tetramethyl-2-
hexadecenyl}-; phytonadione; vitamin Ki
Menagquinone (generic) | Vitamin Kz
(all-E)-2-(3,7,11,15,19,23,27-heptamethyl-2,6,10,14,18,22,26-
Menaquinone-7 (MK-7) | octacosaheptaenyl)-3-methyl-1,4-naphthalenedione; Vitamin MK-7,
Menagquinone K7; MK-7; Vitamin Kgs)
(E,E, E)-2-methyl-343,7,11,15,-teframethyl-2,6,10, 14, -hexadecatetraenyl)-1,4-
Menaquinone-4 (MK-4) | naphthalenedione; 2-Methyl-3-trans-tetraprenyl-1,4-naphthoquinone;
Menaquinone K4; MK4; Menatetrenone; Vitamin Kapg)
Phylloquinone 84-80-0 C31H4s0; 450.68
Menaquinone (generic) 11032-49-8 Varies Varies
| Menaquinone-4 (MK-4) 863-61-6 Ca1Ha002 444.66
Menaquinone-7 (MK-7) 2124-574 CasHeaO2 649.00

3. Vitamin K Background Information. There are three common forms of synthetic
vitamin K: phytonadione or phylloquinone (K4); menatetrenone (K2/MK-4), and
menadione (K3). Menadione, a synthetic form known as vitamin K, is not used in
products for humans but is widely used in animal feed and may serve as a vitamin K>
precursor in animals. Acetomenaphthone (vitamin Ks) is another synthetic form
available (Gilman et al., 1990; Sweetman, 2002).

Vitamin K is regarded as the major dietary source of vitamin K, occurring naturally in
green plants, algae, and photosynthetic bacteria (Giiman et al., 1990; Merck, 2001). In
contrast to vitamin K, dietary contributions of vitamin K; on a weight basis is much less
(PDR, 2001). Dietary sources of vitamin K; include chicken egg yolk, butter, cow liver,
certain cheeses, and natto (Schurgers and Vermeer, 2000; PDR, 2001). Vitamin K3 is
of microbiological origin, and its most common occurrence is in fermented foods or
animal-derived foods, especially if the animals have been fed vitamin Ks.

The preponderance of the evidence suggests that bacterially synthesized
menaquinones, particularly in the ileum, can and do play a significant role in
contributing to vitamin K requirements in humans (Conly and Stein, 1992). In bacteria,
, vitamin Kz synthesis is associated with the inner cytoplasmic membrane, where it
T functions as a redox compound in bacterial respiration (Conly and Stein, 1992).
Depending on the specific growth conditions, bacteria contain menaquinones at
concentrations in the micromolar range (Conly and Stein, 1992). A variety of microbial

GRAS Associates, LLC 00¢007
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species have been identified to contain menaquinones in the human intestinal tract
including Escherichia coli [menaquinone-8 (MK-8)], Bacteroides fragilis [menaquinone-
10 (MK-10) and menaquinone-11 (MK-11]). MK-7, and to a smaller extent, MK-6 and
MK-8 are synthesized by Vibrio parvula, a fusobacterium species.

C. Chemistry of MenaQ7

1. Product Description. MenaQ?7 is NattoPharma’s brand name for products containing
Vitamin K,. The products are manufactured from ethanol extracts of fermented soy
protein and then further processed into unique forms.

2. Product Composition. MenaQ?7 is available for use in food in two forms. MenaQ7
Oil M 1500 contains Vitamin Ko, in the form of MK-7 with minor amounts of MK-6, in an
oil formulation with not less than 0.15% total menaquinone. MenaQ7 Powder P 1000
contains a similar ratio of MK-7 to MK-6 formulated as a powder with not less than 0.1%
vitamin K.

a. MenaQ?7 Oil M 1500

i. Physical Properties and Specifications. MenaQ7 Oil M 1500 is a yellow,
odorless oil, consisting of not less than 0.15% total vitamin K> (as MK-7 and MK-
6) and not more than 99.85% sunflower oil as a formulation aid. The chemical
specifications are listed in Table 2. All specification methods used are validated
methods, and all are included in other official monographs.

Table 2. Chemical Specifications for MenaQ?7 Oil M 1500

Total Vitamin Kz (ppm) Not less than 1,500 HPLC?

Acid Value (mg KOH/g Not more than 10 AOCSP Official Method
fatty acids) Te 1a-64

Peroxide Value Not more than 3 (at the time | Acetic Acid-Isooctane
(mEq H202/1,000 g of filling) Method (AOCS Official
sample) Method Cd 8b-90)

a HPLC - High Performance Liquid Chromatography. ®American Oil Chemists' Society.

ii. Impurities. NattoPharma has detailed product specifications and has done
extensive analyses of its MenaQ7 Oil M 1500. The primary impurities resuiting
from the manufacturing process of MenaQ7 Oil M 1500 include unsaponifiable
matter (0.85%) and phospholipids (0.002%). Low levels of various tocopherols
are also found. Typical data are shown in Table 3.

BEST ORIGINAL COPY
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L Table 3. Typical Composition of Oil M 1500 (Other than Manaquinones)

Triglycerides 99.148 AQCS Official Method Ca 5b-71

Unsaponifiable Matter 0.850 AQCS Official Method Ca 6a-40

Sterol 0.404 J-Oil Mills Intemnal Method

Total Tocopherol 0.075 AOQCS Official Method Ce 8-89
a-tocopherol 0.048 AQCS Official Method Ce 8-89
B-tocopherol 0.000 AQCS Official Method Ce 8-89
y-tocopherol 0.022 AOQCS Official Method Ce 8-89
O-tocopherol 0.005 AOCS Official Method Ce 8-89

Phospholipids 0.002 AQCS Official Method Ca 19-86

The manufacturing process employed in the production of MenaQ7 Oit M 1500
ensures that the potential for contamination or introduction of impurities is low,
and each batch manufactured is tested to ensure that the stringent purity criteria
are met. Specifications include limits on arsenic, cadmium, lead, mercury,
aflatoxins and dioxins.

Product specifications for MenaQ7 Oil M 1500 and sample resuits of heavy metal
analysis are given in Appendix A.

iii. Stability. Total vitamin K; concentrations in unopened MenaQ?7 Oil M 1500
product vials were measured by HPLC at room temperature for a period of up to
36 months. The results of the stability testing shown in Figure 2 demonstrate that
the total vitamin K, content of MenaQ7 Qil M 1500 is little affected by storage
times of the final product based on data acquired over at least 3 years.
NattoPharma recommends that the commercial formulation, MenaQ?7 Oil M 1500,
be stored at a temperature of not more than 15°C in a cool, dry, and dark place,
and away from high heat, humidity, and sunlight.

BEST ORIGINAL COPY
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Figure 2. Stability of Vitamin K; in MenaQ?7 Oil M 1500
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b. MenaQ7 Powder P 1000. MenaQ7 Powder P 1000 is a powder formulation based
on the same stock oil formulation, but it is dispensed in a powder formulation with
not less than 0.10% (1,000 ppm) total vitamin K. (occurring principally as MK-7 and,
to a minor extent, MK-6). The remaining components of the product are listed in
Table 4. Product specifications are listed in Appendix A.

an

Concentration of vit

Table 4. Non-Menaquinone Components of MenaQ7 Powder P 1000

Cowpounps. | Cowrewnt(%) |- - F L EARANCE.
Dextrin 60 - 65% Delivery vehicle of 172.892; 184.1277
product
Sunfiower Oil 20-25% Delivery vehicle of GRAS
MK-7 and MK-6
Sodium casein 10% Powderization 182.1748
material
Starch sodium 2% Powderization 172.892
octenylsuccinate materiat
Glycerol fatty acid ester 1% Emulsifiers 184.1505
L-Ascorbyi palmitate 0,5% Antioxidant 182.3149

D. Manufacture of MenaQ?7

1. Raw Materials. The raw materials used in the production of menaquinone,
formulated as MenaQ7 Oil M 1500, include soybean protein isolate, corn starch,
water, B. subtilis natto, ethanol, and sunflower oil.

a. Soybean Protein Concentrate. Soybean protein concentrate, which is used as
the primary starting material in the fermentation of B. subtilis natto, is derived
from non-genetically modified soybeans that are handled under identity
preserved conditions.

GRAS Associates, LLC
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b. Corn Starch. Corn starch, which also is used in the fermentation with B. subfilis
natto, is derived from non-genetically modified corn that is handled under identity
preserved conditions. In the US, corn starch is approved for use in food for
human consumption as a starting material for maltodextrin (21 CFR 184.1444),
corn sugar (21 CFR 184.1857), corn syrup (21 CFR 184.1865), and high fructose
corn syrup (21 CFR 184.1866), all of which are approved as direct food
substances affirmed as GRAS (21 CFR 184) (FDA, 2004).

¢. Bacillus Subtilis Natto. Natto, which has a history of dietary consumption in
Japan dating back at least 1,000 years, is rich in vitamin K; as MK-7 (Sumi et al.,
1990). It is produced via the natural fermentation of boiled soybeans through the
action of bacteria, which has been specifically referred to as B. subltilis natto
(Sato et al., 1997). Currently, natto is manufactured and sold as a food product
in the US market (US Soyfoods Directory, 2003). B. subtilis natto, itself, is
currently used in Japan as a dietary supplement source of vitamin K; (PDR,
2001).

In the US, carbohydrase (21 CFR 184.1148) and protease (21 CFR 184.1150)
from B. subtilis, meeting food grade specifications, are affirmed as GRAS for use
in foods as enzymes at levels not exceeding current good manufacturing practice
(cGMP) (FDA, 2001, 2004). The affirmations are predicated on the use of non-
pathogenic and nontoxigenic strains of B. subtilis (FDA, 2004).

d. Ethanol. Food grade ethanol which meets Food Chemicals Codex
specifications is used as an extraction solvent in the production of MenaQ7 Oil M
1500 (Council of the European Communities, 1988).

e. Sunflower Oil Sunflower oil is used as the final solubilizing agent and vehicle
for MenaQ7 Oil M 1500. The sunflower oil used meets the food grade
specifications for non-hydrogenated sunflower oil as published in the Food
Chemicals Codex (FCC).

E. Manufacturing Process

The production process is carried out by Sumitomo Corporation, J-Oil Mills plant, in Japan.
The facility is registered with FDA, registration number 13885804934.

The natural vitamin K, MK-7 is a long chain menaquinone synthesized by bacteria which
utilize MK-7 in their own energy metabolism. The non-pathogen bacteria, B. subtilis natto, is
the key microbial participant in the ongoing production of the soy-based traditional natto
fermentation, as various strains are known for their capacity to produce and secrete large
quantities of enzymes.

As noted in Section I1.D.1, MK-7 production takes place by using non-GMO soy bean
concentrate and non-GMO corn derived starch as substrates for the fermentation. After
prolonged fermentation, the mixture is sterilized and extracted with ethanol and filtered before
the remains of the ethanol are evaporated. The fat soluble menaquinones are then extracted
with sunflower oil and processed through multiple separations steps (stem distillation,
filtrations) before a stock solution of MK-7 is obtained.

GRAS Associates, LLC 000011
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The various commercial products are then diluted either in sunflower oil or in a powder mixture
with various components listed in Table 4.

Figure 3. Manufacturing Diagram for MenaQ7 Oil M 1500
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lll. Nutritional and Food Aspects of Vitamin K
A. Nutritional Functions of Vitamin K

The fact that vitamin K is essential for blood clotting has been known for over 70 years.

The alphabetical designation “K” was derived from the German description
“koagulationvitamin,” and at the time of its identification, vitamin K's only known role was in
the mediation of clot formation. Evidence since then suggests vitamin K plays a crucial role
in many other bodily functions involving calcium ion metabolism.

All forms of vitamin K function as cofactors for carboxylation of specific protein-bound
glutamate residues which are converted into y-carboxy glutamate (GLA) (Schurgers et al,
2007a). These GLA residues form calcium binding sites that are essential for activating the
proteins to function in the tissues in which they are found (Schurgers et al, 2007a). The first
identified GLA-containing proteins were associated with blood coagulation regulation and
were recognized as playing an important role in hemostasis through the activation of blood
coagulation and anticoagulation factors in the liver. Another GLA-containing protein
(vitamin K-dependent) not related to blood clotting has more recently been isolated in bone
and tooth dentine. Osteocalcin is a protein synthesized by osteoblasts, and while full
understanding of its function is unclear, it appears to play an important role in bone
mineralization (EVM, 2003; Wildman and Medeiros, 2000). Accumulating evidence
suggests that low vitamin K intake results in low bone mineral density, increased fracture
risk and osteoporosis (Horiuchi et al., 2004; Schurgers et al., 2007b; Tsugawa et al., 2006).

Matrix GLA protein (MGP) is another vitamin K-dependent GLA-protein synthesized
primarily in cartilage and blood vessel walls. Studies demonstrate that MGP prevents
arterial calcification (atherosclerosis) while facilitating normal bone growth and development
(National Academy of Sciences, 2001). Moreover, low vitamin K intake is associated with
an increased risk of cardiovascular disease and mortality (Geleijnse et al, 2004). Vitamin K
supplements were shown to slow down menopausal bone loss and to block age-related
arterial stiffening (Schurgers et al., 2007b). Increasing dietary vitamin K intake is potentially
beneficial for bone and vascular health (Schurgers et al, 2007a).

GLA proteins have also been isolated in kidney tissue and may be involved in reabsorption
of calcium by the kidney tubules and solubilization of calcium salts in urine (EVM, 2003;
Wildman and Medeiros, 2000). Other GLA-containing proteins have been found in placenta,
pancreas and spleen but have not been thoroughly characterized (EVM, 2003). Vitamin K-
dependent proteins are also thought to function in cell signaling and brain lipid metabolism
(EVM, 2003).

The review of nutritional requirements for vitamin K by the National Academy of Sciences
(2001) largely discussed vitamin K;. However, a combination of direct and indirect
evidence demonstrates that dietary vitamin K; is nutritionally important. It is very difficult to
induce vitamin K deficiency. It was demonstrated in human volunteers that inducing
deficiency required both a vitamin K free diet as well as application of broad spectrum
antibiotics (Frick et. al., 1967). The need for antibiotics implicates a role for intestinal
bacteria in maintaining vitamin K levels. Hodges et al. (1991) found that elderly patients
with low plasma levels of MK-7 and MK-8 were more likely to experience bone fractures.
MK-7 plasma values were found to be lower in osteoporotic patients than in non-
osteoporotics (Horiuchi et al., 2004). Geleijnse et al. (2004) found lower cardiovascular
disease in population groups with higher dietary levels of menaquinone. Dietary MK-7 was

GRAS Associates, LLC
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shown to be more effective in maintaining osteocalcin function than dietary phylloquinone
(Schurgers, et al., 2007a).

B. Natural Occurrence of Vitamin K in Food

Various forms of vitamin K occur naturally in food. The most prevalent and studied form of
vitamin K is K, or phylloguinone. Vitamin K, is most remarkably present in dark green leafy
vegetables such as kale, spinach, collards, broccoli and Brussels sprouts. Except for some
plant oils, most foods have far lower phylloquinone content (Booth and Suttie, 1998).

It is apparent that phylloquinone is distributed throughout the Western diet, and the range of
concentrations in different food categories varies widely. In general, the relatively high value
in vegetables confirms the association of phylloquinones with the photosynthetic tissues of
plants, with the highest values being found in green, leafy vegetables. The next best
sources are certain vegetable oils. The large difference between vegetable oils presents
problems for calculating phylloquinone content of prepared foods containing oil when the
type of oil is not known.

Vitamin K, the designation for the family of menaquinones---MK-4 through MK-13---is
typically synthesized by bacteria, specifically including intestinal bacteria. While
menaquinones from intestinal bacteria were once believed to be insignificant contributors in
satisfying the body’s requirement for vitamin K, accumulating evidence suggests differently-
--especially the benefits derived from the long-chained menaquinones, MK-7, MK-8 and
MK-9---which are also present in fermented foods, notably natto (NattoPharma ASA, 2007,
Schurgers et al., 1999; Schurgers et al., 2007a).

Natto is a fermented soy product that has been a staple food of eastern Japan for over
1,000 years. Many westerners find it unpalatable due to its texture and strong flavor. ltis,
however, the richest dietary source of vitamin K presently known---almost all of which
occurs in the form MK-7 (NattoPharma ASA, 2007; Schurgers et al., 2007a.); however,
there is some MK-8 and MK-6 present along with some vitamin K, (NattoPharma ASA,
2007). The amounts of various forms of menaquinone are given in Figure 4.

GRAS Associates, LLC
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Figure 4. Content of Various Forms of Vitamin K in Natto™®
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The quantitative determination of menaquinones in food is tedious and to date has not been
standardized As quality assured analytical assays for the quantitative determination of
menaquinone forms become available, the full extent of their presence can be established.
Table 5 shows typical levels of phyllogquinone, MK-4, and total menaquinones found in food

Table 5. Concentrations of K-Vitamins in Food®
Vitamin K Concentration Range pg/100g or pg/100mL

NUTRIENT K1 MK-4 MK-nb
Meats 05-5 1-30 nde
Fish 01-1 01-2 0.1-2
Fruits 0.1-3 nd nd
Green vegetables 100 - 750 nd nd
Natto 20-40 nd 900 - 1200
Cereals 05-3 nd nd
Cheese 05-10 05-10 40 -80
Qther dairy produce 05-15 02-15 0-35
Eggs 05-25 10-25 nd
Margarine/plant oils 50 - 200 nd nd
Wine and beer nd nd nd

e From Schurgers et al, 1999 & MK-n consists of all forms of menaquinones other

than MK-4 < Not detectable
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In the Western diet nutritionally significant amounts of long-chain menaquinones have only
been found in animal livers and cheeses (NattoPharma, 2007; Schurgers et al., 1999;
Schurgers et al. 2007a; Matschiner, et al., 1967). Yeasts do not synthesize menaquinones
and menagquinone-rich foods are those that include a bacterial fermentation stage.

The relative dietary importance of vitamin K; is difficuit to evaluate because concentrations
in foods may depend on the geographic differences in animal husbandry practices and the
use of menadione (vitamin K3) in feedstock (Booth and Suttie, 1998; Matschiner, et al.,
1967). MK-4 is synthesized from menadione in animal tissues. There is also evidence that
animal tissues and dairy products may contain some MK-4 as a consequence of tissue
synthesis from phylloquinone itself (Booth and Suttie, 1998; Matschiner et al., 1967).

C. Current Estimates of Vitamin K in Total Diets

1. Intake from Food. It is common for newborn infants in the US to receive an
injection of vitamin K to compensate for immature blood coagulation systems at birth.
FDA requires vitamin K supplementation of infant formula.® FDA also requires that
olestra-containing foods be supplemented with vitamin K to counteract the action of
olestra to interfere with the absorption of fat-soluble vitamins.” It is interesting to note
that there are no food additive or GRAS listings for sources of vitamin K. Itis
suspected that phylloquinone is added in these cases, presumably sanctioned by an
independent GRAS determination.

Studies evaluating the average daily intake of vitamin K within diets of various
worldwide population groups are spotty, at best. Booth and Suttie (1998) observed
that while medical and nutritional texts state that the average American diet contains
between 300 and 500 ug of vitamin K per day, in reality the vitamin K intake of most
individuals is closer to the recommended dietary allowance (RDA) of 1 ug/kg body
wt/day and that many individuals fail to even meet this lower level on a daily basis.
Until recently, menaquinones were thought to contribute little to the body's
requirement for vitamin K, so most data measuring vitamin K intake in the standard
American diet focus solely on phylloquinone intake concentrations. Table 6
summarizes Booth and Suttie’s findings which compared 11 studies that were
conducted to measure vitamin K; consumption by age group. While the numbers
come primarily from American diet studies, one Dutch and one Scottish study are
included.

Compared to the United States, Schurgers et al. (1999) report that the mean dietary
intake of vitamin K, in the Netherlands is high (80 vs. 250 yg/day). In a study
measuring vitamin Ky, MK-4, and MK-n intake in 5435 elderly Dutch, the mean
phylloquinone intake was reported as 249 + 2 yg/day, mean MK-4 intake was 6.8
0.04 ug/day and the mean intake of the higher menaquinones, especially MK-7, was
21.6 £ 0.2 yg/day. Geleijnse et al. (2004) report similar data for Dutch men and
women aged 55 years and older with no history of myocardial infarction.

In another study, Kaneki et al. (2001) report a large geographic difference in serum
vitamin K, (menaquinone-7, MK-7) levels in postmenopausal women. Serum MK-7

s See 21 CFR 107.100. 000016

7 See 21 CFR 172.867(d).
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Table 6. Dietary Phylloquinone Intake Per Day in Healthy Men and Women®

M+F > 60 80 (American Study)
M+F 60 - 80 17 143 (American Study)
M 55-75 9 164 (American Study)
F 41-71 362 156 (American Study)
F 60-79 80 210 (Dutch Study)
M+F 20-40 17 111 (American Study)
M+F 22-54 65 68 (Scottish Study)
M+F 18-55 221 61 (American Study)
M+F 28-45 1,490 71 (American Study)
M 20-35 10 77 (American Study)
M 20-28 9 83 (American Study)

a From Booth and Suttie, 1998.

concentrations were 5.26 + 6.13 ng/mL (mean x SD) in Japanese women in Tokyo,
1.22 £+ 1.85 in Japanese women in Hiroshima, and 0.37 £ 0.20 in British women.
Serum concentrations were significantly higher in regions where natto is frequently
eaten. Natto, with its large amount of MK-7, is eaten often in eastern Japan (Tokyo)
but seldom in western Japan (Hiroshima).

2. Intake from Dietary Supplements and Other Forms. Vitamin K is commonly found
in multiple vitamins as phylloquinone at levels of 10 - 80 ug per daily dose (Johnson,
2005). Single ingredient dietary supplements of vitamin K; are widely available in the
US, and the dosage form is usually 100 ug per tablet.

In Europe as well as in the US, MenaQ?7 is sold in dietary supplements in a
recommended dose of 45 ug MK-7/day for adults.

MK-4 is registered as a drug (brand names GLAKAY, EISAI) in Japan and is
commonly used in Japan to treat osteoporosis in multiples of 45 mg/day (Plaza &
Lamson, 2005).

D. Nutritional Requirement for Vitamin K

The National Academy of Sciences, Institute of Medicine’s Food and Nutrition Board (NAS,
2000) acknowledges that, because of the lack of data to estimate the daily average dietary
requirement, an Adequate Intake (Al) is estimated based on representative dietary intake
data from healthy individuals. The Al for vitamin K, for men is set at 120 ug/day and that
for women is 90 pg/day. This was apparently set largely based on data on vitamin K4
Because no adverse effects have been reported for individuals consuming higher amounts
of vitamin K, a Tolerable Upper intake Level (UL) was not established.

European experts in the field of vitamin K suggest that daily intakes between 200 and 500

pg/day, preferably in the form of vitamin K3, may be required for optimal carboxylation of
extrahepatic GLA proteins (Askim, 2001; Vermeer et al., 2003). The Expert Group on

Vitamins and Minerals (EVM, 2003) reports that an intake of 0.001 mg/kg body weight/day

(60 pg/day) was probably adequate for proper coagulation function. 0000 1’7
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IV. Intended Food Use and Dietary Estimates

A. Intended Use of MenaQ?7 in Food

NattoPharma intends to add the two existing MenaQ?7 products to selected processed food
categories as a nutrient supplement as defined in 21 CFR 170.3(0)(20). The MenaQ?7
products will be added at levels ranging from 6.7 - 10 mg/serving to deliver 10 pug of MK-7
per serving of food. NattoPharma is developing other MenaQ?7 products of varying
concentrations of MK-7 for formulation flexibility for the food industry.

The foods to which MenaQ7 will be added include dairy products and butter and margarine
substitutes. The dairy products targeted include yogurt, cottage cheese, hard cheeses, and
milk drinks and substitute products. NattoPharma recognizes that certain foods may have
compositional restrictions because of specified food standards; for those foods MenaQ7
can only be added if allowed by the food standards or if incorporated into substitute or
alternate foods that are not subject to the food standards limitations.

B. Estimated Dietary Intake for the United States

USDA survey data indicate that the average consumption of total dairy products for
Americans is 1.5 servings per day.® Based on FDA guidance, a level of twice the average
(or 3 servings per day) can be considered an overestimate of the 90" percentile of total
dairy products (FDA, 20086).

USDA survey data indicate that the average consumer consumes 4 g/day of table fats, the
category which includes butter and margarine products.® Given the serving size of 5 g, this
equates to 0.8 servings per day for the butter and margarine type products; at twice the
consumption of the mean to estimate the 90" percentile consumer, we obtain the estimated
consumption of butter and margarine products to be about 1.6 servings per day.

To deliver 10 pg of MK-7 per serving of food, 6.7 mg per serving of MenaQ7 Qil M 1500
(which contains 0.15% MK-7) will be added to the designated food. When adding MenaQ7
Powder P 1000 (which contains 0.10% of MK-7), 10 mg per serving will be added to the
designated food.

Thus, a total daily dietary intake of MK-7 using either MenaQ7 Qil M 1500 or MenaQ?7
Powder P1000 as described above provides 50 ug of MK-7. Since the MenaQ7 Oil M 1500
is 95+% sunflower oil, 5 total servings of the designated foods would provide about 35
mg/day of sunflower oil to the diet. At 5 servings per day, the consumption of added
components of MenaQ7 Powder P 1000 products will be as represented in Table 7.

8 USDA, 1999. Table 4a. Pyramid Servings Data for Dairy Products.
9 USDA, 1997. Table 9.6. Eggs; legumes; nuts and seeds; fats and oils; sugars and sweets: Mean quantities (in grams) consumed

per individual, by sex and age, 1 day, 1994-95.
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Table 7. Non-Menaquinone Components of MenaQ7 Powder P 1000

e
Dextrin 80 65 Bmgday | 12
Sunflower Oil 20-25 12.5 mg/day 4
Sodium casein 10 5 mg/day 2
Starch sodium octenylsuccinate 2 1 mg /day 0.3
Glycerol fatty acid ester 1 0.5 mg/day 0.2
L-Ascorbyl palmitate 0.5 0.25 mg/day 0.1
y\hﬁwf
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V. Safety Data for MenaQ?7

Due to the structural similarities of phylloquinone and the various menaquinones, the safety
data for all these forms have been considered as part of the safety review of MK-7 and
MenaQ?7.

A. ADME Studies

The K vitamins are absorbed in the small intestines, and enter the circulation via the
lymphatic system and are transported in the blood by binding to chylomicrons (Wildman
and Medeiros, 2000). Several forms of vitamin K; differ by the length of the side chain at
the 3-position of quinone ring as discussed in Section Il. MK-4, which is the major form
synthesized by intestinal bacteria and found in meat and cheese, has a side chain with four
isoprene units. MK-7, which is the major form synthesized in the fermentation process for
natto, has seven isoprene units on the side chain. Other forms which exist naturally and
are designated as MK-5 through MK-11.

The function, tissue distribution and the metabolic interconversions of the various forms of
vitamin K are not entirely understood. NAS (2000) summarized the level of understanding
in the year 2000.

The human gut contains a large amount of bacterially produced menaquinones, but their contribution
to the maintenance of vitamin K status has been difficult to assess (Booth and Suttie, 1998). Although
the content is extremely variable, human liver contains about 10 times as much vitamin K as a mixture
of menaquinones than as phylloquinone (Shearer, 1992; Thijssen and Drittij-Reijnders, 1994; Usui et
al., 1990). Absorption of these very lipophilic membrane-associated compounds from the distal bowel
has been very difficult to demonstrate (Ichihashi et al., 1992).

Some light has been shed on these issues in recent studies by examining the absorption,
distribution and metabolism of excretion of various forms of vitamin Ka.

Several published studies in human volunteers with oral doses of natto showed that MK-7 is
absorbed and can be detected in plasma (Sumi, 1999; Tsukamoto et al., 2000; Kaneki et.
al., 2001, Schurgers et al., 2007). Plasma levels of MK-7 were found to be higher in
women from Japan than women from Britain. The difference was correlated to the use of
natto in the diet by the Japanese women (Kaneki et al., 2001). In two studies, good
bioavailability of MK-7 was observed form natto capsules and natto food (Vermeer, 20033;
Schurgers et. al., 2007a). Higher and more stable blood levels of vitamin K were seen with
MK-7 than phylloquinone in both studies.

Thijssen et al. (2002) demonstrated that MK-4 found in human breast milk is derived from
phylloquinone in the maternal diet. The plasma half-life of MK-9 from dietary absorption is
longer that that of phylloquinone and MK-4 (Schurgers and Vermeer, 2002). Schurgers et
al. (2007a) demonstrated that the halif life of MK-7 in plasma was longer than for
phylloquinone when similar levels of either form was consumed in the diet.

Degradation of the side chain can occur in mammalian tissues. Based on studies with
phylloquinone and MK-4, the liver is likely the principal site of vitamin K, metabolism
involving oxidative degradation of the side-chain with the resulting subsequent elimination
via the bile or urine (IARC, 2000).
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B. Clinical Studies on Vitamin K Derivatives

1. Studies on MK-7. In a single dose study, 8 postmenopausal women consumed
80 g of natto (Kaneki, et al., 2001). Each dose contained approximately 1100 pg of
MK-7. The blood levels of MK-7 were followed for 14 days. Good bioavailability of
MK-7 was found. There was no mention of adverse effects in any of the subjects.
Three published clinical studies with repeated dose regimens shed light on the safety
of natto and MK-7.

Tsukamoto et al. (2000) studied the influence of intake of fermented soybeans (natto)
containing MK-7 (menaquinone 7) on increased serum MK-7 and y-carboxytated
osteocalcin in 48 adult volunteers in a short-term study. It is known that the intake of
MK-7 may be significant in reducing age-related bone loss. Three groups of 16
adults each (15 males and one female) were given sequentially the natto (50 g) with
three different concentrations of MK-7 once a day for 14 days as follows: regular
natto with 865 ug MK-7/100 g of natto; reinforced natto containing 1295 ug MK-7/100
g, or 1730 pg MK-7/100 g. Reinforced natto already contains more MK-7 than
regular natto. The intake of natto was performed between 6 AM and 8 AM each day,
and blood samples were taken between 10 AM and 12 AM on the day prior to the
intake or 7, 10 and 14 days after the intake. Serum MK-7 and osteocalcin were
measured using analytical methods. The serum MK-7 and y-carboxylated
osteocalcin concentrations were raised 7, 10 and 14 days after the start of the intake
of the reinforced natto containing 1295 pg or 1730 ug MK-7. The intake of regular
natto containing 865 pg MK-7 significantly raised serum MK-7 levels, but not
osteocalcin levels. These results suggest that the MK-7 addition to reinforced natto
leads to the y-carboxylation of osteocalcin, which plays an important role in bone
formation. No adverse effects in subjects were noted by the authors.

Seventy-three (73) healthy pre-menopausal women were randomly allotted to one of
four fermented soybean (natto) consumption regimes (Katsuyama et al., 2004). The
women consumed O (control), 1 serving/month, 1 serving/week, or 3 servings/week
of natto at lunch for a period of 1 year. Each natto serving contained 175 ug of MK-
7. Bone turnover markers and a stiffness index, measured by quantitative
ultrasound, were measured at baseline, 6 months, and after 1 year. No significant
differences were observed in the stiffness index of the control and natto treatment
groups. BAP (bone specific alkaline phosphatase---a marker for bone formation)
was reported to be significantly higher in women consuming 3 natto servings/week
compared to those consuming 1 serving/week after 1 year. The level of
undercarboxylated osteocalcin (a marker for inactive osteocalcin) was observed to
be significantly iower in the women consuming 3 natto servings/week compared to all
other women after 6 months. Furthermore, as compared to the control group, two
markers for bone formation---BAP and undercarboxylated osteocalcin—both changed
in the direction of improved bone health in the highest treatment group (3
servings/week). An increase in natto intake may have contributed to the promotion
of bone formation in pre-menopausal women. No adverse effects were reported in
study participants.

In the most recent study, 18 volunteers received either 180 ug MK-7 form natto
capsules or 150 g of phylloquinone once a day for six weeks (Schurgers, et al.,
2007a). The primary purpose of the study was to measure vitamin K biood levels
and forms of osteocalcin. No adverse effects were noted during the course of the
study.
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The results of these studies are summarized in Table 8.
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Table 8. Clinical Studies on Natto and Other Sources of MK-7
Srmpy
s?gt?ﬂl:agattgfv:\l;hhgﬁs;:g Results suggest that MK-7 addition to
3 groups of 16 reinforced %atto coniainin reinforced natto leads to the y-carboxylation
Tsukamoto et al., 2000 | aduits each (15 1295 ug MK-7/100 a. of 91 of osteocalcin, which plays an important role
males and cne 1730 Hg MK-7/100 g} 14 in bone formation. No adverse effects in
female days Hg MR- g subjects were noted.
0 (control), 1
serving/month, 1 Increase in natto intake may have
73 healthy pre- serving/week, or 3 contributed to promotion of bone formation in
Katsuyama et al., 2004 | menopausal servings/iweek of natto at | pre-menopausal women. No adverse effects
women in 4 groups | lunch for a period of 1 reported in study participants.
year. Each natto serving
contained 175 ug of MK-7
Groups of healthy
postmenopausal
women from Tokyo Overall, the auth lude that there is a lal
. H verall, the authors concius efe is a large
(41335'3_0182?m3, ng:o%tig;‘itgonusﬁd geographic difference in vitamin K, specifically
Kaneki et al., 2001 f-lg hi 2’5 f MK<. 13.998 ng) g\/ng MK-7, serum levels, and that that difference may
iroshima ( o 19,990 NGIG MR- | o bartially ascribed to natto intake. No adverse
participants, aged | 7 and 168 ng/g MK-8 effects noted.
51-66), and London
e (31 participants,
aged 48-84)
, Blood levels of vitamin K more stable in
Dally doses of 180 ug subjects receiving MK-7 rather than
Schurgers, et. al., 18 healthy MK-7 from natto ca_psules phylloquinone. MK-7 reduced concentration
2007a volunteers ?;r 165\?»: ggkghylloqumone of undercarboxylated osteocalcin. No
adverse effects noted.
2. Clinical Studies on Other Derivatives of Vitamin K
Several clinical studies were conducted with MK-4. Many of these studies were
conducted to evaluate the effect on various parameters related to bone metabolism.
A few others studied the effects on various disease states. The doses in these
studies were usually multiples of 45 mg per day. The duration of the more significant
of these studies ranged from 24 weeks to two years. The results are summarized in
Table 9.
S

000022



GRAS Assessment -- NattoPharma ASA
Menaquinone-7 / MenaQ7

Page 21
Table 9. Clinical Studies on Other Forms of Vitamin K,
N
25 women with . .
N o . 22 of 25 patients assigned to the test group completed study. No
Shiomi et al., 2002 |7n£er cirhosis, 42- | 45mgi2year | . erse effects refated to treatment w?th vitamin K> were noted.
years of age
Adverse effects included heartburn, stomach upsets, and
abdominal fullness. Authors either considered symptoms to be
unlikely related to treatment or were unable to ascertain a
relationship between vitamin Kz treatment and the effects.
90 mg or Increases in GOT, GPT, ALP and y-GPT reportedly observed in
Orimo et al., 1998 75 osteoporotic placebo/24 weeks single subject in vitamin K. treatment group and were described as
patients probably related to treatment. All variations were reported to return
to normal levels following study completion. No significant
differences were reported in prothrombin time between test
subjects and the placebo control group.
Levels of MK+ increased significantly 4 weeks after administration
and remained elevated for duration of study period. Plasma levels
5 male. 25 of phylloquinone and MK-7 unchanged from pre-treatmem levels.
femaie 45 mg, 3x/dayl>3 No variations observed in any of 10 hemostatic parameters
Asakura et al., 2001 ost i v’Jeeks examined. A group of vitamin K-deficient patients identified.
paeutipenmtsu . Overall, concluded that vitamin Kz can be administered safely
without inducing hemostatic disturbances to patients not treated
with anticoagulants.
Bone mass monitored and levels of circulating undercarboxylated
osteocalcin. Throughout study period, women attended monthly
43 subjects in 0or45 clinic, at which point any adverse events were reported. At6
Bunyaratavej et al., test group, 40 mg/day/12 months into the study period, the calcium control group aiso was
S 2001 subjects in mont)tlls placed on vitamin K2 supplementation. Adverse reactions reported
“ control group over the course of the study period imited to 2 incidences of mild
skin rash, which subsided once treatment was discontinued.
Symptoms of MDS-RA were reported to improve with
menatetrenone treatment in 5 of 9 patients (56%), while only one
{11%) of the group 2 patients displayed improvement in MDS-RA
symptoms. In treatment group, absolute neutraphil count (ANC)
rose significantly in 3 patients, major response in hemoglobin
18 MDS- 0 or 45 ma/day/16 concentration observed in 2 patients, and major response in
Takamietal.,, 2002 | refractory anemia weeis y platelet count observed in another 2 patients. Overall, ANC of
patients treatment group increased following menatetrenone treatment and
decreased slightly in control group. Significant improvement seen
in final platelet count, but not in hemoglobin concentration. Given
the absence of toxicity associated with menatetrenone
administration, recommended its use for all MDS-RA patients.
210100 g of natto
(26.4 ug
menanquinone-7
per 2g natto) or | Neither blood coagulation nor fibrinolytic systems as determined on
Sumietal., 1999 6 males 1gofanafto the basis of thromboerastography (TEG) pattemns, prothrombin
bacilli powder time (PTT), and APTT were affected.
containing 23.0
Mg menaquinone-
7/q powder
Single Authors noted that menatetrenone appears to transfer into
intravenous dose | placental tissue, where it is stored, and subsequently gradually
Preqnant of 60 mg released into fetal blood. Vitamin K found to be concentrated in
lioka et al., 1991, th reg (number menatetrenone or | maternal milk, where on day 4 following intravenous administration,
1992 mo ters ified 20mg levels 90-times greater than those identified in maternal blood for
not specified) menatetrenone | same period of time were reported. No adverse effects reported in
“ orally for a period | mothers or infants.
o of 7 days
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Oral
Pregnant ag{)ninistratﬁon of Siggiﬁlcantly incr:e;sed Ieve:i ?f"vitamin Kzlindmothers’tplasma,
mg vitamin cord plasma, and breast milk following oral administration.
Motohara et al., 1990 mothters (q?n;ber Ka/day for 7 to 10 | Postnatally, infants observed for period of 5 days, during which no
not specified) days prior to evidence of bleeding reported.
delivery
Neonates
exhibiting Si
thrombotest .m_gle or a Vitamin Ko significantly increased thrombotest values without
administrationof | . " -antly Increase g
Suzuki results below significantly affecting bleeding time or levels of plasma bilirubin and
uzuki et al., 1984 20% 48 h up to 6 mg of .
0 48 hours vitamin Ko via hematocrit.
following birth 1 mL of syru
(number not yrup
specified)
Vitamin Kz (dose
not specified) BMD of controt group significantly higher than that of untreated and
200 female supplementation | treated groups at baseline. In treated group, 86% fewer
patients with when nonvertebral fractures and 87% fewer hip fractures observed
Alzheimer's administered compared to untreated group. Combined treatment of elderly
Sato et al., 2005 disease. 100 concurrently with | female Alzheimer's disease patients with MK-4, ergocalciferol, and
h ! 600 mg calcium may represent safe and effective measure for increasing
calthy females | - imiday and | b d reducing the risk of fracture. No adverse effects
as control group calcium/day an one mass and reducing the risk of fracture. No adverse effec
1000 1U were reported in study participants.
ergocalciferol/day/
2 years
All were
administered
leuprolide
therapy? for their | Percent decrease from baseline of lumbar BMD of women
respective receiving vitamin Kz, alone or in conjunction with 1,25-(OH)2-Ds,
110 Japanese oestrogen- were significantly lower than percent decrease reported for control
females (24 to 52 dependent group. Significantly larger increase from baseline in serum bone
Somekawa et al years of age) disease either formation markers observed in groups administered vitamin K,
1999 ! diagnosed with alone (control) or | compared to control group, while no significant differences
endometriosis in conjunction observed in serum bone resorption markers. Administration of
and/or uterine with 45 mg vitamin K2 reported to partially prevent bone loss associated with
leiomyomas vitamin Kz, 0.5 pg | oestrogen deficiency resulting from leuprolide treatment. No
1,25-{(OH)2-Ds, or | adverse effects were reported in study participants.
45 mg vitamin Kz
and 0.5 ug
1,25-(OH)2-Da/ 6
months

C. Animal and Other Toxicology Studies of Vitamin K Derivatives

1. Acute Studies. Two acute oral studies in mice are reported for menaquinone. No
deaths or side effects were reported following administration of a single oral dose of
540 mg vitamin Kx/kg body weight to mice (no other details were provided;
Takehara, 1981). In an older study, a LDso value of 500 mg /kg was reported for
menanquinone in mice (Molitor and Robinson, 1940).

2. Subchronic and Chronic Studies. Two subchronic studies have been conducted
on MK-4. No adverse effects were seen in a 13-week oral toxicity study conducted
in groups of Sprague-Dawley rats (10/sex/group) at 30 mg/kg body weight/day
administered by gavage (Doi et al., 1995). In a 3-month study in male and female
beagle dogs (number per group not identified), the authors identified 200 mg/kg as
being the no observed adverse effect level (NOAEL) (Goldsmith et al., 1995).

Longer term, repeat-dose toxicity studies were conducted with rats and dogs
receiving oral menatetrenone administrations for a period of 1 year (Hosokawa et
al., 1995; Vanatta et al., 1995). Hosokawa et al. (1995) provided menatetrenone to
Fisher 344 rats (20/sex/group) at dietary concentrations of O (control and non-
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treated naive groups), 0.04, 0.2, or 1.0% (providing approximately 0, 20, 100, and
500 mg menatetrenone/kg body weight/day, respectively). Based on the results
obtained under the conditions of this study, the dietary concentration of 0.04%
(approximately 20 mg/kg body weight/day) was determined as the NOAEL in rats.

In the dog study, the 1-year treatment period was followed by a 3-month recovery
period (Vanatta et al., 1995). Menatetrenone was provided orally in capsules to
groups of 6 male and 6 female dogs to provide doses of 0 (empty capsule), 20, 200,
or 2,000 mg/kg body weight/day. The authors concluded that 200 mg/kg body
weight/day was the NOAEL in this study.

3. Reproductive and Developmental Studies. Menatetrenone was administered
orally at doses of O (control), 10, 500, or 1,000 mg/kg body weight/day or
intraperitoneally at doses of O (control or solvent), 5, 50, or 100 mg/kg body
weight/day to pregnant mice and rats for a period of 6 days from days 7 to 12 and 9
to 14 of gestation, respectively (Suzuki et al., 1971). No differences were observed
in the number of total implants, percentage of resorptions, dead or live fetuses, mean
body weights, and type and number of anomalies in mice or rat fetuses irrespective
of the route of administration. Following oral administration, mouse fetuses obtained
from the mid- and high-dose groups (500 and 1,000 mg/kg body weight/day,
respectively) exhibited an increased incidence of non-ossified forelimbs compared to
fetuses of control mice. Skeletal anomalies were limited to an increased frequency
of variations of the cervical ribs in the mid-dose fetuses. Compared to controls,
variations in post-natal development in the test groups (results reported for only the
10 and 1,000 mg/kg body weight/day dose groups) included increased separation of
ear auricular and emergence of abdominal hair in high-dose offspring. Descent of
testes was reduced in low-dose (10 mg/kg body weight/day) male fetuses compared
to untreated controls. In rat fetuses, a decrease in non-ossified forelimbs was
observed in the low-dose group, while increases in undeveloped metatarsals and
non-ossified hind limbs were observed in fetuses from the high-dose group. No
statistically significant variations were reported in the postnatal development or
weaning of rat offspring.

No significant malformations in offspring or any other reproductive or developmental
effects were seen a study with rats of unspecified strain (22 to 24/sex/group) which
were orally administered 0, 10, 100, or 1,000 mg/kg body weight/day of MK-4 for a
period of 14 days (Mikami et al., 1981). There also were no significant compound-
related effects observed on the physiological, morphological, or functional
development of offspring during the peri- and post-natal periods.

In a study with intraperitoneal administration of menatrenone to pregnant mice, the
authors concluded that menatrenone did not induce any teratogenic effects, mortality
or inhibition of fetal growth, and, postnatally, did not affect development or weaning
(Suzuki et al., 1971).

4. Mutagenicity and Genotoxicity Studies. Several mutagenicity and genotoxicity

studies have been conducted on various forms of vitamin K. These results appear in
Table 10.
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Table 10. Mutagenicity and Genotoxicity Studies
on Various Forms of Vitamin K
SOS inducing potencies varied by a factor of 2
between replicate experiments, consistent SOS
induction occurred with vitamin K micelles and
Cook et al., In Vitro SOs Positive increased in a dose dependent manner. The SOS
1991 chromotest inducing potency factor in the two sets of results
show 0.02 and 0.04 respectively. Itis generally
accepted that inducers of the SOS response in
bacteria are considered genotoxins.
Vitamin K and K2did not cause significant single
strand breaks in the presence or absence of
HT-29 Negative (K1 dicoumarol as compared to the control (untreated
D'Ordorico In Vitro (colon and Kz) cells). The authors conclude that the natural
etal., 1997 carcinoma Positive (K3 forms of vitamin K (K1 and Kz) do not cause DNA
cell line) )| damage in HT-29 cells while the synthetic form of
vitamin K (K3 or menadione) does cause dose-
dependent DNA damage.
Fetal sheep were given a 1 mg dose of vitamin K1
into the femoral vein via a catheter. The mean
Israels et Sister number of SCEs per metaphase increased from
al. 1987 In Vivo Chromatid Inconclusive | 3.94 + 0.15 at 15 minutes pre-injection to 5.38 +
N Exchange 0.23 at 24 hours post-injection. The increase in
SCE was low but was stated to be statistically
significant.
In vitro SCE induction was investigated in both
fetal and adult sheep leukocytes incubated with
vitamin K1. The doses tested ranged from 0.1 nM
Israels et Sister to 1 M. At 0.1 nM the number of SCEs in the adult
al. 1987 in Vivo Chromatid inconclusive | cells (from the dam) was not significantly different
" Exchange from the solvent control. The number of SCEs in
the fetal cells was significantly increased
compared to the controls. The increase in SCEs
in the adult cells became significant at 10 nM.
Significant Vitamins K1, K3, K4 and 1,4 naphthoquinone
Edenharder n Vitro Ames anti-mutagenic caused a concentration-related reduction in the
etal., 1999 Salmonelia effect mutagenicity of six heterocyclic amines in the
Ames Salmonella assay.
Vitamin K1 Vitamin K1was not mutagenic in the presence and
Tikkanen et In Vitro Ames negative; absence of metabolic activation systems in TA98,
al., 1983 Salmonella sitive, TA 100 and TA2637 strains of salmonella.
po Menadione was mutagenic in strain TA2637.
D. Other Studies in Animal Models 000026

Several other studies with laboratory animals which primarily studied the nutritional efficacy
of vitamin K; have some relevance to the safety review. In general, these studies were 2-8
weeks in duration and involved diets with varying levels of minerals or other vitamins. In
these studies, the authors did not note any adverse effects attributable to vitamin K,
(Tomiuga et al., 1994; Akiyama et al., 1999; Kobayashi et al., 2002; lwamoto et al., 2005).
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E. Epidemiology Studies

Several retrospective studies have examined the relationship of dietary vitamin K and
health. These studies have shown possible benefits in bone metabolism (Feskanich et al.,
1999; lkeda et al., 2006) and cardiovascular health (Geleijnse et al., 2004). No adverse
effects were identified in these investigations that could be associated with vitamin K levels
in the diet.

IARC (2000) reviewed the hypothesis that vitamin K therapy in infants may be associated
with childhood cancer. A total of 7 epidemiology studies, and other information related to
carcinogenicity, including mutagenicity studies were reviewed. Only 2 of the studies
showed a possible association with increased incidence of cancer when given by the
intramuscular route. None of the studies that followed administration by the oral route
showed any association with increase of incidence of cancer. IARC concluded that vitamin
K therapy in infants was not classifiable for carcinogenicity since the evidence was
inadequate.

F. Clinical Studies on Effects of Vitamin K to Patients on Anticoagulant Therapy

Schurgers et al. (2004) studied the effect of vitamin K intake on the action of anticoagulants
in healthy subjects. Twelve volunteers (6 men aged 26 - 30 and 6 women aged 25 - 31)
were anticoagulated with acenocoumarol for 4 weeks in order to become stabilized. After
this time, incremental doses of vitamin K supplements were administered daily for 7 days,
starting with 50 pg of vitamin K supplement at week 1 (week 5 of the study) and ending with
500 pg of vitamin K supplement at week 7 (week 11 of the study). Blood samples were
taken 4 days a week after an overnight fast. During the 2 weeks following the highest dose
of vitamin K supplement (weeks 12 and 13), the participants experienced a wash-out period
in which they did not receive any vitamin K treatments, but still remained on acenocoumarol
to remove all traces of vitamin K from their systems. Four weeks following this period
(weeks 14 through 17), the participants ingested meals rich in vitamin K once a week (on
Mondays), beginning with spinach, and continuing with broccoli, curd cheese, and finally
natto. Blood was collected prior to and after ingesting the meals and at 24 hour intervals
during the subsequent week. Plasma concentrations of vitamin K, as well as vitamin K
content of food items, were measured with liquid chromatography, and the amounts of
circulating K-dependent coagulants (11, IV, IX, and X) were measured by coagulometer.

The internal normalized ratio (INR), a coagulation value, was calculated using a pre-
established formula. Results showed that there was a significant decrease in INR at 150 pg
of vitamin K per day in women and 200 ug of vitamin K per day in men. Meals high in
vitamin K provided little, if any, change. Ultimately, this studied demonstrated that
supplements providing up to 100 pg/day of vitamin K do not significantly interfere with oral
anticoagulant therapies.

Schurgers et al. (2007a) compared the absorption and efficacy of vitamin K, and
menagquinone-7 (MK-7) in healthy volunteers aged 25-35. In the first study, 15 volunteers
received 100 ug each of vitamin K; and MK-7. Blood was taken at baseline, 2, 4, 6, 8, 24,
48, 72, and 96 hours post intake. In the second study, 10 volunteers received 1 mg/L of
vitamin K, and MK-7 in increasing doses of 50, 100, 150, 200, 250, 300, and 500 ng per
day with a wash out period of 2 weeks between doses. Blood was taken at baseline, 4, and
24 hours post intake. In the third study, 18 volunteers received either 0.22 umol/day of
vitamin K, or MK-7 for 6 weeks. Blood was drawn in the morning on days 3, 7, 14, 21, 28,
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35, and 42 in order to measure vitamin K and osteocalcin levels. In the fourth study, 12
volunteers were treated with acenocoumarol for about 3 weeks to stabilize them at an
international normalized ratio (INR) value of 2. Upon stabilization, 110 nmol vitamin K, or
150 nmol MK-7 was taken every day for a week and then increased by 110 nmol or 150
nmol, respectively. Blood was taken at the end of each week for analysis. All blood
samples from the four experiments were processed, and the serum levels of vitamin K, and
MK-7 were analyzed by HPLC. Osteocalcin was quantified using molecular methods and
anticoagulants were measured using a coagulometer. Results from the various studies
showed that both vitamin K, and MK-7 levels peaked 4 hours after ingestion and rapidly
declined thereafter. MK-7 displayed a longer half-life than vitamin K, as evidenced by
increased serum levels at up to 5 days post ingestion, and was more effective at catalyzing
osteocalcin and counteracting anticoagulants. Because of these factors, the authors
concluded that doses greater than 50 ug/day may interfere with anticoagulant therapy
treatment in a clinically relevant way.

G. Adverse Events and Contraindications

A case of persistent indurated erythema, at the site of intramuscular injection of a
menatetrenone preparation, was reported in a 48-year-old woman diagnosed with liver
cirrhosis (Yamamoto et al., 1982). The patient was subsequently subjected to
intracutaneous testing with a vitamin K; preparation. Evaluated at 48 and 72 hours, positive
reactions were observed and were accompanied by an acute flare-up of lesions on the
buttocks as well as generalized pruritic-scattered erythema.

NattoPharma is not aware of any adverse reactions reported for ingestion of levels of MK-7
in the range of 500 - 1000 ug day from use of MenaQ7. Furthermore, reviews of the
literature indicate no adverse reactions to consumption of natto in Japan at levels of up to
100 g/day or to MK-4 therapy for osteoporosis at levels of 45 - 90 mg/day.
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VI. Discussion of Reviewed Information and GRAS Criteria

A. GRAS Criteria
FDA defines “safe” or “safety” as it applies to food ingredients as

“...reasonable certainty in the minds of competent scientists that the
substance is not harmful under the intended conditions of use. ltis
impossible in the present state of scientific knowledge to establish with
complete certainty the absolute harmlessness of the use of any substance.”*°
Amplification is provided in that the determination of safety is to include probable
consumption of the substance in question, the cumulative effect of the substance, and
appropriate safety factors. It is FDA’s operational definition of safety that serves as the
framework against which this evaluation is provided.

Furthermore, in discussing GRAS criteria, FDA notes that

“...General recognition of safety requires common knowledge about the
substance throughout the scientific community knowledgeable about the
safety of substances directly or indirectly added to food.”

FDA discusses in more detail what is meant by the requirement of general knowledge and
acceptance of pertinent information within the scientific community, i.e., the so-called
“common knowledge element,” in terms of the two following components: '

o Data and information relied upon to establish safety must be generally available,
and this is most commonly established by utilizing published, peer-reviewed
scientific journals; and

o There must be a basis to conclude that there is consensus (but not unanimity)
among qualified scientists about the safety of the substance for its intended use,
and this is established by relying upon secondary scientific literature such as
published review articles, textbooks, or compendia, or by obtaining oginions of
expert panels or opinions from authoritative bodies, such as JECFA' and the
National Academy of Sciences.

The apparent imprecision of the terms “appreciable”, “at the time” and “reasonable
certainly” demonstrates that the FDA recognizes the impossibility of providing absolute
safety, in this or any other area (Lu 1988; Renwick 1990).

B. Analysis of Safety Information Pertaining to MenaQ?7 and Vitamin K
MenaQ?7 is the ethanol extract of fermented soybeans and is subsequently formulated with

sunflower oil. According to the product analysis, the extracted soybean components are
tocopherol and menaquinones. All the raw materials used to formulate MenaQ7 products

10 See 21 CFR 170.3(i).
1t See Footnote 1.
12 Joint FAO/WHO Expert Committee on Food Additives.
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listed in Section II.D, as well as extracted tocopherol, are considered to be GRAS. Other
forms of Bacillus are considered to be GRAS as determined by FDA (FDA, 2001). The
Panel, therefore, focused on the menaquinone components to ascertain the safety of
MenaQ?7.

The physiological necessity of vitamin K has become more understood in the last two
decades. The function found first was as a coenzyme in the production of several cofactors
in the blood clotting mechanism. More recently, studies suggest that vitamin K has been
found to possibly have an important role in bone metabolism and cardiovascular health
(EVM, 2003).

Vitamin K is a family of molecules known as naphthylquinones. Phylloquinone is known as
vitamin Ky and is a natural form found predominately in leafy green vegetables. Various
forms of menaquinone constitute vitamin K,. MenaQ?7 is rich in the MK-7 form of vitamin
Ke.

The importance of vitamin K; has been the subject of some scientific debate. In the most
recent reports, expert bodies on nutrition in the US (NAS, 2000) and in the UK (EVM, 2003)
did not give a firm opinion on whether or not vitamin K; is nutritionally important. Booth and
Suttie (1998) speculated that, based on the unique tissue distribution of menaquinones in
humans, they are likely to be nutritionally important. In Japan, many clinical studies
demonstrate the improvements in patients with osteoporosis who are given large doses of
MK-4. This therapy is now commonly used in Japan for osteoporosis. Other studies
suggest several health benefits to consumers of natto, a rich source of MK-7 eaten
regularly by many consumers in Japan. MK-4 and MK-7 have been found to function as a
cofactor for the enzyme y-glutamyl carboxylase, the same pathway modulated by
phyllogquinone. lt is the opinion of the Panel that, although the absorption and distribution of
all forms of vitamin K are not totally understood, there is sufficient evidence that forms of
vitamin K; are absorbed, albeit slowly at normal dietary levels, and they contribute to
maintaining function of vitamin K-reliant pathways.

Despite the uncertainty about the nutritional importance of vitamin K, the Panel agrees that
there is no concern about the safety of the closely related vitamin K, (phylloquinone) and
vitamin K; (menaquinones) chemical structures for the healthy adult population at the
exposure levels under consideration.

NAS (2000) has indicated that the daily recommended intake (DRI) for vitamin K ranges
according to age and population groups from 75 -120 ug/day (for a 60 kg adult) and 30 - 75
Mg/day for children, and 2.0 - 2.5 pg/day for infants. NAS reported documented
consumption levels of 340 - 370 ug/day (5.7 - 6.2 pg/kg for a 60 kg adult). There were no
adverse effects associated with this level of consumption. NAS did not set an upper limit
(UL) for vitamin K consumption. EVM (2003) indicated that adverse effects would not be
expected with doses as high as 1 mg/day.

Some researchers have suggested that even higher levels are needed to prevent
osteoporosis and to maintain cardiovascular health. The Council for Responsible Nutrition
has set an ULS (Upper Level for Supplements) at 10 mg/day (Hancock, 2004). Vermeer et
al. (2003) states that daily intakes of between 200 and 500 pg/day of dietary vitamin K may
be required for optimal carboxylation of extrahepatic GLA-proteins, which may have
benefits for primary or secondary disease prevention. In a separate publication, Vermeer
(2003b) recommended that there would be better public health benefits if a greater
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proportion of supplements contained vitamin K; forms rather than vitamin K, forms and
noted that natto is the richest source of vitamin Ks.

It is important to note that, unlike other forms of fat-soluble vitamins, vitamin K is not stored
very well in human tissues, and appreciable amounts are lost in the urine and feces on a
daily basis (Wildman and Medeiros, 2000).

IARC (2000) reviewed the hypothesis that vitamin K therapy in infants may be associated
with childhood cancer. A total of 7 epidemiology studies, and other information related to
carcinogenicity, including mutagenicity studies, were reviewed. Only 2 of the studies
showed a possible association with increased incidence of cancer when given by the
intramuscular route. None of the studies that followed administration by the oral route
showed any association with increase of incidence of cancer. IARC concluded that vitamin
K therapy was not classifiable for carcinogenicity based on existing evidence.

The no effect levels found in the two longest term, i.e., one year, toxicology studies
conducted on MK-4 were 20 mg/kg in rats (Hosakawa et al., 1995) and 200 mg/kg in dogs
(Vanatta et al., 1995). These no effect levels are several orders of magnitude higher than
the most exaggerated consumption level predicted for total vitamin K.

High doses of MK-4 have been well tolerated in several clinical studies. A single 24-week
was conducted with doses of 90 mg/day. Many other studies were done using a dose of 45
mg/day most notably for durations of six months (Somekawa et al., 1999) and for two years
in two studies (Iwamoto et al., 2005; Sato et al., 2005). It is common for osteoporosis

‘ patients in Japan to be prescribed to take 45 - 90 mg/day of MK-4. This therapeutic

b regimen has been in place for at least a decade without report of adverse effects (Orimo et
al., 1998). Several studies have been done with MK-7. Up to 3 servings per week of natto
(equivalent to 525 ug/wk of MK-7) were well tolerated in a one year study (Katsuyama et
al., 2004).

By considering the composite studies cited, the Panel concluded that all forms of vitamin K
have a low order of toxicological potential. To be sure, it was noted that the recommended
dietary intake is several orders of magnitude lower than doses considered in the cited
studies. Comparison of the chemical structures of MK-7 to MK-4 and phylloquinone
provided further support for the safety conclusion. As previously reported, MK-4 differs in
structure from phylloquinone only by the presence of three unsaturated carbon-carbon
bonds in the side chain. MK-7 has three additional units on the side chain, and it is not
likely to more toxic than MK-4. Much clinical data on MK-4 indicate that it is safe at doses
of 45 mg/day and higher. The maximum daily intake of MK-7 from the designated food
uses of MenaQ7 proposed by NattoPharma is 50 ug/day.

The Panel has considered the evidence on the mutagenicity and genotoxicity of various
forms of vitamin K but is more influenced by the several epidemiology studies on cancer
incidence and the review by IARC which indicates that there is no indication of a cancer risk
from vitamin K at the low levels required in the diet.

The Panel has considered the potential interference of increased dietary vitamin K in
patients on anticoagulant therapy. Vitamin K therapy is useful in treating patients where the
anticoagulant therapy has resulted in blood levels which are too high. Vitamin K, may also
prevent the side effect of anticoagulant therapy of calcification of blood vessel walls. Still
there is the possibility that too much vitamin K may counteract the benefits of anticoagulant
therapy. The study by Schurgers et al. (2004) concluded that vitamin K, at dietary levels up
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to 100 ug/day would not interfere with anticoagulant therapy. The same group concluded in
a subsequent study (Schurgers et al., 2007a) that, because of the greater half life of MK-7,
doses greater than 50 pg/day should be avoided by patients on anticoagulant therapy.

The Panel is of the opinion that 50 pg/day of MK-7 is rather conservative. FDA considered
the need for a warning label directed at these patients on vitamin K-enriched foods
containing approximately 40 pg/serving of phylloquinone and decided that requiring a
warning label was not necessary.'® These patients are actively monitored for blood levels
of anticoagulants, and physicians can readily adjust their dosages and diets.

The Panel concluded that MK-7 is safe at a level of 1 mg per day or more for healthy adults.
Because of the possible interference with anticoagulant therapy, the Panel recommends a
conservative consumer exposure to assure that consumption does not consistently exceed
50 pg/day. Based on the desire of NattoPharma to supply 10 ug per serving in dairy
products and butter and margarine substitutes, and by considering the USDA food intake
survey data referenced in Section IV.B., the Panel is satisfied that consumers are not likely
to consume more than 5 servings of these foods per day. The Panel agrees that the
proposed limitation to use in dairy products and butter and margarine substitutes will
adequately limit consumption of MK-7 which obviates the need for a warning label for
consumers on anticoagulant therapy.

If a consumer were to eat on a chronic basis a combination of foods that are naturally high
in vitamin K, along with foods fortified with MenaQ7, as well as ingestion of a dietary
supplement containing vitamin K, it is difficult to imagine that the total vitamin K
consumption would exceed 300 ug/day (5.0 ug/kg for 60 kg adult). Even so, this level of
consumption would remain within the range which NAS considered to be safe. |n view of
the variability of natural vitamin K in the diet, it is not likely that levels this high could be
sustained over long periods. The Panel agrees that levels of MK-7 up to 100 ug/day would
be safe even with patients on anticoagulant therapy. However, NattoPharma has adopted
the prudent practice of limiting the addition to foods as noted elsewhere to keep
consumption levels at or below 50 pg/day.

The Panel has reviewed the other ingredients used in the manufacture and formulation of
MenaQ?7. As indicated in Table 4, all ingredient used in the formulation are adequately
covered by applicable FDA clearances. The Panel concludes that consumption of these
ingredients at the levels present in a total of 5 servings of dairy products and butter and
margarine substitutes combined is safe.

C. Common Knowledge Element of GRAS Review

As discussed in Section VI.A, the two components comprising the common knowledge
requirement must be satisfied for any GRAS determination.

Regarding the first element, the Panel recognizes that the vast majority of the studies relied
upon in the GRAS evaluation has been published and is available in the open scientific
literature. The information on the definition of natto, its common use in Japan and other
information on fermented soybean products is also readily available on the internet and
other public sources.

13 See 68 FR 43692, 2003
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The Panel recognizes that consensus exists in the scientific community on the importance
of vitamin K; in maintaining good health. More importantly for the GRAS designation is the
convergence of scientific opinions on the safety aspects of vitamin K and its principal
components, vitamin K; MK-4, and MK-7 with supportive positions having been proclaimed
by NAS, EVM, and IARC. The Panel cited several publications where scientists made
favorable comments on the need for vitamin K; in the diet (Hollander et al., 1976; Booth and
Suttie, 1995; Vermeer et al., 2003; Johnson, 2005; Schurgers et al., 2007a). The review by
the well-respected IARC committee (2000) adds substantially to the scientific consensus
that natural forms of vitamin K are safe and do not constitute a carcinogenic concern.
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VII. Conclusions™

Expert panels of scientists have indicated that no upper limit is needed for vitamin K
consumption, and other experts in the field have recommended an increased consumption
of vitamin K; to enhance bone and cardiovascular health. Ample scientific evidence exists
on MenaQ?7 and MK-7 to conclude that the anticipated human food use as a nutrient
supplement in dairy products and butter and margarine substitutes when consumed at daily
levels up to 50 pg/day by adults is generally recognized as safe.

The preponderance of the scientific evidence has established that FDA's food ingredient
safety standard of “reasonable certainty of no harm under the intended conditions of use”
has been met for menaquinone-7 and MenaQ7; consequently, MenaQ7 has attained GRAS
status and is exempt from premarket approval requirements.

February 22, 2008

Richard C. Kraska, Ph.D., DABT Date

February 22, 2008

Robert S. McQuate, Ph.D. Date

February 22, 2008

Stanley T. Omaye, Ph.D. Date

14 Appendix B contains the educational and professional backgrounds for Richard C. Kraska, Ph.D., DABT, Robert S. McQuate,
Ph.D., and Stanley T. Omaye, Ph.D. Each has extensive technical background in the evaluation of food ingredient safety. Drs.
Kraska and McQuate each worked on GRAS and food additive safety issues within FDA’s GRAS Review Branch earfier in their
careers and subsequently continued working within this are in the private sector. Dr. Omaye is a professor of nutrition at the
University of Nevada, Reno and has published extensively on the nutritional and toxicological aspects of food ingredients. Dr.
Kraska served as Chair of the Panel. O 0 0 0 3 4
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Appendix A

Product Specifications

MenaQ?7 Oil M 1500

MenaQ7 Powder P 1000

Certificate of Analysis

Certification for Non-GMO Status

MenaQ?7 Oil M 1500

MenaQ?7 Powder P 1000
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PRODUCT: MenaQ7 OIL M 1500
PRODUCT INFORMATION DATASHEET

NattePharma”

FOOD SUPPLEMENT/DIETARY & FORTIFIED FOOD VITAMIN INGREDIENT

ct name ~ MenaQ7 OIL M 1500

Chemlcal name ) ~__ Menaquinone-7 L

Common name o . VitaminK2 i

Vltamm concentratlon . o lSOQyWENM L

Product form ‘ ( _Sunflower 011 formu!atwn

General product information Natural Vitamin K2 extracted from Bacillus subtilis
fermented soybeans (natto)

Scope of product information Product evaluation documents

Manufacturmg N S Fermentatlon stonhzatmn extractmn, filtration,

... _.__evaporationfiltration .
_GMP compliance production 1509001150 14001 o
. Other QA/QC systems Productlon accordmg to Japancsc Food Sanitation :
. .. .. . _ Law. nspection by Japan Public Health Institutc |
. Non-GMO ingredients Using only non-GMO ingredients under identity '
. ( __preserved (IP) conditions

Safety of Bacillus subtilis Bacillus subtilis is a bacterium which is used

extensively for many industrial products for human
uses with GRAS status { ;
hitpy/ivm.cfsan. fda. govi~rdb/opa-gras.htmi;
File:/K\Literature\2004\Schalimey et al 2004-1.pdf) and in ;
EU (J Oficiale de 1a Republic Francaise; Dec. 2, 2006, page |

. . L _ 169: Decrets, arrétes, circulaires) i
Safety, health and environment Concept followed (incl ISO 14001) 'QA/QC in line :
e . with HACCP procedures .
Known or potential impurities No ink, grease, or glass used durlng productmn

Double 10 micrometers filters used before and after
packaging eliminating the risk for metal or foreign

- ) bodies ) ;
Irradiation No 1rrad1atlon used durmg producnon '
Traceablmtl WXStem for product |dent|ty « In placc R e
Certificate of analysxs B - Batch speclﬁc o .
Materlal chgy Data Sheet (MSDS) o MSDS _attached 3 o
Last revision of QA/QC systems S January 2008

P.O.Box 397
1326 Lysaker, Norway
Telephone: + 47 22 55 36 30
Fax: +4722 5536 31
infui@nattopharma.com
) o o B ~ www.naliopharma.com
Name of company responsible for nutraceutical ‘NattoPharma ASA
regulatory affairs Lysaker Torg 5

 P.OBox 397 _ 000042
BEST ORI GINAL COPY
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Eurppean Union:
Regulatory status Fortified Food

European Union:
Regulatory status Novel Food

1326 Lysaker, Norway

_www.nattophdrma.com

Telephone: + 47 22 55 36 30
Fax: +47 22 5536 31
info@nattopharma.com :
!

Pending amended to ANNEX II in Commission- ?
Directive 2002/46/EC of the European Parliament and :
of the Council of 10 June 2002 relating to food

_ sypplements

Pending amendment to ANNEX II in Regulauon (EC)
No 1925/2006 of the European Parliament and of the
Council of 20 December 2006 on the addition of
vitamins and minerals and of certain other substances
1o foods

Pendmg Novel Food status accordmg to Regulatlon
(EC) No 258/97 of the European Parliament and of the
Council of 27 January 1997 concerning novel food

_and novel food ingredients,

ﬁu}'opeép ‘Union:
Regulatory status food for specific nutritional
purposes (PARNUTS)

EU legislation .
Regulatlon (EC) ‘No 1829/2003 of European
Parliament and of the Council of 22 September

2003 on genetically modified food and feed (GMO)

Council Directive 1999/EC and 1999/3/EC of 22
February 1999 on the approximatinn of the laws of
the Member States concernmg food and food

iingredients treated with ionizing radiation

Regulation (EC) No 1881/2006 of 19 December
2006 setting maximum levels for certain

_contaminants in foodstuff (Heavy metals; Toxins)

Council Directive 76/895/EEC of 23 November
1976 relating to the fixing of maximum levels for

* pesticides in and on fruit and vegetables — with

added directives CD 86/362/EEC of 24 July 1986;
CD 86/363/EEC of 24 July 1986; CD 90/642/EEC of

‘27 November 1990; CD 2007/27/EC of 15 May 2007

Council Directive 88/344/EEC of 13 June 1988 on

" the approximation of the laws of the Member

States on extraction solvents used in the production
of foodstuffs and food ingredients

North Amerlca

United States: Food/dletary supplement

. United States: Fortified food

Generally Recognized As Safe (GRAS) with FDA
Canada: Natural Health Products Directorate;
Bureau of Product Review and Assessment

Exclusive distributor North America

GRAS Associates, LLC

_foods for particular nutritional purposes

© MenaQ7 product complies

 MenaQ7 product complies

Freelysold

P Thomas Inc,

Pendmg amendment to Commission Directive
2001/15/EC of 15 February 2001 on substances that
may be added for specific nutritional purposes in

MenaQ("/' px;oduct complies '

Menanproduct comphes‘

Médaﬁ? \pi*oduct compliés

' Self -affirmed GRAS for dairy products January 2008 -

_FDA filing February 2008
" Product license obtained 2007.

119 Headquarters Plaza,

Morristown, NJ 07960 USA

Contact: eric@plthomas.com
Telephone: +1 973 984 0900 , ex 215

BEST ORIGINAL COPY
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Name ingredient

Composmon L Orlgm

GMO status

Menaquinone-7 2124-57-4 Not less than 1500 Produced by B Non GMO for B.
(Vegetable) ppm subtilis natto subtilis natto and for
(Japan & USA: bacterial substrates
soybean and corn)  soybeans and corn
. e N an o o s e R g P o e StarCh
Menaquinone-6 84-81-1 Not more than 100 Produced by B. Non GMO for
(Vegetable) ppm subtilis natto B.subtilis natto and for |
bacterial substrates
soybeans and comn
, L R i starch
Sunflower oil 8001-21-6 >97 % From sunflower ~ Non GMO sunflower
(Vegetable) plant seeds plants
(Helianthus
) } annuus- Japan)
Product certificate of  Separate document following each batch
aAmalySIS

Control of |mpur|t|es "Vitamin K2 content is certified usmgaccred;team HPLCﬂanz;Iytlcal method
and batch to batch
variations

Bacillus subtilis, Hormones, Nattokinase, Gluten, and is free from BSE/TSE

The product does not
‘contain

ethod of analysis
AOAC 952.13. Silver
Diethyldithiocarbamate method

Compound
Arsenic as As,O;

nalyical )
Contains < 0,5 ppm

Cadmium- Cd Contains < 0,5 ppm AOAC 952.13 Atomic Absorptlon
o method
Lead- Pb Contains < 0,5 ppm AOAC 973.35 Atomic Absorption
i . . ...  method
Total Mercury - Hg Contains < 0,1 ppm AOAC 971.21 Atomic Absorptxon
S _ method =~
Chromium- Cr Not determined APHA Dlphenylcarbaz1d colorimetric
N e denn e B P “ W e e e methOd N
Mycotoxins Contains less than 10 parts per AOAC 990.33 HPLC method
Aflatoxin B1+B2+G1+G2 billion (ppb)

Specific toxins: " Contains less than 0.75 pg  WHO-  Gas éhrorhatography - Mass

" Dioxins PCDD/F-TEQ/g ? Spectrometric methods (GS-MS method)
Pesticides All<001ppm Gas Chromatography - Mass
350 different pesticides analyzed Spectrometric methods {(GS-MS method)
annually. s o N

I Association of Official Analytlcal Chcmlstry (http Tiwww.aoac. org)
2 Limits for dioxins are measured in WHO-PCDD/F-TEQ, where PCDD means Poly Chlorinated Dibenzo-p-Dioxins, the common

name for the group of dioxins, and where F- TEQ means Fixed Toxic Equivalents decided by WHO.

No animal allergens are used in the production,
neither any of the following big allergens: Milk

(casein, lactose); eggs; nuts (peanuts, tree nuts); :
seafood; shellfish; wheat (gluten).

! MenaQ7 OIL M-1500
Allergen list below

;

' Soy protein Soy protein extracts and Corn starch are used as _

(GRAS Associates, LLC
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Nuts & nut oils
Almonds (Amyg
dalus communis)
Brazil nut
(Bertholletia
excels)
Cashew nut
(Anacadium

. ¢ccidentale)
Hazel nut
(Coryllus
Javellang)
Hazel nutoil
Peanut
Refined peanut
oil Fediol
Refined peanut
oil no Fediol
Pecan nut
(Carya Illinoi)
Pistachio nut
(Pistcia vera)

Queensland or

. Macadamia nut
Walnut (Juglans
rega)
Walnut oil
Milk components
Milk
Lactose
Casein or
Caseinate
Concentrated

: milk minerals
Flour & Grains
Barley
Gluten
Kamut
Oat
Rye
Spelt

. Wheat

Egg and egg
GRAS Associates, LLC

s AR

substrate for B. subtilis natto are removed during the
final extraction, purification and filtration processes.
Sum of soy and corn proteins are analyzed by
fluorescence spectrophotometric method and are less
than 5 ppm.

Afler extensive validation of the production method
for MenaQ7 Qil M-1500 soy protein content is
controlled by annual QC/QA testing

No l No B Yes
No T oNe Yes
No B No “ 7 ?és ‘
SR e e e T Ves
U Noo T Noo . Yes
No . .. N . Yes
No No Yes
No T U Ne T Yes
No ( No S Yes
No 7 No o Yes
No S No o Yes
No e No_ Yes, -
No No Yes
‘No T TN Yésv
No No . Yes
oNe o No o Yes
No i No ) Yes
No No Yes
No T No ‘ Yes
T Ne L Yes
. No . Yes
. No. . Yes
JNoo o Yeso
No ) Yes
No Yes
No . Yes
LYes o Yes

No . Yes
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H

000045



- L <o momadn

GRAS Assessment -- NattoPharma ASA
Menagquinone-7 / MenaQ7

Page 44

_ compoments U

.. Egg ( o .No o Ne . Noo oL Yes
Egeg lyzozyme R No ... No . JNo . Yes
Fish and

_shellfish i ) N - )
Crustacea No No No Yes
Fish . No i No No Yes
Fish gelatin No No L. N Yes
Fish oil No No No . Yes
Molluse No o o No o No 0 Y
Vegetables and
spices ‘ \ e e
Celery : No S Noooo o0 N Yes
Mustard , . No oo Ne Ne . Yes
White lupin No No No Yes
Other substances ) i o ) B L
Sulfites and No No No Yes
anhydrous

_sulfurous L
Tree and grass Not applicable

Chemical ) ( _...Presence in final product )

Ethanol " Used in early step in productxon proccss but later
removed completely by prolonged distillation at i
170°C !

Analytical method : Pmduct \ Typical test results
specifications:
Colony forming
units/sampling
. . e e . weight ce e s
Total aerobic count Method of AOAC '"No Not more than 300/g " Less than 300/g
s 0 PR 966 23 - wentere et N . N e A I I
Mould Method of AOAC No Not more than30/g Less than 30/g
( 1997.07 N )
Yeast Method of AOAC No Not more than30/g Less than 30/g
997.07 S
E. coli Method of AOAC No Less than 10/2,2g Absent/2,2 grams
991.14 R
. Salmonella sp Method of AOAC No Absencein 10g Absent/ 10 grams
967.25
- Staphylococcus Method of Japan Food Absence in 0,01 g Absent/0,01 grams
aureus . Hygiene Assoclation et e e e e
Other bacteria, Not applicable
including Bacillus
subtilis

L . Association of Ofﬁctal Analytlcal Chemlstry (http //www aoac org)

. Product name : Packaging size and labelling
MenaQ7 OILM 1500 o 1keOil &5keOilincans o
« Packaging n materlal . NlEpoxy res' ated cans
Packaging waste material handlmg Please see national/local regulatlons for packagmg
~ waste material handling L

Tr;anspdrt cé\nditions
GRAS Associates, LLC

Transport as tempered gpods o - - 00C 046
BEST ORIGINAL COPY
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- including specified amounts of:

 Potassium _ (K)_
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Svtoragé'c)(‘)n&litAions

’N Explratlon date

Batch/Lot numberlhg syétem
Nutrntmxgg]/Supplement facts
Required finished product label statement

nal’

Natural Yitamin K,
Recommended wamings on labels

Other'(u‘sage, cautionary, safety or other Warning
statements)

* Material Safety Data Sheet (MSDS)

NA: Not applicable, nd: Not detected

Total amount of calories pr100g

Calories from fat pr 100g
Total amount of protein
Total fat -
including specified amounts of:
Saturated
Poly unsatured
Mono unsatared
Trans Fatty Acids
Milk fat
Cholesterol .
Total Carbohydrates -
Dietary fibre
Soluble fibre
Insoluble fibre
Sugars
Lactose
Saccharose
Glucose :
Glucose syrup
Polyols o
Sugar alcohol

Mmerals

“Sodium _ (Na)
Calcium _ (Ca)
Phosphorous (Ph)
Magpesium (Mg)

GRAS Associates, LLC

MSDS attached

Recomméﬁdé& Qférage féiﬁperatix}é?s 10°- 15° Celsius
and protected from UV light, lamp and direct sunlight.

The product is very light sensitive and exposure may
(deteriorate K2 activity considerably
onths from date of productlon

] "Year/Montthay- senal number batch that date
Nutritional profile mserted below

The conditions for use of MenaQ? logo is outlined in
customers contract with NattoPharma ASA

Patients on anti-cohéﬁlani the;éby must consult their

physician o

Vitamin K is safe for human consumptnon, and
presently no internationally upper tolerable level is
established.

Information on MenaQ7 bioavailability; MenaQ7
recommended dosage; MenaQ7 and safety;, MenaQ7
and effects on the coagulation system is available as
NattoPharma ASA partner

Unit . Detection limit
900 kcal{lOO g
900 keal/100g

0%

100%/100g

pra— e o [ b e p—

8,0%
5%
826%
0%
ond . 10mg/100g
NA
nd . 1lmg100g
0%

s s St e 50

nd . 0Sgl00g

“nd . 1mg100g

o nd . 1mg/00g
T nd . _lmgnoog
nd o 1mg/100g
7 nd 0,1mg/100g

* BEST ORIGINAL COPY
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— CIron  (Fe). . md__ . 0img100g »
Vitamins S . g100g :
Vitamin A nd
VltammC o
Vitamin E ] 38mg/100g
VltammD S nd
Other components o o
Alcohol (Ethanol) o o 0%
Caffeine : e S
.Theobromine . U SO
Phenolics R o ‘
Moisture ‘ , o % ) o
Ashes ‘ 0% ;
Hormeones ) ) 0%
2
_Appearance 3
; Water solubility e ANOLSOMDIE e e e e s o .
_ Stability higher temperatures Sustains 100°C for up to 24 . 1
 Light exposure - ... Must be protected from UV and lamplight y
pH L ‘ .. Not applicable . ) ‘
Partlcle size Not applicable
, _Suitable for human foods Yes
hed Suitable for vegetarians \ Product does not contam any rnaterxal of ; ammal ongm :
_Suitable for lacto-ovo-vegetarians Product does not contain any n mater1a1 of ammal origin
_ Suitable for celiac patients . E{Odl}gtﬂ(ﬁim;s not contain any glut;;n
i Certlﬁed as organic i No o
‘ Certlfled as kosher food CXes
Certified ashalalfood ~  No o
Animal testing ... Productis not tested in animals

NattePharmao®

Copyright NattoPharma ASA
January 2008

. BEST ORIGINAL COPY
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PRODUCT: MenaQ7 POWDER P 1000
PRODUCT INFORMATION DATASHEET

NattePharmad”

FOOD SUPPLEMENT/DIETARY & FORTIFIED FOOD VITAMIN INGREDIENT
SECTION 1-+

PRODUCT IDENTITY AND FORM

Product name ” “MenaQ7 POWDER P 10()0
Chemical name Menaqumone-?

Common name Vitamin n K2

Vitamin concentration 1000 ppm

Product form

Powder formulation; K2 from, stoek Sunﬂewer il
dispensed in dexirin’ powder formulation

Scope of product mformatlon o

General product information

Natural Vitamin K2 extracted. froa} Bacillus subtilis
fermented soybeans (hatto)

Product evaluation documents

SECTION 2-
MANUFACTURING AND QUAL]T\ ASSURA
Nanie and address of manufacturing site 3

/QLALIT\ CONTROL IF’VFORMATION o

Manufacturing

, g;xtractlon, ﬁl,trat;;),n,;

GMP compliance production

Other QA/QC systems

/Prouctmn 1

d ;ng 29 }apanese Femd Samtaixon -
Law. Inspectioniby Japan Public Health Institute .

Non:GMO ingredients

. Usmg (

non-GMO ingredients under identity

preserved (IP) conditions

Safety of Bacillus subtilis

Bacillus sitbtilis is a bactérium which i 1s used.
extensively for n many industrial products for human
uses with GRAS staxus 7.

Yl 4

EU {J Oﬁmale déla Republm ancaxse ﬁeﬁ 2 2006, page ..

‘169: Deéréts, ts, arrétes, circulairesy

' Safety, health and environment

Concépt- followed {incl ISO 14001), QAJQC in line
thh HACCP procedures .

Known or potential impurities

.....

Double 10 mmmmeters filters used before and. aﬁer
packaging elimmatmg the risk fof nietal or forexgn
bodies ‘

Irradiation No ifradiation used éurm& productmn

Traceability system for product identity In.place .

Certificate of analvsis 2Bat(slirﬁjé:“c:.lf' ¢ > : -

Material Safety Data Sheet \lSDS MSDS is worked outand follows thls produc:t L
) mformatwn sheet '

Last revision of QA/QC systems

> Ianuary 267)%

‘Name of product devel er :
‘IPR holder o

SECTION 3~
PRODUCT DEVELOPMENT & REGU
‘marketing, and

GRAS Associates, LLC

BEST ORIGINAL COPY
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Name of company responsible for nutraceutical
regulatory affairs

NattoPharmaASA ) e

P.0.Box . 397

1326 Lysaker, Norway

“Telephone: + 47 22 55 36 30

Fax: +4722 5536 31
i g;b(&}ggggghgma com
att hy

European Union:
Regulatory status EU Food supplement

Pendmg amended to ANNEX Il in Commission
Directive 2002/46/EC of the European Parliament and
of the Council of 10 June 2002 relatmg to- food
supplements

European Union:
Regulatory status Fortified Food

Penditig amendmént. to ANNEX II in chulatmn EO
No 1925/2006 of the Buropean Parliament and of the
Counml ¢f 20 December 2006 on the addition of
v;tamms and minerals and of cer!;am other substancas
10 foods -

European Union:
Regulatory status Novel Foad

" Pending Novel Food status according to Regulation

(EC) No 258/97 of the Eumpean Parliament and of the
Coungil of 27 Jannary 1997 concemmg rioyel food
and novel food lggr&dlenfs. g

European Union:
Resulatory status food for specific nutritional
purposes (PARNUTS)

Pendmg amendment o' Com wsnﬁn Dxrectwc
2001/15/EC of 15 Fébruaty 2001 on substanccs that,

‘may be added for" spémﬁc; tutritional purposes in - g

EU legislation -

'fomds for partlcular 1 'tatxbna? pumose:s .

Regulation (EC) No 1829/2003 of European
Parliament and of the Council of 22 September

2003 on genetlcally modified food and feed jC\l ) \

’ ManaQ? praduct comphes

Council Directive 1999/EC and 1999/3/EC of 22
February 1999 on tbe approximation ‘of the laws of
the Member Statés'concerning food and food
ingredients treated with ionizing radiation

: Méqaggz ﬁ"ﬁ‘dzict oomphes’;’

»ﬁgmgmg ables with
added directives Cl) 86/362/EEC of 24 July 1986,_

‘CD 86/363/EEC of 24:July 1986; CD 90/642/E
27 Noveiiiber 1990; CD 2007/27/EC of 15 May 2007

Regulation (EC) No 1881/2006 of 19 December
2006 setting maximum levels for certain

contammants m foodstuffglicavx metals. Toxins)

MenaQ7 grod¢é§ mmp}iés

Council Directive 88/344/EEC of 13 June 1988 on
the approximation of the laws of the Member

States on extraction solvents used in the production ~ -

of foodstuffs and food ingredients

roduct complies.. © <

North America

United States: Food/dietary supplement:

i:i;‘i«éely gold

United States: Fortified food (
Generally Recognizéd As Safe (GRAS) with FDA

ots Jariuary 2008

Canada: Natural Health Products Directorate;
Bureau of Product Review and Assessment

Exclusive distributor North America

P L Thomas Ing, "+ -
119 Headquarte:rs P}aza, g
Morristown, NJ'07960° UsA

" www,plthomds;eom

Contact: gric@pithom,
Telephone: +1 973 984 0900 ex 215

GRAS Associates, LLC

BEST ORIGINAL COPY
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'SECTION 4 -

Name ingredlent CAS # Composxtzon gm/Functlon GMO status
{Origin) )
Menaquinone-7 2124-57-4 Not less than 1000 Produced by 5. Non GMO for B.
(Vegetable) ppm subtilis natto subtilis natto and for

(Japan& USA: bacterial substrates

Soybeans and corn) soybeans and corn

- starch
Menaquinone-6 *84-81-1 Not more than 50 Producedby B ' *  Non GMO for
(Vegetable) - ppm o sublilisnatto .. B.subtilis natto and
for bacterial
 substrates soybeans
. and-corn starch
Dextrin NA Ca 60- 65 % Delivery vehicle for Derived from Non
i (Vegetable) K2.(Japan) GMO starch
Sunflower oil 8001-21-6 Ca20-25% . Delivery vehicle for ~ Non GMO sunflower
v egetable) “K2, plants
. From sunflower plant -

seeds (Hehanthus

annuus- from Japan)
Sodium casein NA Ca 10% Powderization GMO status not
(Animal) material. relevant for casein

From milk from proteins

Danish cows. Free

from BSE

(Denmark)
Starch sodium NA Ca2% Powd@nzanon Derived from Non
octenylsuccinate material 'GMO starch .
(Vegetable) - ) e (USA) -
Glycerol Fatty Acid NA Cal% Emulsifier GMO status not
Ester (Japan) relevant
(Vegetable)
L-Ascorbyl Palmitate  NA Ca0,5%: - . Antioxidant , - GMO status not
(Vegetable} e (Denmark) ~ relevant
Aqueous extract of NA Ca0,1% Stability improver GMO status not
rosemary (Japan) relevant

_(Vegetable)

Product certificate of  Separate document following each batch
analysis

Control of impurities
and batch to batch
variations MenaQ7
content

Vitamin K2 content is certified using accredited HPLC analytical method

The product does not
contain

Bacillus subtilis, Hormones, Nattokinase, Gluten; Sulfites, and is free from BSE/TSE

NA: Not Applicable
SECTION 5-

PRODUCT INFORMATION HEAVY

METALS, TOXINS AND

PESIC[DES
Compound

“~Anglytical results

‘Method of analysis' -

006051

Arsenic as As,O;

Contains < 0,5 ppm

AOAC 952.13. Silver
Diethyldithiocarbamate method

Cadmium- Cd "AGACY52.13 Avorilc Absorption
e L ‘methﬂd S
Lead- Pb Contains < 0,5 ppm AQAC 973.35 Atomic Absorption

GRAS Associates, LLC

BEST ORIGINAL COPY
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method

Total Mercury - Hg:

. Contains < 0;1.ppm, 2 &

AOAL 971.21:Atomic Absorptlon

annually

350 different pesticides analyzed

method
Chromium- Cr Not determined APHA Diphenylcarbazid colorimetric
method
Myecotoxins Contains less than 10 parts per . AOAC 990.33 HPLC methiod
Aflatoxin B1+B2+G1+G2 billion (ppb)
‘ Specific toxins: Contains less than 0.75 pg WHO-  Gas Chromatography - Mass
! Dioxins PCDD/F-TEQ/g? Spectrometric methods (GS-MS method) |
Pesticides All< 0,01 ppm Gas Chromatography - Mass

Spectrometric methods (GS-MS method)

1: AOAC: Association of Official Analytical Chemistry (hitp./www aoac org)
2 Limits for dioxins are measured m WHO-PCDD/F-TEQ, where PCDD means Poly Chlorinated Dibenzo-p-Dioxins, the common
name for the group of dioxins, and where F- TEQ means Fixed Toxic Equivalents decided by WHO

SECTION 6 —

JCT NFORMAT[ON ’&LLERG

Relevant
Allergen list helow

rgenslintulerance components

S AND COMPON

. supplemcn‘ted with 45 ue Mena@’? ”POWDER P1000
: (rccommended dally dosc)

Milk : Allergens due to casein content

‘Cad,s mﬂhgrams Df easemfdose
845

Soy proteins

Soy protein ¢ that s used as sﬁbstrate for 8.
subtilis natto 1§ removed luring the final extractmn,
purification and filtration processes; Proteins are -
analyzed by ﬂuorescenne spectrophotometric method

. ‘and are less thari § ppm; - This is equivalent to

<225nanogram per dose MenaQ7

 After extensxve valldation of the producnon méthod

for MenaQ7. Powder P-1000 soy protein content is
controlled by annual QC/QA teSting

Corn

Starch sodium. bc’t’eny ucmﬁate 1s derwed from dorn,

per dose MenaQ”z’ valués ai*e calculated based upah

raw material information  *

Lactose

<9 pgof lactose'per- dgie MenaQ’i

Raw material/allergen

" Nuts & nut oils

Presencein

MenaQ7

Presence on

production line ctory - reduce contamination

product

Measures implemented to

006052

Almonds No No No Yes
(Amyg dalus communis)

“Brazil aut No No. "No ¢ 5. L Yes
‘(Bertholletla excels) ) ) Sl s
Cashew nut No No No Yes
(Anacadtum occidentale)

Hazel st - ) - No - No No *" = Yes
(Cor;vllus avellana) :
Hazel nut oil No No No Yes
Peanut - No' o No. No . 3, o Yes
Refined peanut oil Fediol No No No Yes

GRAS Associates, LLC

BEST ORIGINAL COPY
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K Refined péanut oil no Fediol ~ No- FaNe . v Ne . o Yes.
R Pecan nut No No No Yes
(Carya lllinoi) -
Pistachio nut No No ' No : Yes
(Pisteia vera) )
Sesam No No No Yes
Sesain il No . No No : Yes
Queensland or Macadamia No No No Yes
nut
Walnut No . Ne No L Yes-
| (Juglans regal) ' ' . o e
Walnut oil No No No Yes
Milk components No No - Na - Yes
Milk Yes Yes Yes Yes
Lactose Yes Yes : Yes Yes
Casein Yes Yes Yes Yes
| Caseinate Yes Yes Yes Yes
Concentrated milk minerals No No No Yes
Flour & Grains No No No Yes
Barley No No No Yes
Carn- s¢e comments (Yes) Yes Yes Yes
Gluten No No No Yes .
Kanut No No No " Yes
Qat No No No Yes
Rye : No . No No " Yes
Spelt No No No Yes
Wheat No No No “Yes
Whey No No No Yes
Saya products No ! No © Ng - .Yes '
Soya- see comments (Yes) Yes Yes Yes
. Soya lechtin No ) No ) No . Yes
i Egg and egg components No No No Yes e "
Bgg _No No No Yes o
Egg lyzozyme No No No Yes
Fish and shellfish
Crustacea No No No Yes
Fish No No No =~ =~ Yes
Fish gelatin No No No Yes
Fish.oil - No - Ne > No "~ Yes
Mollusc No No No Yes
Vegetali%ﬁhdspices ) N6 “No & .« "~ %L No - - Yes
Celery No No No Yes
Mustard - No . Ne ~ - " Ng " Yes
White lupin No No No Yes
T No “_ Ne - No T Yes
QOther substances No No No Yes
Sulfites and anhydrons No No No Yes
sulfurous .
Tree and grass pollen _Not applicable » 3
SECTION 7 - . .
PRODU T INFORMATION ORG ANIC JLVENT .
Ethanol g (000053
SECTION 8 -
PRODU ) lNPORMAIlQI\ MOULD, YEAST ‘BA(TERIA L
Y Species - < B AnalytléaI ‘method "< Product spcmﬁcatlchS' "¢ Typiealtest results
& Colony forming ¢ A ;
» ) units/samplingﬂgiﬁht " e %
Total aerobic count Methodof AOACNo .. Not more than 3000/g Less than 3000/g

GRAS Associates, LLC BEST ORIGINAL COPY
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\ 966.23 . » \
Mould " Method of AOAC: Nc:: »Notm ) than300/g
: °.997.07 S ) Ay

Yeast Method of AOAC No” Not more than300/g Less than 300/g
997.07 ’ -y

E. coli Method of AOAC No Less than 10/2,2g Absent/2,2 grams
991.14 ‘

Salmonella sp Method of AOAC No Absent in 10 grams Absent in 10 grams
967.25

Staphylococcus Method of Japan Food Absentin 0,01 g Abgentin 0,01 g

aureus Association )

Enterobacter spp Method of AGAC 2003,01  Less than 10/g Less than 10/g

Other’bacteria, Not applicable ’ .

including Bacillus ‘

subtilis

‘SECTION 9 —

| PRODUCT STORAGE: sunr-ua:h PACKAGING & L ABELLING |

‘Productname .~ Packaging size and labelling o
MenaQ7 "POWDER P 1000 1 kg or 5 kg in bags. Packed in clean rooms

Packaging material and waste material handling -
o . *_regulatioiis for packaging wasté material handling

Sealed Al jaminated bags. Please s¢e national/local -

Transport conditions

Storage conditions

' déteriorate ) KZ activify considerably

Transported as tempered goods

miménded storage femperature-is 10° 15" Celsius |

ected from UV light, lamp and dlreet sunhght
igh itive -and exposure ihay

Expiration date

Shelf life 36 months from date of production

Batch/Lot numbering system

Year/Month/Day- serial number batch that date

Nutritional/Supplement facts

Nutritional profile iriserted below

Required finished product label statement

atur Itam

The conditions for use of MenaQ7 logo is outlined in
customers contract with NattoPharma ASA

Recommended warnings on labels -

» . Patients on antz~coagulant thcrapy must cansult the;r

" physician

Other (usage, cautionary, safety or other warning
statements)

Vitamin K is safe for human consumption, and
presently no internationally upper tolerable level is
established.

Information on MenaQ7 bioavailability; MenaQ7
recommended dosage; MenaQ7 and safety;, MenaQ7
and effects on the coagulation system is available as
NattoPharma ASA partner

‘Material Safety Dati Sheét (MSDS)-

i MSDS attached...

SECTION 10 -~
NUTRITIONAL PROF!LL ‘
Unit Relevant detection limit

Total amount of calories pr 100g 498 kcal/100 g - e o
Calories from fat pr 100g 213 kcal/100 g
Total amount of protein - 8.8 %
Total fat— . 23,7%/100g -
inclnding speclﬁﬁd amounts of: T

Saturated 1,9 %

Poly unsatured “1,2%

GRAS Associates, LLC

006054
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| "Mono unsatured 19,6%
B TrénsFiiﬁy%’Acids L SRR e T 1% . A
Phospholipids 18 mg/100g 10mg/100g
Milk fat NA- o
Cholesterol 3 mg/100g 1 mg/100g
Total Carboliydrates - 62,3% ]
Dietary fibre nd 0,5 g/100g ]
Soluble fibre NA
Insoluble fibre NA
Sugars T NA-
Lactose NA
Saccharose s NA
Glucose NA ]
Glucose syrip NA
Polyols NA
Sugar alcohol NA .
Other carbohydrates NA
Minerals
Potassium (K) 4,3 mg/100g 1mg/100g
Sodium (Na) 133 mg/100g 1mg/100g
Calcium (Ca) . 7,6 mg/100 g 1mg/100g
‘Phosphorous (Ph) 73mg/100 g 1mg/100g
 Magnesium (Mg) 1,2 mg/100 g 0,1mg/100g
Iron - (Fe) e Hd . 0,lmg/100g
Vitamins g/lOOg
Vitamini A fd
Vitamin C nd
Vitamin E 93mg/100g . 0,1mg/100g -
Vitamin D nd
Other. cottiponents
Alcohol (Ethanol) 0%
Caffeine 0%
Theobromine 0% -
Phenolics 0% : L \
Moisture 4, 8% 105°C in 4 hours
Ashes - % ©_05%
Hormones 0%

SECTION 11-

PHYSICAL
Appearanc

HEMICAL CHARACTERIZATION g |
' ‘ _White or light yellowish powder; odorless”

Powder densnty

Bulk: . 0,30-0,35 w/v .
Tapped: 0,40-0,45 w/v

Particle size Average 133 um, SD 110 pm, all particles pass
16mesh (991m)

Effect of drying Not more than 8% upon drymg at 105°C for 4 hours

Watér solubility Not soluble )

pH

Stability higher temperatures

Light exposure

SECTION 12-

SUITABILITY FOR HUMAN“l SES

Suitable for human foods. =~ -~ - . Yes : C
Suitable for vegetarians Product contams casein — prdtemé from bovine milk (
GRAS Associates, LL.C
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N Damsh Holstem), but na other matenal of‘animal
] origin’ . o

Suitable for lacto-ovo-vegetarians Product contams caseln mprotelris fr()m boving milk
{Danish Holstein), but no other material of ammal
origin

Suitable for celiac patients o Product does not corrtain any gluten

Certified-as organic No

Certified as kosher food R Yes

Certified as halal food No .

Animal testing Product is not tested in ammals

NattePnharmao®

Copyright NattoPharma ASA
January 2008

S’
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Y ..
9 January, 2008
Analytical Data
Detection Specification
Product M-1500  M-1500 P-1000 P-1000 limit Method of the product
Batch (Lot) 080609-1 070809-1 070117-3 070206-2
AOAC* 952.13
. Silver Diethyldi-  not more than
Arsenic {Asp03) nd nd nd nd 0.2ppm thiocarbamate 0.5ppm
method
ACAC* 974 .27
Cadmium (Cd) nd nd nd nd 0 01ppm Atomic Absorption 30; mor:‘e than
method PP
AOACT not more than
Lead (Pb) nd nd nd nd 0.05ppm 973.35(Atomic 05 pom
absorption method) pp
AOAC" 971.21 nof more than
Total Mercury (Hg) nd nd nd nd 0.01ppm {Atomic Absorption 01
method) -ppm
Y i : i
*AQAC: Official methods of analysis of AOAC international
nd: not detected
T
Qualify Qoﬁ}i‘qf Dfi?sion
Shizu%;l{a’ﬂte . “‘ewﬁ:
J-OIEN
¢ 1
2 b
o
Asaba Factory, J-OIL MILLS, INC.
. 1746 Nakashinden, Fukuroi-city 4
S “

Shizuoka 437-1111 Japan .
J-OILMILLS

GRAS Associates, LLC
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Mena(_)7

Natural Vitamin K2

P et R NETPV RN

RS oy P P FRR A SR it

20D O B NS S nor i B 3

Angredient
Sunflower oil

To WHOM IT MAY CONCERN

GMO notification

We refer to your request for GMO information on the critical raw materals used in the production
as well as in the final formulation of the products that we currently supply to you.
We hereby confirm the following

Product Name: MenaQ7 OIL M 1500

MO Information of critical raw matetials
Sunflower oil is manufactured from sunfiower.
Sunflower A genetically modified sunflower is not being grown

and not available in the crops market. Therefore, the sunflower
oil does not originate from genetically modified products.

“Vitamin K2 (Menaqunone-7)
(extracted from Bacillus subtilis
natto)”

Soybean protein concentrate and corn starch are used for
fermentation of Bacillus subtilis natto.

Soybean protein concentrate: Soybean protein concentrate
is derived from non-genetically modified soybean which is
handled under identity preserved conditions (IP).

Corn starch: Corn starch is derived from non-genetically
modified corn which is handled under identity preserved
conditions (IP).

The final product does not contain any detectable amount of DNAs from GMOs.

Emp T
Satoshi Kiyama {1, ;4 /' i’ ;
Quality Control Manager

DRI ——

p

g

GRAS Associates, LLC

e

En——

J-OIL MILLS

Quality Control Division Shizuoka Site
J-OIL MILLS INC.

2 Shinminato , Shimizu-ku
Shizuoka-city 424-0823 Japan

BEST ORIGINAL COPY
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F

Mena( )7

Natural Vitamin K2

o |

To WHOM [T MAY CONCERN
GMO notification

We refer to your request for GMG information on the cntical raw matenals used in the production
as well as in the final formudation of the products that we currently supply to you

We heraby confirm the following

Product Name MenaQ7 POWDER P 1000

Dextrin 18 manufaciured from corm starch, sweat poleto starch and potate starch

Carn starch Com starch i1s denved from nan-genetically modified carn which 15 handled under wentity
preserved condions (P)

Sweal patalo starch A genetically modified sweat potale is not being grown and nol available in the crops
market Therefore, the sweat potato does nol onpinate from genetically modified producls

Paotalo starch Polato starch 1s denved from non-genetically modified corn which 1= handled under identity
preserved conditions ([P}

Sunflgwer ol

Sunfiower il 18 manufactured fram sunflawer

Sunflower A genelically modiied sunflower s not being grown and aot available ini the crops market
Therefore, the sunfiowey oil doss not angmate from genelically modified products

Starch sodium
ocienylsucainate

Starch sodwm oclenylsuceinate 1s manufactured from com slarch

Corn starch Corn starch is derived from non-genetically modified com which is handled under identity
preserved condilions (IP)

Giycerol falty acid
ester

Glycerol fatty acid esfer 18 manufactured from palm and coconufs

A genetically modified paim and coconuts are not belng grown and not available in the ¢rops market
Therafore, the glyceral ester falty acid does not onginate from genefically modified products

“Vitamin K2
{Menagunone-7)
(extracled from Baci-
lus subtils natic)”

Soyhaan protein concentrate and corn starch are used for fermentation of Bacillus subtilis natto

Soybean prolefn concentrate  Soybean profein concantrate is derived from non-genetically modified
soybean which is handled under Wdentity preserved condibwong (IP)

Corn starch Com starch 1s denved from non-genetically modified com which is handled under idenlity
preserved conditions {IP)

L-ascarbyl palmitate

L-ascarbyl paimilate Is manufactured from paim and tapiota

Agenebcally modified palm and tapioca are not being drown and nol avaflable in the crops market There-
fore, the L-ascortyl palmiate does nol originate from geneﬁcallymodnﬂed products

Rosemary extract

Rosemary extract s manufactured from rosemary

A genetically modified rosemary i not being grown and not available i the crops market Therefore, the
resemary extract does not onginate from genetcally modified products

The final product does not contain any detectable amount of DNAs from GMOs,

Satoshi Kiyama
Quality Control Manage!

/

e e

v/

J-OIL MILLS

Quality Control Division Shizuoka Site
J-OIL MILLS INC

2 Shinminato , Shimuzu-ku
Shizucka-city 424-0823 Japan

GRAS Associates, LLC

BEST ORIGINAL COPY
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Appendix B
Qualifications of Expert Panel Members
Richard C. Kraska, Ph.D., DABT

Robert S. McQuate, Ph.D.

Stanley T. Omaye, Ph.D.
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Richard C. Kraska
Chief Operating Officer and Co Founder
GRAS Associates, LLC
12068 Via Cercina Dr
Bonita Springs, FL 34135

Curriculum Vitae

EDUCATION B S, Chemstry, Providence College
Ph D, Pharmacology, University of Minnescta

PROFESSIONAL Diplomate, Amencan Board of Toxicology
CERTIFICATION

EXPERIENCE 29 year In toxicology and regulatory affairs for industry and government in broad aspects of the
chemical industry including food additives, foods, food contact materials, cosmetics, lubricants
and fuels, coatings, defoamers, anti-microbial pesticides and pharmaceuticals

GRAS ASSOCIATES, LLC
Bonita Springs, FL (2006 to Present)
Chief Operating Officer and Co Founder
o Serve as Lead Scientist and Panel Chair for GRAS determinations
s Coordinate drafting and report review by chemists, toxicologtsts and scientists of other disciplines as needed
» Ingredients reviewed include natural antioxidants, novel sources of dietary fiber, fats and olls and extracts from
exotic fruit

KRASKA CONSULTANTS, INC
Bonita Springs, FL (2004 to Present)
Vice President and Principal
o Toxcology and Regulatory Consultant for a variety of lubnicant, chemical, food processing companies and trade
associatons
e Offer services in Toxicology and Product Safety including FDCA, TSCA and FIFRA regulations and filings,
Intemnational Hazard Communication Support, Product Stewardship, Expert Witness and Litigation Support
e Founder and Technical Consultant for the Defoamer Industry Trade Associatron
» Toxicology Consultant for the Independent Lubricant Manufacturers Association

THE LUBRIZOL CORPORATION
Wickliffe, OH {1987 to 2004)
MANAGER OF SPECIAL TOXICOLOGY AND REGULATORY PROJECTS {2001 to 2004)
= Toxicology and reguiatory consultant fer organic growth intiatives and new acqursitons
e Coordinating $2 8 million mhalation foxicolegy program on engines emissions with a novel diesel fuel formulation
for registration with EPA under the Clean Arr Act
e Coordinating world wide implementation of caompliance with revised European hazard communicafion regulations
e Consultant to Lubnzel defoamer, coating, process chemical, metalworking and lubricant businesses on
regulations and toxicology
» Team member studying and planning implementaton of sustainable development at Lubrizol

MANAGER OF TOXICOLOGY AND RiSK ASSESSMENT (1987 - 2001)

¢ Provided leadership and management for corporate toxicologists and product safety specialists

o Direct responsibiity for toxicology testing and evaluation of all Company specialty chemicals and products

e Manage $1 million annual toxicology and environmentai testing budget for regulatory approvals and product
stewardship

o Lead consultant for business units on novel regulatory approvals, product stewardshep and nisk evaluatien

e Developed and institutionalized product nsk assessment process for all Lubnzol businesses

» Provide leadership role representing Company on trade association task groups invotved in legslative and
regulatory advocacy

e Co-team leader for development and implementation of award -winning expert system for writing MSDSs from a
product safety database

GRAS Associates, LLC OO OO[D l
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BP AMERICA INC (formerly THE STANDARD OIL CO)
Cleveland, OH (1985-1987)
MANAGER OF PRODUCT SAFETY AND REGULATORY COMPLIANCE

Assumed responsibility for assuring all Company products complied with federal regulations (TSCA, FIFRA,
FDCA, USDA).

Coordinated and expedited all regulatory submissions for premarket approval, reporting rules and rulemaking
comment.

Conscientiously developed Company Product Safety Policies and Manual.

Critically evaluated Corporate Hazard Communication Program in a decentralizing company.

Successfully initiated labeling program to comply with OSHA Hazard Communication Standard.

AMERICAN CYANAMID COMPANY, CHEMICALS GROUP
Wayne, NJ (1983-1985)
MANAGER OF TOXICOLOGY PROGRAMS

Wide range of responsibility for recommending, contracting, monitoring and evaluating mammalian, genetic and
aquatic toxicology studies for chemical products.

Responsible for $250,000 total contract value for testing, quality assurance and consultants.

Effectively guided regulatory staff in strategy and data requirements for premarket approvals.

Successfully orchestrated targeted research programs for mechanistic studies on key chemicals for aquatic and
mammalian toxicity.

Actively represented Company in a wide spectrum of trade association activities.

FOOD AND DRUG ADMINISTRATION
Washington, DC (1977-1983)

GRAS Review Branch

Division of Food and Color Additives
SUPERVISORY CONSUMER SAFETY OFFICER
(1981-1983)

Successfully managed group of 3-4 professionals in regulatory program to implement expert panel reviews of
GRAS list food ingredients.

Projects of responsibility included salt, caffeine, BHA, BHT, cellulose, enzymes, rapeseed oil, vitamins, iron,
manganese and zinc salts.

Co-directed agency expertise on toxicology, chemistry, law and policy to propose regulatory action on food uses
of DSS. Negotiated consistency with Bureau of Drugs proposal on OTC and Rx uses.

Advised Branch Chief in matters of policy, consistency and personnel.

Interacted with industry regarding regulatory opinions and new product approvals.

Petitions Control Branch
Division of Food and Color Additives
CONSUMER SAFETY OFFICER (1977-1981)

Coordinated scientific review and regulatory response to review food additive petitions submitted by industry for
direct additives and food packaging materials.

Scientific and historical expert for General Counsel, U. S. Attorney and Department of Justice for legal
proceedings on cyclamate.

o Expert on food/drug interface of vitamins and dietary supplements.

e Analyzed quality of critical studies on aspartame and served on GLP review committee

¢ Served as Bureau representative in Interagency Regulatory Liaison Group on phthalate plasticizers.

¢ Assistant to Bureau Director on advocacy activities on behalf of U.S. industry for WHO programs
PUBLICATIONS

Reed, MD, Blair LF, Burling K, Daly I, Gigliotti AP, Gudi R, Mercieca MD. McDonald JD, O'callaghan JP, Seilkop, SK,
Ronsko NL, Wagner VO, Kraska RC Health effects of subchronic exposure to diesel-water-methanol emulsion

emissions Toxicology & Industrial Health Vol 22 In Press
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Reed, MD, Blair LF, Burling K, Daly |, Gigliotti AP, Gudi R, Mercieca MD. McDonald JD, Naas DJ, O'callaghan JP,
Seilkop, SK, Ronsko NL, Wagner VO, Kraska RC Health effects of subchronic exposure to diesel-water emulsion
emissions. Inhal Toxicol 17: 851-70 (2005)

Kraska, RC , Industrial Chemicals. Regulation of new and existing chemicals. In: Gad S.C. editor. Regulfatory
Toxicology. Taylor and Francis Ltd. London 2001.

Kraska, RC . and Hooper DH, Industrial Chemicals. Hazard Communication, exposure limits, labeling and other
workplace and transportation requirements under OSHA, DOT, and similar authorities around the world. In: Gad S.C.
editor. Regulatory Toxicology. Taylor and Francis Ltd. London 2001.

Strother, DE, Mast RW, Kraska RC, Frankos V Acrylonifrile as a carcinogen. Research needs for better risk
assessment. Ann NY Acad Sci 534:169-78 (1988)

Petersen DW, Kleinow KM, Kraska RC, Lech JJ Uptake, disposition and elimination of acrylamide in rainbow trout
Toxicol Appl Pharmacol 80: 58-65 (1985)

Mast RW, Jeffcoat AR, Sadler BM, Kraska RC and Friedman MA Metabolism, disposition and excretion of [C14]
melamine in male Fischer 344 rats. Food Chem Toxicol 21: 807-810 (1983)

SPEAKER

TRAINING COURSES

TRADE
ASSOCIATION
ACTIVITIES

PROFESSIONAL
SOCIETY
MEMBERSHIPS

GRAS Associates, LLC

Talks given on following topics at national meetings, seminars and workshops
GRAS Criteria
REACH and GHS Regulations
HPV Toxicology Testing
Risk Assessment and Risk Management
Lubricant Additive Safety
Trade Association Environmental Activism
Product Deselection Lists
MSDS Expert Systems
Confidential Business Information under TSCA
TSCA Section 12(b) Compliance

Training courses given to business, research and legal groups at Lubrizol
General Regulatory Overview
TSCA New Chemicals
FDA Food Additive Requirements
Product Regulatory Law Course (TSCA, FDCA, OSHA)
Trainer, Toxicology Module, Metalworking Fluids Certificate Course (2005-2006)

Chemical Reporting Task Group (1983-1998)
Chemical Manufacturers Association Chairperson (1997-1998)
Safety, Health, Environmental and Regulatory Affairs Committee, Independent Lubricant
Manufacturers Association (1997 to present)
Vice chairperson (2001-2002)
Chairperson (2003-2004)
Toxicology consultant (2006)
Oversight Committee, Metalworking Fluid Product Stewardship Group, Independent Lubricant
Manufacturers Association (1997-2004)
Health Environmental and Regulatory Task Group, Petroleum Additives Panel (1997-2002)
Chairperson, Sensitization Work Group (1999 to 2002)
Biocides Panel, AEATF Ii Protocol Committee and Technical Committee (2003-2006) Team
Leader for Metalworking Study (2005-2006)
Defoamer Industry Trade Association, Founder and Technical Consultant (2005-2006)

Society of Toxicology (SOT)

American Standards and Testing Methods (ASTM)
Society of Tribology and Lubrication Engineers (STLE)
Regulatory Affairs Professionals Society (RAPS)
Roundtable of Toxicology Consultants (RTC)
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ROBERT S. MCQUATE, Ph. D.

WORK HISTORY

2006 - Present  CEO, and Co-Founder, GRAS Associates, LLC, Bend, OR
1988 - Present  President & CEQ, R. S. McQuate & Associates, Inc., Bend, OR

2006 - 2006
2000 - 2005
1998 - 2002

1986 - 1996
1991 - 1992
1983 - 1986
1980 - 1983

1977 - 1980

1974 - 1977
EDUCATION

Chemistry Instructor, Truckee Meadows Community College, Reno, NV

Senior Vice President, Scientific & Regulatory Affairs, AminoPath Labs, LLC, Portland, OR
Board Member & Business Consuitant, National Institute of Standards & Technology,
Advanced Technology Program, Gaithersburg, MD

Executive Director, Advanced Science & Technology Institute, Eugene & Corvallis, OR
Adjunct Professor, Food Science & Technology, Oregon State University, Corvallis, OR
Science Director, National Soft Drink Association, Washington, DC

Senior Regulatory Scientist and Group Leader of Regulatory and Nutrition, The Dial
Company, Inc., Scottsdale, AZ

Consumer Safety Officer, Food and Drug Administration, Center for Food Safety &
Applied Nutrition, Division of Food and Coler Additives, Washington, DC

Assistant Professor of Chemistry, Willamette University, Salem, OR

Postdoctoral Research Fellow with Professor R. G. Wilkins, New Mexico State University, Las Cruces, NM
Ph.D. in Chemistry, The Ohio State University, Columbus, OH
B.S. in Chemistry with Honors, Lebanon Valley College, Annville, PA

- PROFESSIONAL EXPERIENCE
h CONSULTING SERVICES
CEO, GRAS Associates, LLC; President & CEQ, R. S. McQuate & Associates, Inc.

Provide food ingredient safety evaluations, focusing on independent GRAS evaluations.

Provide broad-based business consulting services to universities & companies involved in
technology commercialization.

Rapid assimilation of technical and business background for use in formulating commercialization
strategies.

Critically evaluate new technologies and business plans compared to competitive firms and
products for economic potential.

Implement marketing activities to establish strategic alliances and/or licensing agreements.
Facilitate start-up ventures, including drafting of business plans.

Utilize negotiation skills to achieve successful execution of deals.

UNIVERSITY EXPERIENCE
Executive Director, Advanced Science & Technology Institute

Managed industry-university interface program on behalf of University of Oregon, Oregon State
University, Oregon Health Sciences University and Portland State University.

Strategic ptanning and program implementation; managed staff of up to 8.

Facilitated linkages between university research community and private sector, working with over
500 faculty members to yield consulting contracts, industrial research sponsorship, technology
licensing and business start-ups.

Aggressively marketed faculty expertise, universities' technologies, and research capabilities
through network of contacts, Internet, publications, and conferences.

Represented universities in broad-based statewide and regional economic development initiatives.

Faculty, Willamette University, Oregon State University, & Truckee Meadows Community College

GRAS Associates, LLC

Presented introductory and upper level chemistry lecture and laboratory courses.
Conducted independent research in molecular biclogy, enzymology, and metal ion catalysis.
Generated external grant funding to support six research students & acquire equipment.
Provided food safety guidance to industry.
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« Various scientific and chemical education publications.

PRIVATE SECTOR EXPERIENCE
Technical Management, The Dial Company & National Soft Drink Association
« Managed 5-person technical regulatory group with corporate responsibility for compliance with
FDA, USDA, EPA, FTC, OSHA, CPSC, and NRC.
« Creatively interpreted regulations to favorably impact company revenues by over $4.2 M annually.
«  Special focus on product and ingredient safety; formulated regulatory strategies in anticipation of
and in response to agency positions; applied quantitative risk analysis to product safety
considerations.
«  Provided regulatory support and training to Manufacturing and QA on Good Manufacturing
Practices requirements.
Teamed with Marketing by evaluating advertising, product claims, and labeling for compliance.
Assessed university research proposals in response to industry solicitations for funding.
Served as liaison for industry interests on food ingredient safety before FDA officials.
Served as industry spokesperson with media on technical topics such as NutraSweet addition to
soft drinks.

GOVERNMENT EXPERIENCE
Staff, Food & Drug Administration

» FDA representative with regulated food industry officials.

« Managed safety evaluations of food and color additives and GRAS ingredients among FDA
scientific divisions and with legal staff.

« Generated food safety notices, proposals, and regulations.

« Evaluated complex net weight food labeling and compliance issues and formulated agency position
for Commissioner.

« Participated on special FDA Food Labeling Task Force to develop total food label requirements.

« Formulated recommended agency policy on iron bicavailability nutritional concerns.

PROFESSIONAL AFFILIATIONS
American Chemical Society Licensing Executives Society
Institute of Food Technologists Regulatory Affairs Professional Society

BOARD AND COMMITTEE MEMBERSHIPS
External Evaluator, Kansas Technology Enterprise Corporation, Higuchi Biosciences Center (2001)
Judge, Ohio State University Business Plan Competition (2001)
Board of Directors - Universal Pulping, Inc. (1996 - 2004)
Scientific Advisory Committee - Bainbridge Technology Group, Ltd. (1991 - 2000)
Board of Directors - Regional Council of Project SBIR West (1894 - 1996)
Board of Directors - Oregon Environmental Technology Association {1994 - 1995)
Co-Director — Oregon Governor's Task Force on Technology Transfer (1991 - 1992)
Board of Directors - LEAP, Inc. (1988 - 1994)
Board of Directors - Oregon Biosciences Association (1991 - 1993)
Board of Directors - BioForum (1988 - 1991)
Oregon Governor's Biotechnology Industry Advisory Council (1988)

HONORS AWARDS AND FELLOWSHIPS
Governor Barbara Roberts Certificate of Appreciation - Task Force on Technology Transfer (1993)
Governor Neil Goldschmidt Letter of Commendation - Biotechnology Industry Advisory Council (1988)
FDA Award of Merit from FDA Commission Jere Goyan (1980)
Letter of Commendation from FDA Commissioner Donald Kennedy (1979)
Seven Research Grants Awarded as Faculty Member at Willamette University (1974 - 1977)
National Science Foundation - Graduate Research Fellowship, The Ohio State University (1971 - 1973)
Graduated with Honors, Lebanon Valley College (1969)
Petroleum Research Fund - Undergraduate Research Fellowship, Lebanon Valley College (1967 and
1968)
Dean's List Student, Lebanon Valley College (1966 - 1969)
Salutatorian, South Lebanon High School, Lebanon, PA (1965)
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Stanley T. Omaye, Ph.D.
Biography

For over 30 years, Dr. Omaye has been at the forefront of research focusing on environmental and nutritional

interactions. His goal has been to identify nutrient interactions with environmentally induced disorders and to understand
the mechanisms of such interactions and their effects on human health and welfare. Currently, Dr. Omaye's research and
educational efforts are targeting: Nutrition and aging - efficacy of antioxidant compounds on atherosclerosis and the
oxidation of low-density lipoproteins; Environmental health - health effects of air pollutants, environmental tobacco smoke,
and mercury/arsenic; Health promoting bioactive compounds - elected phytochemicals and conjugated linoleic acid; and
improving food safety for vulnerable populations of Nevada. Thus, Dr. Omaye is often called upon to serve regionally,
nationally, and internationally as an expert in food, nutrition and toxicology.

FDA Experience

« Past Academic Chairperson and currently Secretary, Nevada Food Safety Task Force — FDA initiated state
project which has the task of improving food safety in Nevada, 2002 - present

« Appointed Consultant for the Institute of Medicine, Academy of Sciences, Washington D.C. Work involves the
assessment the safety of supplement ingredients, FDA & USDA, 2002.

« USA advisor to the University of Hong Kong regarding, "An Investigation of Nutritional Imbalance and
Carcinogenicity", at the request of FDA, 1987-1989.

« PIl/CoP!l, DOA GLP Compliant studies of new antidotal compounds used in the treatment of various biological
and chemical military relevant compounds, 1987-1991.

Education
« Postdoctoral Fellow in Pulmonary Biochemistry and Toxicology; California Primate Research Center, Davis,
California, 1976
« Ph.D., Biochemistry/Nutrition, University of California, Davis, California, 1975
- M.S,, Pharmacology/Physiology, University of the Pacific, Stockton, California, 1972
« B.A, Chemistry, Sacramento State College, Sacramento, California, 1968

Professional Experience

« Professor, Department of Nutrition, College of Agriculture, Biotechnology and Natural Resources, University of
Nevada, Reno. 1991 - present; Department Chair, Department of Nutrition, 1991-1996.

« Letterman Army Institute of Research, Research Toxicologist and Team Leader, Military Trauma Research
Division, Presidio of San Francisco, CA. 1989 - 1991.

« Letterman Army Institute of Research, Assistant Chief of Toxicology Division and Research Chemist, Presidio of
San Francisco, California. Toxicology and safety evaluation (Under Good Laboratory Practices) of military
relevant products. 1987 - 1989.

« U.S. Department of Agriculture, Agricultural Research Service, Western Human Nutrition Research Center,
Presidio of San Francisco, California. Project Leader and Research Chemist, Bioanalytical Research Unit (Oct.
1983 - April 1984) and Biochemistry Research Unit (April 1984 - April 1987).

« U. S. Department of Agriculture, Agricultural Research Service, Western Regional Research Center, Berkeley,
California. Project Leader and Research Nutritionist, Nutrients Research Unit. 1980 - 1983.

« Letterman Army Institute of Research, Chief of Applied Nutrition Branch and Research Chemist, Biochemistry
Division, Department of Nutrition, Presidio of San Francisco, California. 1976 - 1980.

« California Primate Research Center, Pulmonary Biochemistry Section, Postdoctoral fellow. 1975 - 1976.

«  Quality Control Chemist, Campbell Soup Company, Sacramento, California, June 1969 - Sept 1969.

Awards
« Fellow, Academy of Toxicological Sciences, 1987. Recertification granted, 1991, 1997, and 2002,

Fellow, American College of Nutrition, 1993

Certified Nutrition Specialist, 1993

Awarded Sabbatical Leave, University of Nevada, Reno, 2001.

Recipient of Exemplary Service Plaque for efforts as Division Councilor, Toxicology and Safety Evaluation

Division, IFT, 1995-1998.

« Recipient of Leadership Award from the Food Safety Specialty Section, Society of Toxicology, 1995.

«  Exemplary Service Plague from the Toxicology and Safety Evaluation Division of the Institute of Food
Technologists, 1994,
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Special Act Award, Letterman Army Institute of Research, Presidio of San Francisco, CA., 1989..

Letter of Commendation of Commendable Performance of Duties by the Institute Commander, Letterman Army
Institute of Research, 1976.

Recipient of NIH Trainee ship Award in Pulmonary Biochemistry and inhalation Toxicology (Nat'l. Heart, Lung
and Blood Institute), 1975.

RhoChi (National Honor Pharmacy Society), 1972.

Recipient of Mary Aaron Scholarship, 1963 - 1965.

Membership

.

e o o o o e o

Editorial Board Member/Associated Editor, Toxicology, Elsevier, Amsterdam, 1998-Present
Editor/Co-Founder, Environmental and Nutrient Interactions, Taylor & Francis, 1997

Editorial Board Member, Society for Experimental Biology and Medicine, New York, NY, 2002-2005

Editorial Board Member, Nutritional and Environmental Medicine, Taylor & Francis, 2000-Present

Editorial Board Member, Inhalation Toxicology, Taylor & Francis, 2002-2004.

Editorial Board Member, Journal of Food Protection, 2003-Present.

Member, Board of Scientific Advisors of the American Council on Science and Health, 1989-present
Electronic Journal Editorial Boards: American J. Food Technology; Asian J of Clinical Nutrition; Asian J of
Epidemiology; Asian J of Scientific Research; J Pharmacology and Toxicology; Research J of Environmental
Sciences; Research J of Environmental Toxicology

Professional Society Memberships, Elected Positions, Advisory and Consulting Activities

GRAS Associates, LLC

Elected to Councilor, Food Safety Specialty Section, Society of Toxicology, 2007-2010.

Appointed Food safety Specialty Section Newsletter Editor, Society of Toxicology, 2007-2010.

Appointed Panel Member, IOM, National Academy of Sciences, 2004-06.

Invited Panel Member, CSREES Review, Department of Food Science and Toxicology, University of Idaho,
2005.

Panel member, study group for nutrition and health, USDA CSRS NRI competitive grants, 1996, 2002-2005.
Panel Member for reviewing grants, USDA, SBIR, 2004

Invited Speaker Chairperson, Food Safety and Nutraceuticals, Society of Toxicology Annual Meeting, Baltimore,
Maryland, 2004.

Invited Speaker, “Food Toxicology”, International Food Protection Conference, Phoenix, AZ, 2004.

Invited Symposium Chair, 12th World Food Science and Technology Congress. An International Meeting
scheduled for 2003 in Chicago, ILL.

Member or Review Panel, Research Competitiveness Subprogram (RCS) of the Louisiana Board of Regents' R
& D Program, 2001 - Present

Member of Review Panel, Midwest Advanced Food Manufacturing Alliance, 2000 - Present

Appointed to Assessment Panel for Washoe District Department Health Officer Candidates, Reno/Sparks,
Washoe County, Nevada, 1998 and 1999.

Appointed to the Mead Johnson Award Selection Committee, American Society for Nutritional Sciences, 1998-
99.

Appointed to the Expert Panel on Food Safety and Nutrition, Institute of Food Technologists (three year term),
1998.

Elected member of the Certification Board for Nutrition Specialists {three year term, 1997.

Appointed to the Committee for Divisions and Sections, Institute of Food Technologists (three year term), 1996.
Appointed as Alternative Executive Committee Member, Toxicology and Safety Evaluation Division, Institute of
Food Technologists, 1995.

Nominated to run as Treasurer, Executive Committee, Northern California Chapter of the Society of Toxicology,
1995,

Appointed to the Program Committee for the Society of Toxicology (three year term), 1994,

Advisory Committee member for National Association of State Universities and Land-Grant Colleges
{NASULGC). Committee authored a position paper on, "Food Safety, Diet, Nutrition and Health”, 1994,

Study Group member/reviewer for SOH/DRG/NIH competitive grants for three years (1993 - 1996).

Ad Hoc Committee member for NIH Nutrition Study Section, 1993.

Elected President, Food Safety Specialty Section, Society of Toxicology, 1993 - 1994,

Elected Chairman, Division of Toxicology and Safety Evaluation, Institute of Food Technologists for 1992 - 1993.
Nominated to run for the Executive Committee, American College of Toxicology, 1993.
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Member of Team for the evaluation of the Interdepartmental Graduate Toxicology Program, lowa State
University, Ames, lowa, 1993

Technical Advisor, Toxa Chemica, International, Rockville, Maryland. 1993 - 1998.

Appointed to the Program Committee for the Institute of Food Technologists (three year term), 1991.

Appointed by the Board of Directors to the Board of scientific Advisors of the American Council on Science and
Health, New York, NY, 1989 - present.

Elected to executive board of the Toxicology and Safety Evaluation Division of IFT in 1989. Elected to two year
term.

Elected Treasurer of the Northern California Chapter of the Society of Toxicology, 1989 (two year term).
Consultant to the Departments of Community Medicine and Biochemistry, University of Hong Kong for
investigations regarding the effect of diet on heavy metal toxicity, 1987 - 1991.

Provided consultation to the Permanent Senate Subcommittee investigating nutritionat quackery, Washington, D.
C., 1985.

Member of program committee for the annual meeting of the Gene and Environmental Toxicologist Society,
1988.

Member of program committee for the annual meeting of the Northern California Society of Toxicologist, 1988 &
1989.

Nomination to standing "Membership Committee" of the American College of Toxicology, 1988.

Nominated to membership committee, Association of Government Toxicologists, Washington DC, 1988.
Appointed representative from SOT to the Joint Societies Workshop on Food Safety. Served as Chair for writing
the position paper on, Naturally Occurring Toxicants. 1988.

Editor of IFT Toxicology and Safety Evaluation Division Newsletter, 1988 - 1993. Associate Editor between 1986
- 1988.

Appointed participant sponsor for National Research Councit Fellowship, 1987-88. Appointed participant
sponsor for 2nd National Research Council Fellowship, 1988-89.

At the request of FDA acting as USA advisor to the University of Hong Kong regarding, "An Investigation of
Nutritional Imbalance and Carcinogenicity”, 1987-1989.

Elected Secretary of CSRS Project W-143 Committee on Nutrient Bioavailability--A Key to Human Nutrition,
1986-1987.

Appointed to the Interim Executive Committee for the Northern California Chapter of the Society of Toxicology,
1986.

Appointed to the Committee on making recommendations for the Institute of Food Technologists' on our present
state of knowledge of the nutritional problems facing our aged population.

Appointed to the Committee for National Seminars on "Diet and Health". Held at the University of California,
Davis, Sept. 1985.

Society of Toxicology's designated liaison representative to the Institute of Food Technologists; 1982 - 1998.
Society of Toxicology's designated liaison representative to the American Institute of Nutrition; 1982 - 1998.
Peer Review Panel/Research Personnel Evaluation, U. S. Department of Agriculture, Agricultural Research
Service, Western Region; 1982 - 1987.

Biological Safety Committee, U.S. Department of Agriculture, Agriculture, Agricultural Research Service, Western
Regional Research Center, 1982-1983.

Internal Grant Review Committee, U.S. Department of Agriculture, Agricultural Research Service (Review
application for new and established investigator awards); 1981-1982.

Served on special committee on the revision of USDA Directive and Manual 232.2: "Laboratory Use of Chemical
Substances of Potential Carcinogenic Risk", 1980.

Publications (partial list since 2000):
(a) In Refereed Journals (92):

Chen, L., Yang, W., Jennison, B. L. and Omaye, S. T. Air particulate pollution and hospital admissions for
chronic obstructive pulmonary disease in Reno, Nevada. Inhalation Toxicol 12: 281-298, 2000.

Zhang, P. and Omaye, S. T. $-Carotene and protein oxidation: Effect of ascorbic acid and "-tocopherol.
Toxicology 146: 37-48, 2000.

Chen, L., Jennison, B. L., Yang, W., and Omaye, S. T. Air pollution and elementary school absenteeism.
Inhalation Toxicol, 12: 997-1016, 2000.

Zhang, P. and Omaye, S. T. DNA strand breakage and oxygen tension: Effects of §-carotene, "-tocopherol and
ascorbic acid. Food Chem Toxicol 39: 239-246, 2001.
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Zhang, P. and Omaye, S. T. Antioxidant and prooxidant roles for $-carotene, "-tocopherol and ascorbic acid in
human lung cells. Toxicol in vitro 15: 13-24, 2001.

Zhang, P. and Omaye, S. T. $-Carotene: Interactions with "-tocopherol and ascorbic acid in microsomal lipid
peroxidation. J Nutri Biochem 12: 38-45, 2001.

Chen, L, Yang, W., Jennison, B. L., Goodrich, A. and Omaye, S. T. Using two different statistical models to
compare the associations between PM10 and hospital admissions for COPD. Toxicol Meths, 11: 233-246, 2001.
Chen, L., Yang, W, Jennison, B. L., Goodrich, A. and Omaye, S. T. Air pollution and birth weight in Northern
Nevada, 1991-1999. Inhalation Toxicol 14: 141-158, 2002.

Nakamura, Y. K. and Omaye, S. T. Age-related changes of serum lipoprotein oxidation in rats. Life Sciences
74: 1265-1275, 2004.

Elsayed, N. M. and Omaye, S. T. Biochemical changes in mouse lung after subcutaneous injection of the sulfur
mustard 2-chloroethyl 4-chlorobutyl sulfide. Toxicology 199: 194-206, 2004.

Flintoff-Dye, N. L. and Omaye, S. T. Antioxidant effects of conjugated linoleic acid isomers in isolated human
low-density lipoproteins. Nutr Res 25: 1-12, 2005

Nakamura, Y. K., Read, M. H., Elias, J. W., and Omaye, S. T. Oxidation of serum low-density lipoprotein and
antioxidant status in young and elderly humans. Arch Gerotol Geriatrics 42: 265-276, 2006.

Cirico, T. L., and Omaye, S. T. Additive or synergetic effects of phenolic compounds on human low density
lipoprotein oxidation. Food Chem Toxicol 44: 510-516, 2006.

Badr EI-Din, N. and Omaye, S. T. Concentration dependent antioxidant activities of conjugated linoleic acid and
alpha-tocopherol in corn oil. J Sci Food Agriculture (In press), 2007.

(b) Books, Book Chapters and Reviews Articles (34):

Bidlack, W. R., Omaye, S. T., Meskin, M. S. and Jehner, D. Phytochemicals As Bioactive Agents. Technomic
Publishing Co., Inc. Pennsylvania, 2000,

Dubick, M. A. and Omaye, S. T. Modification of atherogenesis and heart disease by grape wine and tea
polyphenols. In: Nutraceuticals Handbook, (Wildman, R., Ed.) CRC press, pp. 235-260, 2001.

Chen, L. and Omaye, S. T. Air pollution and health effects in northern Nevada. Rev Environ Health 16:51-67,
2001.

Dubick, M. A. and Omaye, S. T. Evidence for grape, wine and tea polyphenols as modulators of atherosclerosis
and ishemic heart disease in humans. Nutraceuticals, Functional & Medical Foods 3: 67-93, 2001

Meskin, M. S., Topham, D. K. W., Omaye, S. T, Bidlack, W. R. Phytochemicals in Nutrition and Health, CRC
Press, Boca, Raton, FL, 2002.

Omaye, S. T. Metabolic modulation of carbon monoxide toxicity. Toxicology 180: 139-150, 2002.

Hussein, H. S., and Omaye, S. T. Introduction to the food safety concerns of Verotoxin-producing Escherichia
coli. Exp Biol Med 228: 331-332, 2003.

Omaye, S. T. Introduction to food toxicology. In: Pesticides, Veterinary and Other Chemical Residues in Food.
Watson, D, Ed., Woodhead Publishing Ltd., pp, 1-26, 2004.

Omaye, S. T. Food and Nutritional Toxicology, CRC Press, 2004.

Todd, S. J. T. and Omaye, S. T. Maternal environmental tobacco exposure and in utero and adverse birth
outcomes. Inhalation Toxicology, 2nd edition, Salem, H. and Katz, S. A, Eds., pp, 875-912, CRC Press, Roco
Ratan, FL, 2006.

Dubick, M. A., and Omaye, S. T. Grape wine and tea polyphenols in the modulation of atherosclerosis and heart
disease. In: Nutraceutical Handbook, 2nd edition (Wildmann, R., Ed.) CRC Press, 2007.

{c) Other Professional Publications (41):

Omaye, S. T, and Elsayed, N. M. Editorial: A new beginning. Toxicology, 48: 81-83, 2000.

Bendich, A., Elsayed, N. M., and Omaye, S. T. Editorial: Lawrence J. Machlin, Ph.D., FACN, 1927 - 2000.
Toxicology 159; 117-118, 2001

Omaye, S. T. Biotechnology and sustainable agriculture. Food Techn 55 (February): 23, 2001.

Omaye, S. T. Preventing BSE in the U.S. Food Techn 55 (April): 26, 2001.

Omaye, S. T. Shark-fin soup and methylmercury: To eat or not to eat. Food Techn 55 (October): 26, 2001.
Omaye, S. T. Cooperating to meet food safety challenges. Food Tech 57: 24, 2003.

(d) Published Abstracts (88):

" .

Dubick, M. A., Williams, C., Omaye, S. T., Villarreal, R. L., Herndon, D. N., Goodwin, C. W., and Kramer, G. C.
High dose ascorbic acid infusion reduces net fluid balance in sheep subjected to a 40% TBSA burn. J Burn Care
& Rehabilitation, 21: 5144, 2000
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Chen, L., Jennison, B. L., Yang, W., and Omaye, S. T. Air pollution and elementary school! absenteeism.
Toxicologist 54: 15, 2000

Chen, L., Jennison, B. L., Yang, W., and Omaye, S. T. Particulate air pollution and hospital admissions for
chronic obstructive pulmonary disease in Reno, Nevada. Toxicologist 54:15, 2000

Zhang, P. and Omaye, S. T. Oxygen tension and DNA strand breakage: Effects of antioxidants. American
College of Nutrition Annual Meeting, Las Vegas, NV, 2000.

Chen, L., Omaye, S. T., Yang, W., and Jennison, B. L. Comparisons between ARIMA and GAM applications in
the same data analysis. Twelfth Conference of the intemational Society of Environmental Epidemiology,
University at Buffalo, New York., 2000

Chen, L., Omaye, S. T., Yang, W., and Jennison, B. L. Particulate air pollution and hospital admissions for
COPD: Two statistical models. one result. Toxicologist 60: 190, 2001.

Carughi, A., Omaye, S. and Furst, A. Carotenoid levels before and after supplementation with a mixture of
vegetable extracts. FASEB, 2001.

Carughi, A., and Omaye, S. Plasma carotenoid levels before and after supplementation with mixture of
vegetable oleoresins. Ventura Gordon Conference, Ventura, California, 2001.

Yamauchi, M., Fernandez, G. C. J., and Omaye, S. T. Multiple linear regression analysis of total mercury levels
in blood and urine samples. SAS Annual Meeting, San Diego, CA, 2002.

Cheng, H., Omaye, S. T., Yang, W., and Calderon, R. Mortality rates of Churchill county, rural Nevada, and
Nevada state. Fifth International Conference on Arsenic Exposure and Health Effects, San Diego, CA, 2002.
Maher, T., Omaye, S. T., Nagle, D., Wren, A. F., Geraci, C. L., Zumwalde, R. D., Miller, A. L., and Hoover, M. D.
A case study in partnering to develop a nanotechnology occupational safety program in a nanotechnology
manufacturing environment. Second International Symposium on Nanotechnology and Occupational Health,
Minneapolis, Minnesota, Oct, 2005.

Elsayed, N. M., and Omaye, S. T. Pulmonary biochemical alterations induced by systemic administration of
nitrogen mustard. Society of Toxicology Annual Meeting and published in the “Toxicologists®, San Diego,
California, April, 2006.

Wilson, M. P., Omaye, S. T., and Surrendera-Babu, A. Food handling practices and eating preferences of child
and adult care providers. Society for Nutrition Education, Annual Meting, San Francisco, California, 2006.
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» (b)(6
Food and Drug Administration By )—(——2-‘-----....

Center for Food Safety & Applied Nutrition
Office of Food Additive Safety (HFS-200)
5100 Paint Branch Parkway

College Park, MD 20740-3835

Attention: Dr. Robert L. Martin

Re: GRAS Notification for Menaquinone-7
Dear Dr. Martin:

OnMarch 6, 2008, we received a telephone inquiry from Dr. M. Ramon-Valle regarding the need for clarification of the
foods to which Menaquinone-7 is to be added as described in the above-referenced GRAS Notification.

We have addressed this aspect in more detail within the enclosed information.

1. Dr. Richard Kraska, who chaired our Expert Panel, has compiled additional information on the anticipated consumer
exposure based on the specific foods that constitute dairy products. His enclosed letter, including Table 1 and
component sections from the USDA survey data, summarizes these findings which are supportive of the estimated daily
exposure as found in our initial submission.

2. Those pages from our original GRAS Notification that have been modified in response to your March 6, 2008 inquiry
to identify the individual food types are also provided.

With this additional information, we hope you wili determine that the content supplied is sufficient to proceed with the
filing of our GRAS Notification of Menaquinone-7.

We look forward to your feedback as your review progresses.

Thank you.
000072
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Sincerely,
(b)(6)

Robert S. McQuate, Ph.D.
CEO & Co-Founder

GRAS Associates, LLC

20482 Jacklight Lane

Bend, OR 97702-3074
541-678-5522
mcquate@gras-associates.com
www.gras-associates.com

Enclosures:
Four Replacement Pages for Menaquinone-7 GRAS Notification (in triplicate)
Letter and Table with Supporting References for Alternative Dietary Exposure Calculations
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March 24, 2008

Dr. Moraima Ramos-Valle

US Food and Drug Administration

Center for Food Safety & Applied Nutrition (HFS-25)
Harvey W. Wiley Federal Building

5100 Paint Branch Parkway

College Park, MD 20740-3835

RE: Menaquinone-7 GRAS Notification
Dear Dr. Ramos-Valle:

Based on your March 6, 2008 telephone inquiry regarding the food categories and uses of menaquinone-7 that are
contained in the subject GRAS Notification, we have prepared alternate dietary intake calculations as summarized in
attached Table 1 for your consideration. This representation will hopefully supply you with additional detail on the
anticipated consumer exposure levels to menaquinone-7.

The dietary exposure calculations contained in our original submission were based on USDA pyramid data for dairy
products. The calculations found in Table 1 were derived from USDA survey data for all individuals, as opposed to
eaters-only. Copies of Table 1 and the underlying tables from the USDA survey are enclosed. We believe the pyramid
data and the mean data based on all individuals provide reliable estimates for the dietary intake due to the fact that the
proposed food uses essentially blanket the dairy products category and its component foods and that consumers, as we
stated in our original submission, on a daily basis will likely consume one to three servings of dairy products from the
wide variety of choices.

From our calculations, eaters-only data yield results that exceed the estimate based on pyramid data. Using data from
all individuals yields results that are compatible with FDA guidance as found in Appendix B, page 20, of the guidelines
found on the agency website (http://www.cfsan.fda.gov/~dms/opa2cg8.html). In example 3 for an emulsifier as used in
a wide variety of foods, the guidelines state:

Intake of the emulsifier from the regulated uses was calculated using food consumption data

for the total sample, rather than for the eaters-only population, because of the high probability

that the entire population would consume some foods containing the emulsifier. Given the likelihood
that the number of eaters of at least one of the specified foods would be close to 100%, the choice
to use total sample is reasonable.

000074
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Our Panel determination of 50 g per day consumption of menaquinone-7 for a high user of these products is likely to
be an overestimate of daily per person exposure for two reasons: (1) The guidelines state that the “simple sum” of a
“point estimate” is probably an overestimate of consumption as opposed to more sophisticated statistical methods using
a distributional analysis that more closely reflects actual food consumption pattems; and (2) This analysis makes no
attempt to exclude that portion of the diet that is eaten away from home, and, according to NattoPharma, market
penetration of menaquinone-7 for products to be served in restaurants and cafeterias, for example, is expected to be
very low.

If there are remaining questions on the approach that our Panel has taken in assessing consumer exposure, please feel
free to contact us.

Sincerely yours,

(b)(6)

Richard C. Kraska, Ph.D., DABT
Chief Operating Officer
GRAS Associates, LLC
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Page 2 of 2 GRAS ASSOCIATES, LLC



% :
) Tabe i

Dietary Estimate for Consumption of MK-7 in Proposed Foods

o,

T
|

T
! | | 1
‘1 USDAMean . | :SDI}, . Mean . Meanx2 .
! + Use Le7vel Serving ' Grams of (decimal) of Graer:: of .Micrograms Micrograms |
i [ MK- . Food | P MK-7 MK-7 Refornce Number, Page
Food Category* | USDA Category . micrograms Size Consumed | Populattlon Food consumed | Consumed ‘ Number
" per serving (grams)  (Users 1 rep‘r;::smg | Con:t:lmed (All i (All ‘
| | | - ony) i cuate) Individuals) | Incividuate)
L. **‘ - - — )4;7 - 71 T [ S _— ,ﬁ;; —
Hard and soft 3 i i 1 ! ; |
cheeses including low 1 } | i |
fat cheese, cheese i \; | | |
spreads, cottage and | ‘ '
cream cheese wTotaI Ch i - 10 43 16 372 7 44‘Reference 2, Table 9.4 p. 29
ice Cream ~Ice Cream and Ice Milk = i 10, 157 28; 0.166 4.648 0.30 0. 59\Reference 1, Table 2.049, p.168 |
[Milk and milk drinks ~ Fiuid milk, total B B 10 244 1 ’ 194 7.95 15.90/Reference 2, Table 9.4 p. 29
Cream and cream | ; * 1
substitutes 1 Total Fluid Cream 10 1 5,L,,_, 15 0.592| 8.88 5.92 11.84 Reference 1, Table 2.081 p.200 |
Yogurt and Yogurt ; ; ;
|Beverages ‘Yogurt - 10 245 8 0.33 0.65 Reference 2, Table 9.4 p. 29
Yogurt (frozen) Milk Desserts ) - 10, 245 | ~ 27, 110 2.20|Reference 2, Table 9.4p. 29
Butter and margarine Table Fats R 10 5 L - - 4 8.00| 16.00 Reference 2, Table 9.6,p.31 |
; i | |
— — - il - — — - S - —_
Total L . ) o + . ] 2732 54.63 _
| | 1 ‘
° 1 MK 7 to be added to these foods or ‘similar subsxtutes to the ¢ extent not precluded by a food standard _ o o ]
b " Mean grams food « consumed for all individuals taken from Reference 20r calculated from Reference 1 : o ]
I I | | 3 L -
| Reference List R N S I
| 1 ‘Foqd“s Commonly Eaten in the United States L o R i ‘ i
| 'Quantities Consumed Per Eating Occasion and in a Day, 1994-96 | _ ~ B : B o
77777777 “Helen Smiciklas-Wright, Diane C. Mitchell, Sharon J. Mickie, Annetta J. Cook, Joseph D. Goldman o L -
B N httg Ilwww ars.usda. govlSPZUseanes/PlaceM2355000/gdf/Pomon gd o ” | o n
. | ]
S “"7‘ . - - : - - . _ _ ~L , e ]
2 N 'DATA TABLES: Results from the USDA's | L L ] . . B
| 1994-96 Continuing Survey of Food lntakes by Individuals and o ol R R o
B 11994-96 Diet and Health Knowledge Survey Table Set 10 | N S E B _ 3
S |Food Surveys Research Group, Beltsville Human Nutrition Research Center, l B L | ]
- \Agncultural Research Service, U.S. Department of Agriculture, 10300 Baltimore Ave., | L
~ IBldg. 005, Rm 102, BARC-West, Beltsville, Maryland 20705-2350 | L ‘ T _
hitp:/iwww.barc, usda. govibhnre/foodsurvey/homehtm | ’ i ‘ i

920000

P




Tabie 9.4.--Milk and milk products: Mean quantities (in grams) consumed per individual, by sex and age, 1 day, 1994-96

RN

Milk, mulk drinks, yogurt

Sex and age Percentage Mitk
(years) of Total desserts Cheese
population Fluid milk
Total Yogurt

Total Whole Low fat Skim

Percent Grams
Males and females
Under1.....ccoeeenn . . 1.1 749 743 87 39 116 0 + T4 +1
1-2.. R 31 474 449 412 262 135 11 11 14 10
BB vt e . 47 392 354 319 142 149 22 8 24 12
5and under. ...... 8.9 465 436 318 170 128 15 8 18 10
Males:
6-11. . . L 46 448 400 334 117 174 33 [ 35 11
12-19 Cee 5.8 409 358 303 100 157 40 13 29 19
20-29... .. . ... .. 7.3 240 192 176 59 81 33 4 22 21
30-39. . 8.3 262 201 172 61 82 25 10 33 21
40-49 7.0 254 197 178 52 82 40 7 34 18
50-59 . 4.6 223 172 153 33 76 41 5 3 14
60-69.. . . ..... . 34 238 182 166 41 7% 47 5 35 15
70andover .. .. ... ' 34 263 205 187 46 97 41 3 kY4 14
20 andover... .. .. . 339 248 193 172 52 82 36 6 31 18
Females:
611 ....... .. Lo 4.4 382 337 285 107 138 28 3 30 13
12-19., ... .. L. 56 268 219 189 67 91 30 t4 29 14
20-29..... e 7.0 208 172 145 58 44 41 7 17 16
30-39... . ... . 8.8 198 156 128 30 64 31 13 21 17
40-49 . . ... L. 6.9 179 134 116 31 50 34 10 25 14
50-58 .. . ... . 5.2 195 149 120 20 46 50 17 27 16
60-69. ... ... ... 4.1 194 149 128 24 57 43 11 26 14
70andover .. ... .. 49 209 165 149 30 73 45 7 28 11
20 and over.......... . . 356.8 197 154 131 33 55 39 11 23 15
Alt individuals.. .. ... ... 100.0 274 227 191 65 88 35 8 27 16

1 See "Statistical notes,” appendix B.
* Value less than 0.5 but greater than 0.
Excludes breast-fed children.
Q SOURCE: USDA Continuing Survey of Food intakes by individuals, 1994-96.
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Table 9 6.—-Eggs; legumes; nuts and seeds; fats and oils; sugars and sweets, Mean quantities (in grams) consumed per individual, by sex and age, 1 day,

1994-96
Fats and olls Sugars and sweaels
Sex and age Percentage Nuls
(years) of Eggs Legutnes and
popuiation seeds
Total Table Salad Totaf Sugars Candy
fats dressings
Percent [T T —
Males and females
Under 1 11 4 153 t+* T + i 11 1 t*
1-2 31 16 18 3 3 1 1 17 * 4
35 47 12 10 5 4 2 2 33 1 B
5 and under 8.9 12 N 4 3 2 1 23 1 <]
Males
6-11 46 12 12 5 8 3 4 40 1 13
12-19 5.8 22 17 5 12 3 g 35 2 13
20-2% 7.3 27 28 4 15 3 10 23 4 9
30-39 83 21 41 4 19 5 10 25 4 6
40-49 70 23 29 4 13 5 1" 23 5 7
50-59 48 24 30 & 29 5 11 25 ] 5
60-69 3.4 27 41 4 19 8 10 26 8 5
70 and over 3.4 21 33 4 16 5 8 21 4 3
20 and over 338 24 33 4 18 5 10 24 5 7
Females
8-11 4.4 11 12 4 7 3 4 42 1 12
12-19 56 13 14 3 10 2 T 31 2 12
20-29 7.0 16 20 2 14 2 10 20 4 6
30-39 8.8 16 23 3 15 3 9 20 5 5
40-49 69 i6 19 3 17 3 1" 21 4 7
50-59 5.2 16 22 3 18 4 11 20 4 &
60-69 41 18 23 2 16 4 9 17 3 3
70 and over 49 14 21 3 14 5 7 20 3 3
20 and over 36.8 16 21 3 18 4 10 20 4 &
All ingavidyals 100.0 18 25 4 14 4 8 25 3 7

1+ See "Statistical notes,” appendix B
* Value less than 0 5 but greater than 0,

Excludes braast-fed children

SOURCE USDA Continuing Survey of Food intakes by individuals, 1994-96
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Table 2.081. Tetal Fluid Cream: Percentage of persons using food in 2 days and quantities consumed in a day.

Age (years) and sex

2-5 611 12-19 20-39 40-59 60 and older
Statistic All individuals Males Males
age 2 and over and and Males Females Males Females Males Females Males Females
females females
Number in sample 14,262 2,109 1,432 696 702 1,543 1,449 1,663 1,694 1,545 1,429
Percent of persons using %
at least once in 2 days 59.2 60.3 61.2 66.5 59.1 66.7 57.6 58.1 55.0 §55.7 511
on 1 of 2 days 394 40.8 41.2 45.0 40,2 41,1 38.7 40.0 37.3 348 36.3
on both days 19.8 19.5 19.9 215 18,9 2506 18.9 18.2 17.6 20.9 14.8
Quantity consumed in a day .
{1 tablespoon = 15 g)
Mean 15 9 13 14 15 16 13 19 16 22 16
SEM # 1 1 1 1 1 1 1 1 1
5th percentile 1 # 1 1 4 1 # 1 # 1 #
10th percentile 1 1 1 1 1 1 1 1 1 1 1
25th percentile 1 1 1 1 1 2 1 2 1 2 1
50th percentile 3 2 3 3 2 4 3 5 4 10 8
75th percentile 19 12 16 10 15 20 18 29 17 29 22
90th percentile 44 26 32 44 45 46 36 59 41 47 36
95th percentile 60 32 47 73 63 62 49 68 59 76 58

* Indicates a statistic that is patentially unreltable because of small sample size or large coefficient of variation.

# Indicates a percentage that is gmater than 0 but less than 0.05 ora mean, SEM, or percentle that 1s greater than O but less than 0.5.
— Indicates a percentile that could not be estimated

Note: See "Table notes.”

Source* USDA's Continuing Survey of Food Intakes by Individuals, 1994-96, 2 days.
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Table 2.049. lce Cream and lce Milk. Percentage of persons using food in 2 days and quantiies consumed in a day.

Age (years) and sex

25 &6-11 12-18 20-39 40-59 60 and older
Statistic All individuals Males Males
age 2 and over | and and Males Females Males Females Males Females Males Females
females females
Number in sample 14,262 2,109 1,432 696 702 1543 1,449 1663 1,694 1545 1,429
Percent of persons using Yo
at least once in 2 days 16.6 18.4 211 14,2 15.2 14.7 13.6 18.0 14.2 22.7 18.9
on 1 of 2 days 14.2 15.6 18.9 12.4 13.7 13.2 12.5 15.3 121 171 14.2
on both days 24 2.8 2.2 18" 14~ 1.5 1.1 2.8 2.1 55 4.8
Quantity consumed m a day g
{1/2 cup hard ice cream = 67 g)
Mean 157 96 140 229 206 202 138 184 145 144 112
SEM 4 4 5 13 20 20 7 8 ] 5 5
5th percentile 44 33 51 63" 39" 4 39* 64 43* 33 30
10th percentile 66 35 66 66 * 58" 66 66 69 50 66 43
25th percentie 74 61 83 132 98 132 68 131 66 66 66
50th percentlle 132 66 132 198 134 172 132 133 132 132 100
75th percentile 199 132 171 293 265 265 163 264 197 198 133
g0th percentila 266 175 248 385* 363" 398 251 304 265 265 198
g5th percentile 370 199 265 477" 398 * 422 297 * 396 275" 293 232

* Indicates a statistic that is potentially unreliable because of small sample size or large coefficient of variation.

# Indicates a percentage that is greater than 9 but less than 0.05 ora mean, SEM, or percentle that is greater than 0 but less than 0.5.
- |ndicates a percentile that could not be estimated.

Note: See "Table notes.”

Source: USDA's Continuing Survey of Food Intakes by Individuals, 1994-96, 2 days.
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D. Conditions of Intended Use in Food

Menaquincne-7, in the form of selected MenaQ7 products, is intended to be added to
designated foods as a nutrnient supplement as defined in 21 CFR 170 3(0){(20) The per
serving levels added to dairy products (see Section IV A for the specific foods constituting the
dairy products category} and butter and marganne substitutes range from 6 7 - 10 mg of
MenaQ?7 to yield a total daily dietary consumption of 50 pg of menaquinone-7 as a source of
vitamin Ky

E. Basis for the GRAS Determination

Pursuant to 21 CFR 170 30, menaquinone-7 as MenaQ7 has been determined to be GRAS on
the basis of scientific procedures as discussed in the detalled description provided below

F. Availability of Information

The data and information that serve as the basis for this GRAS Not/fication will be sent to the
US Food and Drug Administration (FDA) upon request or will be available for review and

copymng at reasonable times at the offices of GRAS Associates, LLC, focated at 20482
Jackhght Lane, Bend, OR 97702-3074

GRAS Associates, LLC
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IV. Intended Food Use and Dietary Estimates

A. intended Use of MenaQ7 in Food

NattoPharma intends to add the two existing MenaQ7 products to selected processed food
categories as a nutnient supplement as defined in 21 CFR 170.3(0)(20). The MenaQ7
products will be added at levels ranging from 6.7 - 10 mg/serving to deliver 10 yg of MK-7
per serving of food. NattoPharma is developing other MenaQ7 products of varying
concentrations of MK-7 for formulation flexibility for the food industry

The foods to which MenaQ7 will be added include dairy products and butter and margarine
substitutes The specific foods constituting the dairy products category consist of the
following hard and soft cheeses including low fat cheese, cheese spreads, cottage and
cream cheese, ice cream; milk and milk drinks; cream and cream substitutes, yogurt and
yogurt beverages; and yogurt (frozen) NattoPharma recognizes that certain foods may
have compositional restrictions because of specified food standards, for those foods
MenaQ7 can only be added if allowed by the food standards or if incorporated into
substitute or alternate foods that are not subject to the food standards limitations

B. Estimated Dietary Intake for the United States

USDA survey data indicate that the average consumption of total dairy products for
Americans 1s 1 5 servings per day.® Based on FDA guidance, a level of twice the average
(or 3 servings per day) can be considered an overestimate of the 90™ percentile of total
dairy products (FDA, 2006}

USDA survey data indicate that the average consumer consumes 4 g/day of table fats, the
category which includes butter and margarine products ® Given the serving size of 5 g, this
equates to 0.8 servings per day for the butter and margarine type products, at twice the
consumption of the mean to estimate the 90™ percentile consumer, we obtain the estimated
consumption of butter and margarine products to be about 1.6 servings per day

To deliver 10 pg of MK-7 per serving of food, 6 7 mg per serving of MenaQ7 Oil M 1500
{which contains 0 15% MK-7) will be added to the designated food When adding MenaQ7
Powder P 1000 (which contains 0.10% of MK-7), 10 mg per serving will be added to the
designated food

Thus, a total daily dietary intake of MK-7 using erther MenaQ7 Qil M 1500 or MenaQ7
Powder P1000 as described above provides 50 pg of MK-7. Since the MenaQ7 Ol M 1500
1s 95+% sunflower oil, 5 total servings of the designated foods would provide about 35
mg/day of sunflower oil to the diet. At 5 servings per day, the consumption of added
components of MenaQ7 Powder P 1000 products will be as represented in Table 7

8 USDA, 1999 Table 42 Pyramid Servings Data for Dairy Products
9 UUSDA, 1997 Table 96 Eggs, legumes; nuts and seeds, fats and oils, sugars and sweets Mean quantities (in grams} consumed
per ndividual, by sex and age, 1 day, 1994-95,

GRAS Associates, LLC 00C082
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to 100 pg/day would not interfere with anticoagulant therapy The same group concluded in
a subsequent study (Schurgers et al , 2007a) that, because of the greater half life of MK-7,
doses greater than 50 pg/day should be avoided by patients on anticoagulant therapy.

The Panel is of the opinion that 50 pg/day of MK-7 is rather conservative. FDA considered
the need for a warning label directed at these patients on vitamin K-enriched foods
containing approximately 40 pg/serving of phylioquinone and decided that requiring a
warning label was not necessary '° These patients are actively monitored for blood levels
of anticoagulants, and physicians can readily adjust their dosages and diets.

The Panel concluded that MK-7 is safe at a level of 1 mg per day or more for healthy adults.
Because of the possible interference with anticoagulant therapy, the Panel recommends a
conservative consumer exposure to assure that consumption does not consistently exceed
50 ug/day. Based on the desire of NattoPharma to supply 10 ug per serving in dairy
products as defined in Section [V A and butter and margarine substitutes, and by
considering the USDA food intake survey data referenced in Section IV B, the Panel is
satisfied that consumers are not likely to consume more than 5 servings of these foods per
day. The Panel agrees that the proposed limitation to use in dairy products and butter and
margarine substitutes will adequately limit consumption of MK-7 which obviates the need
for a warning label for consumers on anticoaguiant therapy.

If a consumer were to eat on a chronic basis a combination of foods that are naturally high
In vitamin K, along with foods fortified with MenaQ?7, as well as ingestion of a dietary
supplement containing vitamin K, it is difficult to imagine that the total vitamm K
consumption would exceed 300 pg/day (5 0 pg/kg for 60 kg adult). Even so, this level of
consumption would remain within the range which NAS considered to be safe. In view of
the variability of natural vitamin K in the diet, it is not likely that levels this high could be
sustamned over long periods. The Panel agrees that levels of MK-7 up to 100 ug/day would
be safe even with patients on anticoagulant therapy. However, NattoPharma has adopted
the prudent practice of imiting the addition to foods as noted elsewhere to keep
consumption levels at or below 50 ug/day.

The Panel has reviewed the other ingredients used in the manufacture and formulation of
MenaQ7. As indicated in Table 4, ali ingredient used in the formulation are adequately
covered by applicable FDA clearances The Panel concludes that consumption of these
ingredients at the levels present in a total of 5 servings of dairy products and butter and
margarine substitutes combined is safe

C. Common Knowledge Element of GRAS Review

As discussed in Section VI.A, the two components comprising the common knowledge
requirement must be satisfied for any GRAS determination

Regarding the first element, the Panel recognizes that the vast majority of the studies relied
upon In the GRAS evaluation has been published and is available in the open scientific
literature. The information on the definition of natto, its common use in Japan and other
information on fermented soybean products is also readily available on the internet and
other public sources

3 See 68 FR 43692, 2003

GRAS Associates, LLC 0 O 0083




GRAS Assessment -- NattoPharma ASA
Menaquinone-7 / MenaQ7
Page 32

VIl. Conclusions™

Expert panels of scientists have indicated that no upper limit is needed for vitamin K
consumption, and other experts in the field have recommended an increased consumption
of vitamin K; to enhance bone and cardiovascular health. Ample scientific evidence exists
on MenaQ7 and MK-7 to conclude that the anticipated human food use as a nutrient
supplement in dairy products as defined in Section IV.A and butter and margarine
substitutes when consumed at daily levels up to 50 pg/day by adults is generally recognized
as safe.

The preponderance of the scientific evidence has established that FDA’s food ingredient
safety standard of “reasonable certainty of no harm under the intended conditions of use”
has been met for menaquinone-7 and MenaQ?7; consequently, MenaQ?7 has attained GRAS
status and is exempt from premarket approval requirements.

(b)(6)
February 22, 2008
Richard C. Kraska, Ph.D., DABT Date
(b)(6)
February 22, 2008
Robert S. McQuate, Ph.D. Date
(b)(6)
- February 22, 2008
Stanley T. Omaye, Ph.D. Date

4 Appendix B contains the educational and professional backgrounds for Richard C. Kraska, Ph.D., DABT, Robert S. McQuate,
Ph.D., and Stanley T. Omaye, Ph.D. Each has extensive technical background in the evaluation of food ingredient safety. Drs.
Kraska and McQuate each worked on GRAS and food additive safety issues within FDA's GRAS Review Branch earlier in their
careers and subsequently continued working within this are in the private sector. Dr. Omaye is a professor of nutrition at the
University of Nevada, Reno and has published extensively on the nutritional and toxicological aspects of food ingredients. Dr.
Kraska served as Chair of the Panel.
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Generally Recognized As Safe *

‘mcquate@gras- assomates com . www.gras- assoclafes com

June 2, 2008

Ms. Blondell Anderson
Food and Drug Administration

Center for Food Safety & Applied Nutrition
Office of Food Additive Safety (HFS-265)

5100 Paint Branch Parkway
Coliege Park, MD 20740-3835

Dear Ms Anderson:

L 26482JackhghtLanef/

Bend, OR~97702 3074 541 678 5/522

,,’_‘

Re: GRAS Notification 245 --- Menaquinone-7

On behalf of NattoPharma ASA, we request that you cease the evaluation of the above-referenced GRAS notice

addressing menaquinone-7.

We may elect to resubmit a modified notification at a future date.

Thank you.

Sincerely,

(b)(6)

Robert S. McQuate, Ph.D.
CEOQ & Co-Founder

GRAS Associates, LLC

20482 Jacklight Lane

Bend, OR 97702-3074
541-678-5522
mcquate@qgras-associates.com

www.gras-associates.com

Page 1 of 1
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12068 Via Cercina Drive

Bonita Springs, FL 34135-6922
216-470-7280

kraska@gras-associates.com ; & m '

September 12, 2008

Ms. ébndell Anderson

Office of Food Additive Safety (HFS-265)
Center for Food Safety and Applied Nufrition
Food And Drug Administration

5100 Paint Branch Parkway

College Park, MD 20740-3835

RE: NattoPharma, ASA
Prenotice Communication (GRN)

Dear Ms. Anderson:

GRAS Associates, LLC has submitted GRN 000245 on behalf of NattoPharma, ASA regarding the
.~*he intended food uses of menaquinone-7 (MK-7) in dairy products, butter and margarine. This
wwaotification was withdrawn from FDA review as requested in our letter of June 2, 2008. NattoPharma
intends to resubmit a modification of this notice in the near future. Consequently, we request a
meeting with FDA staff to discuss issues and concerns raised during the conference call held on May
29. We are providing you with additional information for agency review and discussion at the
meeting.

We wish to discuss the following issues at the meeting:

1. The natural occurrence of MK-7 and other menaquinones in the human diet. Attachment
A shows that there is a significant amount of naturally occurring Menaguinones (specifically
including MK-6 to MK-8 ) in western diets---including the US-- which likely fuffills at least a
moderate level of the dietary supplement of vitamin K. Significant MK-4 is provided by eggs
and significant MK-8 and MK-9 are provided by various cheeses. Much higher levels of MK-7
have been shown in diets in Japan, especially for people eating natto, a fermented soybean
product. Although we are not asserting that MK-7 is GRAS based on history of use in the US,
we believe this dietary experience warrants consideration as a factor in the scientific
judgement required in the safety assessment.

2. Bioavailability and Safety of MK-7. Attachments B and C discuss the relative bioavailability
of MK-7 to MK-4. Attachment B estimates that MK-7 is 6-10 fold more bioavailable than MK-4
and phylloquinone. MK-4 and phylloquinone are similar in molecular weight and are likely to
exhibit similar bioavailabilities. We assert that there is ample safety data---and 20 years of
clinical experience--—-on MK-4 to show that 45 mg/day is safe and that these data can be
applied to assess the safety of low levels of structurally related menaquinones such as MK-7

0000687 0oL

Page 1 0f3 GRAS ASSOCIATES, LLC

g



e,

and MK-6. In addition, the existing safety data on MK-7, including several clinical studies,
additional data found on the Japanese government website for its National Institute of Health
(Attachment D), including a 90-day rat study on a natto product where the highest dose tested
was equivalent to 13 pg/kg of MK-7, and the level of its natural occurrence, collectively
demonstrate that MK-7 is safe at the proposed usage level of 50 pg/day. In view of the
approximate 1000-fold difference between the safe level of MK-4 to the proposed use level of
structurally related MK-7, there is an ample margin of safety to account for a 6-10-fold higher
bioavailability of MK-7.

. Safety of MK-6. NattoPharma’s product contains up to 6% MK-6. Attachment A shows that

MK-6 naturally occurs with MK-7 and is hormally present in natto, which is the raw material for
NattoPharma’s product and is the food source which accounts for the high levels of MK-7 in
the diet of Japanese people. Since MK-6 is less lipophilic than MK-7, it is expected to be less
bioavailable than MK-7. Further arguments are included in Attachment C. It should be noted
that although some forms of natto contain more MK-8 than MK-6, there is no measurable MK-8
in NattoPharma'’s product.

. Reproductive effects of MK-4. FDA noted potential reproductive toxicity in one of the

studies provided (Minaki et al.) FDA was particularly concerned about the data in Table 8 in
the publication of this study concerning neonatal death. The number of neonatal deaths
observed from a total of 24 dams at each dose was as follows:

Dose Group | Number of Neonatal | Percentage
Deaths Observed of Total
Within 4 days of birth | Neonates
Control 9 2.9%
10 mg/kg 30 10.1%
100 mg/kg 7 2.3%
1000 mg/kg 21 6.6%

Clearly, this effect is not dose related and likely indicates uncontrolled sources of variability in
this one study. There was no evidence of any neonatal deaths with MK-4 in mice or rats
(Suzuki et al. 1971), no teratology or effect on the neonate in rats (Goto et al., 1986) and no
teratology in the rabbit (Ohsumi et al., 1985). We have reexamined the literature on the
potential effects of MK-4 on reproductive performance and the neonate and have found some
additional references. It is our opinion based on our review of these studies that there is no
indication that menaquinones as a class of compounds present any hazard to reproductive
performance or to the neonate. A complete list of these references can be found in
Attachment E. English translations are also attached for those studies which were published in
Japanese.

. Concern about patients on anti-coagulant therapy. We note FDA's concern on this issue

from the conference call, and we would would like to discuss possible alternative approaches
with FDA at the meeting. This issue is also addressed in Attachment C by Dr. Leon Schurgers.
Two important studies that will be discussed are Schurgers et al. (2004, 2007).

000087002
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We would like to suggest meeting with you in mid-November and would like to discuss possible dates
. as soon as possible so that our team can make travel plans, which include traveling from Norway and
....ne Netherlands. If there are any questions, please contact me at the phone number or email
address listed above.

Sincerely,

(0)(6)

Richard C. Kraska, Ph.D., DABT
Chief Operating Officer and Co-Founder
GRAS Associates, LLC

RCK:lsm

Enclosures: Attachments A through E

060087.003
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ATTACHMENT A

The Natural Occurrence of MK-7 and Other Menaquinones in the Human Diet
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Attachment A: Menaquinones in the US diet — for FDA - 210808

Menaguinones in the US diet

A summary of US cheese and egg consumption and consequences for intake
of higher menaquinones in the US population

Prepared for obtaining a “Non Comment “ letter from Food and Drug Administration, US as a
response to GRAS filing for the products branded MenaQ7 from NattoPharma ASA, Norway

By Anne Bjgrnebye Vik, PhD, MBA

Vice President Research and Development NattoPharma ASA
INTRODUCTION

Vitamin K2 as natural menaquinone-7 (Branded as MenaQ7 from NattoPharma) —is submitted to
FDA for GRAS evaluation. FDA has questioned the content of other menaquinones (MKn) than MK-7
in the product, especially MK-6 and MK-8 for potential safety risks.

In this paper we have highlighted the facts that

v" MK-6 and MK-8 are natural menaquinones present in fermented products, especially in
fermented cheese that are sold in large quantities all over the world, included in the US

v' The doses consumed by US citizens of MK-6 and/or MK-8 are comparable to cheese
consuming populations in other parts of the world

v' There are no adverse reactions associated with the daily dietary intakes of products
containing MK-6 or MK-8

v" Our MenaQ7 products contain MK-7 with 1-3 % of MK-6 and no detectable MK-8

v MK-7 in MenaQ7 products originates from Natto food. Natto foods have safely been
consumed by Asian populations, especially Japanese people in Japan but also Japanese
populations in western countries like the US, UK, Germany and elsewhere in hundreds of
years.

This paper makes use of official statistics and published papers to support the above statements. The
following data is used for the purposes outlined below:

o Cheese production in the Us and annual consumption/capita — ref USDA statistics
L e Egg production and consumption/capita

006087, 005
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Attachment A: Menaquinones in the US diet — for FDA - 210808

Vitamin K1 (phylloquinone) and vitamin K2 (menaquinones- 4 to menaquinone -8)
content of ordinary foods bought in supermarkets in Europe

Estimates of content of vitamin K1 and vitamin K2 — as MK-4 to MK-8 - in US
consumed cheese and eggs/day based upon Dutch vitamin K measurements
Comparison of cheese consumption/capita in the US and in the Netherlands
Comparison dietary intake of vitamin K2 as MK-4 to MK-8 in the US and in the
Netherlands; and comparison to the dietary intake of vitamin K1 and vitamin K2 in
the Rotterdam study from 2004

Consumption of menaquinone-7 from Natto food in Japan

Safety consideration for menaquinone-7 from the Japanese Health Authorities
Batch to batch variation of content of MK-7 and MK-6 in MenaQ7 products

References cited in this review are listed at the end of Attachment 1.

US cheese consumption 1981 to 2006
Menaquinones are naturally derived components from bacterial fermentation of cheeses and other
products like the Japanese dish Natto. To evaluate the consumption of such naturally occurring

menaquinones, cheese consumption has been evaluated in the US and elsewhere. Based upon

laboratory analyses of menaquinone content in various cheeses, we have calculated the average US

citizen menaquinone consumption.

Fig 1: US cheese consumption *

(Pounds)

34

30+

26+

22+

18+

14

10+

ol
1996

U.S cheese consumption

Per Capita Cheese Consumption, 1996-2006*

32,5

30,5 31,2

it AR A3 4

1998 2000 2002 2004 2006

* Preliminary estimate.

Source USDA/ERS, Livestock, Dairy, and Poultry Outlook.
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Attachment A: Menaquinones in the US diet — for FDA - 210808

Statistics from United States Department of Agriculture, Economic Research Service (ERS)® show
consumption of a large selection of food products over the years in the US. Data for cheese® and egg
consumption is used. Fig 2 shows statistics for cheese consumption from 1909 to 2003, Fig 3 a more
detailed picture of the various kinds of cheeses consumed.

heese consumption continues 1o rise
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Americans now consume aimost three times more cheese According to Jean Buzby *(Amber

than they did in 1970 .
i on Waves — The Economics of Food,

- Farming, Natural Resources, and Rural

Alt others . )

[7] Cream America) the market can be described

‘ Ciher American’® il as:

Cheddar

Other Hatian . .
n “Demand for easy, time-saving

strategies and cheese'’s utility in
adding rich flavor to quick-serve
meals (like soups, salads, pastas,
sandwiches, cooked vegetables, eggs,
and countless other dishes) are
driving the rise in cheese
consumption since 1970. The boom in
eating out and ordering in parallels
cheese's use as a major ingredient in
G ; £,00 ) food manufacturing (roughly 60

1970 73 5 72 82 85 : LT lliss  percent of our cheese now comes
Note: Excludes full-skim American and cottage, pol, and baker's c . through these channels). For at-home
tamerican chease, other than Cheddar, inctudes Colby, Monterey J ri consumption, re-sealable bags of
washed or stirred curd. shredded cheeses—including cheese
ZPietiminary estimates. blends tailored for use in Italian and
Mexican recipes—and individually wrapped cheese sticks and baby Goudas have made cheese even
more of a household staple. Average U.S. cheese consumption nearly tripled between 1970 and
2003, from 11 pounds per person to 31 pounds.”

Morzarelia

In this paper we have selected examples of hard and soft cheeses. Detailed information on the US
consumption of various cheeses per capita per year is found in ref °
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Attachment A: Menaquinones in the US diet — for FDA - 210808

Americans now cansume almost three times more cheese According to Jean Buzby (Amber
than they did in 1970

Waves — The Economics of Food,
Farming, Natural Resources, and Rural
America) the market can be described
as:

“Demand for easy, time-saving
strategies and cheese’s utility in
adding rich flavor to quick-serve
meals (like soups, salads, pastas,
sandwiches, cooked vegetables, eggs,
and countless other dishes) are
driving the rise in cheese
consumption since 1970. The boom in
eating out and ordering in parallels
cheese's use as a major ingredient in
food manufacturing (roughly 60
percent of our cheese now comes
through these channels). For at-home
consumption, re-sealable bags of
shredded cheeses—including cheese
blends tailored for use in Italian and
MeX/can rec:pes——and individually wrapped cheese sticks and baby Goudas have made cheese even
more of a household staple. Average U.S. cheese consumption nearly tripled between 1970 and
2003, from 11 pounds per person to 31 pounds.”

In this paper we have selected examples of hard and soft cheeses. Detailed information on the US
consumption of various cheeses per capita per year is found on the web page:
o http://future.aae.wisc.edu/data/annual_values/by_area/2191?tab=sales.

Fig 4 show the distribution of cheeses consumed in 2006 (amounts consumed in US pounds).

e o o ot P o [ [P o N

: us cheese consumptlon in 2006 as Lbs cheese/caplta.
| Total 32,48 |bs/year.

Ref: http://future.ase.wisc.edu/tab/sales.htmI#58

0,32 0,2 1,29
® American cheddar

® Other American cheeses
# Total Italian cheeses

# Swiss cheeses

M Cream/Neuchatel cheeses

# Munster cheese

# Blue cheese

& Other cheeses

TTATVEIRRY A e .
SESTORTGINAT o6 -

Table 1 gives the figures in kilograms.

We have used cheddar, Swiss and cream cheeses in this paper. These contribute about 44 % to the
total cheese consumption in the US. (Must check the MK content in Italian cheeses- these represent
P 42, 4 % of total consumption)
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US vearly consumption per capita of some cheeses in g/day
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6,000 g/day Cream Cheese
3.000 2.958 2,958 3,119
‘ 2,809 2,896 2,995 3119
2000 g 5en 1392 o L520. ... 566
14,,,;40«1:?123,, P e hsd o
0,000
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Febhttp/slutige aae i eda- data annal
Figure 5

The cheeses illustrated give an average daily consumption per capita {all year around= 365 days) of
16-18 grams/day®. As previously shown this is about 44% of the total daily consumption per capita.

If Italian cheeses were included {17, 10 g/day) — the daily cheese consumption (Cheddar, Swiss,
cream and ltalian cheeses) would be (12,97g +1, 57g+3, 12g+17,1g)} = 34, 76 g/day which is 86% of
total consumption/capita- ref fig 1 and fig 4 and table 1.

Egg statistics from the US can be traced back to 19097 and shows that the annual production of eggs
per capita has changed over time: From 292 eggs in 1909 to all time high in 1945 with 421
eggs/capita to the 2006 figures of 251 (ref 1) — 256 eggs/capita/year(ref 2) respectively.

In the following calculations we have used 250 eggs/capita/year for 2006 as well as that the weight
of an egg is 58 grams.

[ Rt .- .
[ R PY) BT . cr e lh
l PRI+ . - % A R o B inea

At
s

To estimate the content of vitamin K1 and menaquinones we have used the data published by
Schurgers®. Another table for content of Menaquinones is found in an article by Sakano et al’

The full table from Schurgers covering K1, MK-4, MK-5,MK-6,MK-7 and MK-8 in 51 different food and
drink products is attached {Attachment 1). From this table values found for K1 and menaquinones in
hard (Cheddar and Swiss cheese) and soft cheeses (Cream cheese /Neufchatel) are used in the
following sections. As can be seen in fig 6 there is hardly any menaquinones in yoghurt. Yoghurts are
thus not included in the following.
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Phylloquinone and Menaquinone content (ug/100g food)
in dairy products and in eggs. Ref Schurgers 2002
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From fig 6 it can be calculated that on average 100 grams of hard cheese bought in the supermarket
contains about 20 ug Vitamin K2 (sum of MKS to MK-8); while soft cheese contains a bit less,
approximately 13 ug of vitamin K2 (sum of MK-5 to MK-8). In addition these cheese products contain

some MK-4.

Table2

Whole yoghurt
Skimmed yoghurt
Hard cheese

Soft cheese

Curd cheese

ug/100g

K1
0,4
0
10,4
2,6
0,3

ug/10

MK-4

0g ug/100 ug/100 ug/100
g g g
MK5  MK-6  MK-7
0,6 0,1 0 0
0 0 0 0
4,7 1,5 08 13
3,7 03 05 1

0,4 0,1 0,2

0,3

ug/iOO ug/lO()”éWW ‘
4
MK-8 Sum MK-5-8
0,2 0,3
0,1 0.1
16,9 20,5
11,4 13,2

51 5,7

Eggs contain approximately 30 — 32 ug/100g of vitamin K2 as MK-4- the majority of which is found in

the egg yolk (see table 3).

0
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Attachment A: Menaguinones in the US diet — for FDA - 210808

Measurements from Schurgers et al show the following vitamin K content of eggs

‘Table3 ~ ug/100 ug/100g ug/100 ug/100 ug/100 ug/100 ug/100g
o+ oo s B & . B ___ 8 B . .. . ..
K1 MK-4 MK-5 MK-6 MK-7 MK-8 Sum MK-5-8
Egg yolk 21 314 0 0,7 0 0 34,2
Egg albumen 0 0,9 0 0 0 0 0,9
S O TN O Tl .

a0 g fagvey .
£h3 I I SN

To estimate the daily intake of vitamin K2 per capita per day in the American population we have
used the consumption of 3 kinds of cheeses and 1 egg. The amount of the different menaquinones {
MK-4 through MK-8) are measured by Schurgers (2002) for hard and soft cheeses and eggs bought in
the supermarkets in the Netherlands.

These values are shown in table 4.

‘Tabled
Analytical values of vitaminKs ~~ MK-4  MK5  MK-6 MK7  MK-8
ug ug ug ug ug
Hard cheese per 100 g Ref Schurgers , 2002 4,7 1,5 0,8 1,3 16,9
Soft cheese per100 g Ref Schurgers , 2002 3,7 0,3 0,5 1 114
Egg per 100g Ref Schurgers , 2002 31,4 0 0,7 0 0
Albumen per 100g Ref Schurgers , 2002 0,9 0 0 0 0

Table 5 shows the dietary intake from 44% of a per capita cheese consumption and 1 whole egg. Fig
7 shows the same distribution.

Table 5: Estimation of vitamin K2 in cheeses and 1 egg consumedintheUs

Food Amount- grams MK-4 lig\ MK-5 ug MK-6 MK-7 MK-8 Total K2
ug ug ug ug

Cheddar- grams 12,32 0,58 0,18 0,10 0,16 2,08 3,10
Cream Cheese - grams 2,98 0,11 0,11 0,01 0,03 0,34 0,60
Swiss cheese - grams 1,46 0,07 0,07 0,01 0,02 0,25 0,41
Egg yolk- one egg 58 18,21 0,00 0,41 18,62
Egg albumen- one egg 58 0,52 0,52
Total each MK 19,49

036 053 021 267 @ 2326
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Attachment A: Menaquinones in the US diet — for FDA - 210808

Consuming 16,76 grams of cheeses and one egg daily equals intake of 23,3 ug of vitamin K2. As can

be seen the major contribution comes from the egg and MK-4, while the rest is a mix of the higher
menaguinones.

Menaquinones (ug) in 16,8 g cheese
+ 1 egg eaten daily/capita in the US

0,21 2,67

# MK-4 ug
= MK-5ug
# MK-6 ug
7 MK-7 ug

MK-8 ug

Fig 7.

Each American is consuming 9,53 pounds(lbs) or 4,32 kg Cheddar cheese /year. This equals to 12,32
grams/day. According to analysis performed in VitaK (Schurgers 2002) hard cheeses like cheddar
contains several of the menaquinones as shown in table 6 and Fig 8 for cheddar cheese below.

Table 6 : Dietary consum ption of menaquinones from 16,76 grams of cheeses

" Food “Amount-  MK4  MK5  MK6 MK-7 MK-8  Total Vit
grams ug ug ug ug ug K2
Cheddar 12,32 0,58 0,18 0,10 0,16 2,08 3,10
CreamCheese/Neufchantal 2,98 0,11 0,11 0,01 0,03 0,34 0,60
Swiss cheese 1,46 0,07 0,07 0,01 0,02 0,25 0,41
Total 1676 076 036 013 021 267 4,12

Fig 8: Menaquinones in Cheddar cheese — a best seller in the US with market share of >32 % (ref fig 4)

Content of various menaquinonesin12,32 g
Cheddar as consumed daily per capitain the US

MK-4 ug
| MK-5ug
% MK-6 ug
2,08
# MK-7 ug

MK-8 ug

000087, 012
BEST ORIGINAL COPY



Attachment A: Menaquinones in the US diet — for FDA - 210808

Table7:Eggs ~ Klug  MK-dug MKS MK6  MK7  MK8
e e s v ...YB . ug . .U

Vitamin K per egg in ug 1,218 18,212 0 0,406 0 0

Total Vitamin K in 250 eggs 304,5 4553 0 101,5 0 0

The average US consumer digests vitamin K2 in the form of 4,5 mg MK-4 and 0,101 mg MK-6 per year
from eggs.

R . . . » .
e 3gn esusoEyrusa . Svii wr oy o 4ED <y RN T IE IR U PR SRS
RS $ 1 B2 5 000 SN S A T IR £ N S Ve (33N PEEY £ 1 AL PEPAL R 4

Fig 9 shows the comparable cheese consumption in the US and several European countries as well as
Australia, Canada and Argentina®®. As can be seen Greece consumes almost twice as much cheese as
the US, while the Netherlands consume 1,24 times more than in the US.

International Cheese Consumption
Per Capita Consumption, Selected Countries, 2005

(Pounds)

Greece
France
Netherlands
Italy
Germany
Sweden
United States
Australia 24,5
Canada 24,5
Argentina 226
United Kingdom 21,8

Source USDA/FAS, Production, Supply and Distribution Online Database;
EuroStat Yearbook, US Census Bureau, International Database;

USDA/ERS, Livestock, Dairy and Poultry Qutlook, R
It can be seen from this

figure that the per capita cheese consumption in the US: 31,4 |bs or 14,24 grams is comparable to the
previous estimates in table 5 of 16-17 grams; the latter giving a total of 4 ug higher
menagquinones/day/capita when eating 3 different kinds of cheese.

in the Netherlands the consumed amount of cheese (47,2 Ibs or 21,4 grams/day) is estimated in table
8.

Table8
' Consumption Netherlands ~ MK-dug MK-5 MK-6  MK7 MK8  Total Vit
ug ug ug ug K2
Hard cheese 100 g 4,7 15 0,8 1,3 16,9
Hard cheese 21 g 0,987 0,315 0,168 0,273 3,549 5,292
Soft cheese 100 g 3,7 0,3 0,5 i 11,4
Soft cheese 21 g 0,777 0,063 0,105 0,21 2,394 3,549
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According to figure 9 the Dutch population eats an average of 21 g cheese daily. If this is hard cheese
the vitamin K2 intake is approximately 5ug/day- if it is soft cheeses- the intake is in the range 3-4
ug/daily per capita.

Very few laboratories analyze food samples for vitamin K1 and menaquinone content. As previously
referred to, Dr. Schurgers et al has published a list of vitamin Ks in 51 food and drink products. These
analysis are also part of a large population based study in the Rotterdam area in the Netherlands'.
Dietary information from 5435 healthy subjects has been collected, and the various foods have been
analyzed for vitamin K content using standard HPLC method.

Vitamin K as Kl{phylioguinone} and vitamin K2 as MK-4 and sum of MK- 5 to MK-8
in the Dutch population enrolled in the Rotterdam study - a total of 5435 subjects
(healthy men and women )
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It can be seen from fig 10 that the adult population in the Rotterdam area consumes an average of
20 ug/day of the higher menaquinones — MKn (sum of MK-5 to MK-8). In addition they consume
approximately 7 ug MK-4/day. Thus this cohort of people consumes 4-5 times as much
menaquinones from cheese as the average cheese consumption/capita.

Conclusion
The evaluation of menaguinone intake from a diet of small amounts of cheese (44% of annual
consumption per capita) and one egg in the US states that:

¢ All forms of menaquinones — from MK-4 through MK-8- is present — and has been present
for very many years in high volume dairy products in the US market

e The average US citizen consumes all forms of menaquinones — from MK-4 through MK-8 in
ordinary cheese products. MK-8 concentration is especially high compared to the other
menaquinones.

e Estimates of the amount of menaquinones in American dairy products — included eggs- show
that the US citizen consume about the same amount of these vitamin K2 derivatives (MKn) as
Dutch population

e Alarge population based study from the Netherlands- the Rotterdam study — show that
adults consume 4-5 times as much menaquinones of all types compared to the US average
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citizen. No adverse effects from eating such food products have been recorded- on the

contrary- the higher the consumption of menaquinones in this study, the better
cardiovascular health.

e Table 9 summarizes the findings based upon official statistics and published studies.

féi)le 9

Dietary intake Menaquinone from cheese

MK-4 MK-5 MK-6 MK-7 MK-8

ug ug ug ug ug
US: 44% of annual cheese consumption 0,76 0,36 0,13 0,21
Netherland: 21 g soft cheese 0,99 0,32 0,17 0,27
Netherland: 21 g hard cheese 0,78 0,06 0,11 0,21
Rotterdam study: Average consumption 7

Menaquinones from Natto food

Total Vit
K2
2,67 4,13
3,55 5,30
2,39 3,55

20

Natto food has a very long tradition in Asia and especially in Japan, where it has been consumed for

hundreds of years. Many commercial products are on the Japanese market. Natto food contains

about 1,4% MK-8 (personal communication Prof C. Vermeeer). This means that MK-8 has been

consumed in relatively large amounts also in Japan.

Table 10 shows references to studies using commercial Natto products where the content of MK-7

has been analyzed.

Table 10 MK-7 Content In Commaercial Natto Products Sold in Japan

Reference Matto product

Schurgers, U Thesis, 2002, p. 37 Uinknown, produst fom

st permadeet Magst oy
Sunvdd, H, 1999, Food S¢i Terh Resvol & {5 <ubuihs Megagno straln
Tsukamoto et al 2000, J.Health Sci 46 Natto from Asahi Freshia Co Ltd
Tsukamoto et al 2000 ) Bone Min Meta Natto from Asahi Freshia Co Ltd
Kanki et al 2001.Nutrition vol 17 Natto from Shoujikimura Ltd
Katsuyama et al 2004 ) Nutr Sci Vitam 50 Natto - unknown source
Kamao en al 2007 J Nutr Sci Vitaminol Natto - unknown source
Isobe,et al: Ratte and vitamin K. in Basic and Clindoal Aspoats of 19 different commercial Natto
izpanese Traditiona! Food Natto, £0 Sumd, Hiroyuki. Page 73-82. products (average MK-7 value)

1995, Japanese Technology Transter Association,

1y MK
TG0
Matto

BTN

865
775
1398
900
939
1186

Fig 11 shows the distribution of MK-7 content in 19 different commercial natto food products sold in

Japan®?.
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200 - MK-7 content { ug/100g )in 19 different natto products
measured by the samg laboratory and with same method.
Isobe et al.

2000

1450

1000

500

The average MK-7 content is approximately 1100 pg/100 gram Natto. Intake of MK-7 from one
serving of Natto (which is approximately 40 g to 50 g) has been estimated for different body weights.
Body weights were estimated from several published Japanese studies, including persons in the
Japanese Population-Based Osteoporosis (JPOS) study *. Low body weight men (65 kg) are
comparable to high body weight women (65 kg), while average body weight for Japanese women in
) several studies (see also lkeda et al., 2006) is set to be 55 kg. The resulting daily intakes of MK-7 in
g ug/kg body weight are shown in Fig 12

Estimation of ug MK-7/body kg for Japnese
male or female eating 50 g or 40 g of Natto food
containing 1100 ug MK-7/100g

No adverse effects have been reported from daily Natto consumption in hundreds of years.
Furthermore, the safety of Natto has been evaluated by the National Institute of Health in Japan.

006087.010
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Safety Evaluation of Natto by Japanese Authorities

The National Institute of Health in Japan has evaluated the safety of the Natto product “Kinnotsubu”,
containing 650 pg MK-7/50 g (http.//hfnet nih.go jp/contents/detail405.html).

Unofficial summary translation:

“[Human test]

Twelve (12) healthy adults (age 29 to 50) took 150 g portion of the Natto (equivalent to 1.95 mg/kg
body weight/day MK-7) for 7 days. Serum parameters and coagulating system parameters have not
been changed compared to the values before starting this test.

[Animal test]

(Acute toxicological study)

LDsg of this Natto is over 2000 mg/kg. (which is equivalent to 26 pg MK-7) in 5-week-old male rats.
(Subchronic toxicological study)

Four-week-old male and female rats were used. Each group were divided into groups (n=5) tested for
13 weeks Result: No animal was dead and behaved abnormally. Examinations of haematology and
biochemistry values in blood and urine revealed no abnormality. Also, any histopathological
abnormality has not been seen. Thus, none toxicological dose of this Natto was concluded to be over
1000 mg/kg body weight/day (which is equivalent to 13 pgrkg body weight/day MK-7).”

Menaquinone -7 from NattoPharna - branded as MenaQ7

The product MenaQ7 is routinely checked for content of menaquinones and several other potential
components like heavy metals, toxins, bacteria, mould, yeast etc. See appendix 1 and 2 for full
technical product descriptions.

Of special interest is the content of menaquinones. Menaquinones are analysed using a HPLC
method, a method which gives the full range of different menaquinones. Each batch of MenaQ7
products is analysed for content of menaquinones, and specifications are set accordingly. Fig shows
the content of MK-7 and MK-6 in 25 different batches of the MenaQ7 P-1000 product. No other
menaquinones are detected in the MenaQ?7 products but MK-7 and

The content of MK-6 and MK-7 in MenaQ7 Powder formulation P-1000 product is shown in Fig. 13

Batch-to-batch variation in Menaquinone-6 and
Menaquinone-7 for the product MenaQ7Powder P-1000

1200
1000

300

e e BAK
500 i 1K -7

400
2G0

Batch number
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Fig 14 shows the content of MK-6 and MK-7 in MenaQ7 Oil formulation M-1500 product

Batch to batch variation for MK-7 and MK-6 in
MenaQ?7 Oil M-1500 product

13040
1600
1400
1200
1000 o e NAK =7 ug
300 e WIK-6 ug
GO0
SO0

o

PP Poome, s’ o

ug MK

Both figure show small batch to batch variation — and with 1,4-3,4 % of total menaquinone content
representing MK-6 . The data in these two figures are also tabulated as Tables 11 and 12.

Table 11: Batch to batch variation for MenaQ7 M 1500 oil product.

MenaQ7 M-1500 QOil

Lot No
MK-7 ug MK-6 ug

030724-1 1493,8 53,1
041203-1 1539,7 422
050728-1 1559,2 26,8
060223-1 1511,2 31,0
060303-1 1510,4 30,6
060609-1 1529,5 27,0
060908-1 1534,6 29,4
061006-1 1508,5 26,6
061122-1 1519,1 28,3
070208-1 1544 1 27,5
070316-1 1521,5 27,5
070530-1 1573,5 29,0
070612-1 1501,3 25,7
070801-1 1539,2 30,6
070809-1 1560,0 29,7
071012-1 1515,8 24,6
071217-1 1517,6 29,1
080116-1 1529,4 26,7
080416-1 1513,8 257

060087 018
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Table 12:

Batch to batch variation for MenaQ7 P 1000 powder product.

MenaQ7 P 1000 powder

Lot No
MK-6 ug  MK-7 ug
041213-1 19,7 1032,6
041025-1 27,6 992,1
05.0411-1 15,4 1041,4
050613-1 19 1040,3
051108-2 20,6 1018,4
050822-1 21,1 10146
051108-2 20,6 1018,4
060116-1 20,1 1031
060301-3 19,9 1056,9
060417-1 19,2 1012,8
060928-3 15,9 1053,2
061018-3 15,3 1038,5
061019-3 16,9 1023,9
070115-3 17,9 1056,2
: 070117-3 18,9 1070,7
070206-2 19,2 1046,6
070206-3 18,8 1066,7
070424-3 16,7 1000
070619-1 17,1 1039,3
070823-3 245 1035,3
070906-3 21,3 1064,9
070818-3 17,6 1065,5
071003-3 17,8 1094,5
071112-1 14,3 10171

071122-3 15,5 1072,5



Attachment A: Menaquinones in the US diet — for FDA - 210808

PARTIAL LIST OF REFERENCES

Buzby, J. Amber Waves — The Economics of Food, Farming, Natural Resources, and Rural
America.

Geleijnse, J.M., Vermeer, C., Grobbee, D.E., Schurgers, L.J., Knapen, M.H., vander Meer, |.M.,
Hofman, A., Witteman, J.C., 2004. Dietary intake of menaquinone is associated with a reduced
risk of cornary heart disease: The Rotterdam Sutdy. J. Nutr. 134, 3100-3105.

lkeda, y., Iki, M., Morita, A., Kajita, E., Kagamimori, S., Kagawa, Y., Yoneshima, H., 2006. Intake of
Fermented soybeans, natto, is associated with reduced bone loss in postmenopausal women:
Japanese population-based osteoporosis (JPOS) study. . Nutr. 136, 1323-1328.

Isobe, et al., 1995. Natto and vitamin K in basic and clinical aspects of Japanese tradition food Natto.
Ed. Sumi, Hiroyuki. Japanese Technology Transfer Association. P. 73-82.

Schurgers, L.J., 2002. Thesis: Studies on the role of vitamin K1 and K2 in bone and cardiovascular
disease. Chaper 2.1: Determination of phylloquinone and menaquinones in food. Effect of food
matrix on circulating vitamin K concentrations. University of Maastericht, Unigraphic, Univesiteit
Maastricht. I1SBN 90-5681-138-X.

Vermeer, C. Personal Communication.



Attachment A: Menaquinones in the US diet — for FDA - 210808

Attachment 1:

- A L PRI . . N 7, -
N TS DR TN K2 2 I T3 IV I AT

EREN

REF: L. Schurgers 2002: Thesis, Maastricht University
Table 1: K-vitamins {ug/100 g) in various foods

- Means NOT detectable

Type of food n=samples Ky MK-4 MK-5 MK-6 MK-7 MK-8 MK-9 MK-10
Beef 7 0.6 11 - - - - - -
Chicken 7 - 8.7 - - - - - -
Pork 7 03 21 - - - - - -
Animal liver 7 0.2 03 - - 0.5 1.1 - -
Hare 7 4.8 0.1 - - - - - -
Deer 7 2.0 0.7 - - - - - -
Goose 10 4.1 31 - - - - - -
Duck 7 1.9 3.6 - - - - - -
Whole milk 6 0.5 0.8 0.1 - - - - -
Skimmed milk 6 - - - - - - - -
Buttermilk 6 - 0.2 0.1 0.1 0.1 0.6 1.4 -
Whole yoghurt 6 0.4 0.6 0.1 - - 0.2 - -
Skimmed yoghurt 6 - - - - - 0.1 - -
Whipping cream 6 5.1 5.4 - - - - - -
Margarine 6 93.2 - - - - - - .
Butter 6 149 15.0 - - - - - -
Chocolate 6 6.6 15 - - - - - -
Corn ol 6 2.9 - - - - - - -
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Sunflower oil 6 5.7 - - - - - -
Olive oil 6 53.7 - - - - - -
Hard cheeses 15 10.4 4.7 1.5 0.8 1.3 16.9 51.1
Soft cheeses 15 2.6 37 0.3 0.5 1.0 114 39.6
Curd cheese 12 03 04 01 0.2 0.3 5.1 18.7
Eggyolk 8 2.1 31.4 - 0.7 - - - -
Egg albumen 8 - 09 - - - - -
Prawn 7 0.1 - - - - - -
Mackerel 7 1.2 04 - - - - -
Herring 7 0.1 - - - - - -
Plaice 7 - 0.2 - 0.3 0.1 1.6 -
Eel 7 0.3 1.7 - 0.1 0.4 - -
Salmon 7 0.1 0.5 - - - - -
Kale 3 817 - - - - - -
Spinach 3 400 - - - - - )
g
Broccoli 3 156 - - - - - -
Green peas 3 36.0 - - - - - -
Sauerkraut 7 25.1 0.4 0.8 1.5 0.2 0.8 11
Natto 5 347 - 75 13.8 998 84 -
Banana 4 03 - - - - - -
Apple 4 3.0 - - - - - -
Orange 4 0.1 - - - - - -
Rue bread 6 0.7 - - - - - -
Wheaten bread 6 11 - - - - - -
Sourdough bread 6 1.0 - - - - - -
Buckwheat bread 6 3.0 - - - 1.1 - -
Tea 4 0.3 - - - - - -
Coffee 4 - - - - - - -
S Orange juice 4 - - - - - - -
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All samples were assessed in duplicate, n stands for the number of different samples tested,
a hyphen for not detectable. Foods were bought from shops in and around Maastricht.

I Source: USDA/ERS, Livestock, Dairy, and Poultry Outlook.

2 pttp://www.ers.usda.gov/Amberwaves/lune03/Datafeature/

3 http://www.ers.usda.gov/amberwaves/february05/findings/CheeseConsumption.htm

* http.//www.ers.usda.qov/amberwaves/february05/findings/CheeseConsumption.htm

® http://future.aae.wisc.edu/data/

© . http://future.aae.wisc.edu/tab/sales.html

7 . http://www.ers.usda.gov/Data/FoodConsumption/FoodAvailSpreadsheets.htm#teqgs and
http.//www.unitedeqq.org/useqgindustry generalstats.aspx

8 Schurgers, Li: Thesis 2002: Studies on the role of vitamin K1 and K2 in bone and cardiovascular disease. Chapter: 2.1:
Determination of phylloquinone and menaquinones in food. Effect of food matrix on circulating vitamin K concentrations.
University of Maastricht. Unigraphic, Universiteit Maastricht . ISBN 90-5681-138-X. Also published in: L.S. Schurgers & Cees
Vermeer 2000: Determination of phylloquinone and menaquinone in food. Haemostasis, vol 30, p. 298-307

? Sakano, T et ol 1988 : Measurements of K vitamins in food by high-performance liquid chromatography with fluorometric
detection. In Vitamins, Japan; vol 62, no 8, p 393-398. Table 1 page 395

10 source: USDA/FAS, Production, Supply and Distribution Online Database; EuroStat Yearbook; US Census Bureau,
International Database; USDA/ERS, Livestock, Dairy and Poultry Outlook.

i Geleijnse, JM et al: Dietary intake of menaquinone is associated with reduced risk of coronary heart disease: The
Rotterdam study. J Nutrition vol 134, p. 3100-3105. 2004).

2 1sobe et al 1995: Natto and vitamin K. in Basic and Clinical Aspects of Japanese Traditional Food Natto. Ed Sumi, Hiroyuki.
Page 73-82. Japanese Technology Transfer Association

2 Ikeda, Y et al 2006: Intake of fermented soybeans, Natto, is associated with reduced bone loss in postmenopausal women:

Japanese population-based osteoporosis (JPOS) study. J. Nutr Vol 136, p. 1323-1328. 2006.
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Bioavailability of Menaquinones

Background and summary

FDA is questioning the toxicity of MK-7 and the traces of MK-6 which we can measure in MenaQ7
products from NattoPharma, as well as MK-8 found in certain food products. In this review we have
calculated the concentrations of the different MKs in clinical uses and compared the number of
molecules available in human bodies. Even if MK-7 has better bioavailability than the safe MK-4, this
will not lead to higher numbers of active MK-7 or MK-6 molecules which then may cause any
unknown toxic effects.

The effective doses MK-4 given in published clinical studies (45 mg/day- in some studies twice daily)
show that MK-4 provides 1460 times as many molecules as MK-7, and 65 000 times as many
molecules than MK-6. Even with lower MK-4 bioavailability compared to the other higher
menaquinones (MK-6, MK-7, MK-8), such excess numbers of molecules of MK-4 do not give any toxic
effects in animals or humans. This is also evident by the daily recommendations of 45 mg MK-4 which
supports a continuously high serum level without toxic effects. The lack of toxicity of MK-4 is further
supported in several toxicity studies in animals.

Introduction
Molecular weights and concentrations needed for same molar
concentration.

Doses in mg of different menaquinones
used to obtain 0,1 mMol of each

§
1
i
i

MK-4 MK-6 MK-7 MK-8

]
Fig.1 -

It can be seen that a much lower dose in mg is required for MK-4 to obtain the same number of
molecules as the higher menagquinones, especially MK-7 and MK-8. For example we need in 71,7 mg
MK-8 to get the same amount of molecules as in 44,4 mg MK-4.

In the following we have used the molar concentrations of the different vitamin K2s. This is a much
more relevant concentration measure than milligrams/micrograms when considering biological

006087.025
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activities and effects. We know that activation of the vitamin K dependent proteins (coagulation
factors, osteocalcin, MGP) is dependent upon the ring structure of the menaquinones molecule, and
not the isoprenic units attached to this ring. Thus when considering the biological effects of
menagquinones, the number of molecules are the most important as there is a dose-response effect
on the carboxylation of the proteins (see figures 5 and 6).

Clinical applications

Molar concentrations of various menaquinones in clinical use

Fig 2 and Table 1 shows the concentrations in micro moles (uMol) used in clinical studies (MK-4) ,
recommended dose of MK-7 (ref Rotterdam study), and what is found in 100 grams of hard

cheese.
Fig 2.
uMol MK-4 in clinical studies (45 mg),
uMol MK6 and MK-7 in 45 ug MenaQ?,
and uMol MK-8 in 100 g cheese
120,000 4 101,203
100,000 -
80,000 -
60,000 - i
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20,000 4 -~ 0,002 0069 0022
// - L
0,000 ¥ 1 ; {
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BEST ORIGINAL COPY
Table 1
_Menaguinone MW . Conc.in Comments . .. . - . Ratio.. ..
S e o0 E [ MK4/MKYI .
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As can be seen there are 1460 times more molecules MK-4 than MK-7 in the applied clinical dose
for MK-4, while the ratios for MK-4/MK-6 is more than 65 000. MK-4 used in clinical studies with
no adverse reports published also represents 4500 times higher numbers of molecules than the
amount of MK-8 found in 100 grams of cheese.

Considerations enhanced biocavailability of MK-7 compared to MK-4.

When considering bioavailability one must study both absorption and serum half-life. In Fig 3 (ref
internal report) it can be seen that at the same ug concentration (500 ug/m |- molar difference: MK-4
1,45 times as many molecules as MK-7) of the three K-vitamins K1 (phylloquinone), MK-4 and MK-7,
their initial absorption is the same. However, the serum half-life of MK-7 is about 96 hours, while
that of both K1 and MK-4 is 1,5 to 2 hours.

25 1

[N — '\)
(@ (&)} o
1 ! 1

Vit. K in serum (ng/mL)
(&)

o
Cf\

LS T 3 T T 1

20 40 60 80 100
Time after ingestion (h)

o

Absorption profiles of K1 (m), MK-4 (A) and MK-7 (©). Error bars represent standard deviation.

Design of Absorption Study

An open study among 15 volunteers receiving a mixture of Konakion {Roche, source of K1),
Menatetrenone (Eisai, source of MK-4) and MenaQ7 {J-0il Mills, source of MK-7} in 2 mL of sunflower
oil. The final concentration of all vitamins was 500 pg/mL of oil. All participants arrived at our
institute in a fasting state and received 2 mL of the K-containing oil together with a standard
breakfast consisting of rolls, butter and jam. The total fat content of the breakfast was estimated to
be 30 g. Blood samples were taken at time =0, 2, 4, 6, 8, 24, 48,72, and 96 h. All samples were
analysed for vitamin K by standard HPLC analysis.

Several NattoPharma studies have revealed a 6-10 times better bioavailability of MK-7 compared to
MK-4 similar to that found in comparing MK-7 to phylloquinone (Schurgers, L.J., Teunissen, K.J.F.,
Hamulya, K., Knapen, M.H.J., Vik, H., Vemeer, C., 2007a. Vitamin K- containing dietary supplements:
Comparison of synthetic vitamin K1 and natto-derived menaquinone-7. Blood 109, 3279-3283).

The clinical, non-toxic dose of 45mg MK-4 gives a 0,1 mMol concentration while a 45 ug MK-7 dose
gives a 0,00007mMol MK-7 concentration. Even if MK-7 has a bioavailability that is approximately 10

0006087, 027
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times more effective than MK-4, the total concentration of MK-7 still does not reach the levels
obtained with MK-4. In addition 45 mg MK-4 is taken daily in published studies giving a constant high
supply of MK-4 which will counteract the rapid excretion of MK-4. Again given the abundance of MK-
4 molecules in daily 45 mg MK-4 use largely exceeds the number of MK-7 molecules.

Dose-response effects of MK-7

The recommended dose of 45 ug MK-7/day is based upon habitual dietary intake of food products
containing MK-7 contribution to favorable health effects (The Rotterdam study). The highest tertile
for natural consumption of MK-7 in this study was about 45-50 ug MK-7/day. However, NattoPharma
has conducted a MK-7 dose-response study looking at carboxylation of osteocalcin and MGP. This
study shows that the higher the MK-7 concentration the more protein is carboxylated. No adverse
effect was recorded in this study which included 360 ug MK-7/day as the highest dose. The results
shown in Fig 5 and 6 indicate that the body utilizes ingested MK-7 to optimize activation of these
important proteins with a clear dose-response way without reaching a steady state level within the
dose range applied.

Fig 5 and fig 6 show the correlation of serum level of MK-7 and carboxylation of osteocalcin (A) and
matrix Gla protein (B). See report attached for documentation.

[ e e e e e e e e — e

Correlation between serum MK-7 and ucOC

ucOC (ug/L)
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' “ { Correlation between serum MK-7 and ucMGP
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Conclusions:

Circulating MK-7 levels reflect tissue levels, where MK-7 is active in osteocalcin and
MGP carboxylation. In this respect MK-7 differs from K, and MK-4 both of which
show strongly fluctuating serum levels, dependent on recent intake. MK-7 with its
long half-life time builds up more stable serum levels, and here we demonstrate the
direct correlation between serum MK-7 and tissue vitamin K status.
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Background:

Vitamin K is a fat-soluble vitamin which has a very specific function. It activates so-called
vitamin K-dependent proteins in an enzymatic reaction called carboxylation. Scientific evidence
shows that this vitamin K-dependent carboxylation exist for centuries, as vitamin K-dependent
proteins have been found in all kind of fossils (eg dinosaurs). In all mammalians, vitamin K-
dependent proteins are all in an activated (carboxylated) form. However, exceptions are
humans. Because sufficient evidence has been provided in the literature vitamin K is safe as
stated by the FDA: “vitamin K has no upper tolerance level”.

Six proteins involved in the blood coagulation cascade are synthesized in the liver in a vitamin
K-dependent way. The step that is catalyzed by vitamin K is a carboxylation reaction which
introduces calcium binding sites (Gla-residues) in these clotting factors which render these
factors their biological activity. Severe vitamin K-deficiency will thus result in a bleeding
tendency; experimental animals on vitamin K-deficient food may even bleed to death. The
“western” diet contains a diversity of sources of vitamin K and is adequate to support a normal
haemostasis. Dietary vitamin K-deficiency to the level of increased bleeding tendency is not
seen in healthy subjects, only in patients with severe fat malabsorption such as in bile
obstruction. The liver is capable of extracting vitamin K from the blood stream with very high
efficiency and takes what is required for the production of fully carboxylated (i.e.: fully active)
clotting factors.

Thus, we do not have problems with the clotting system. All recommendations are made on
hepatic requirement only. However, we and others have clearly shown that the extra-hepatic
tissues require more vitamin K. During the last two decades it has been clear that vitamin K is
also needed for other physiological processes than blood clotting, including correct
mineralization of bone and inhibition of vascular calcification. Unfortunately, the vitamin K
requirement of bone and the vasculature is not met by the dietary intake, and in the normal
“western” diet, vitamin K supplements are required for optimal bone and vascular health. The
choice is between vitamin K1 (phylloquinone; synthetic) and K2 (menaquinone). Whereas K1 is
primarily targeted to the liver, K2 is equally transported to liver and extra-hepatic tissues such
as bone and arteries. So K2 is the product of choice to be used in supplements and functional
foods. Within the group of K2 vitamins (menaquinones) we differentiate between the short
chain menaquinone-4 (synthetic) and the long chain menaquinones (found at high
concentrations in cheese, curds, sauerkraut and natto).

06G087.031
FDA paper — Dr. Leon Schurgers 210808 1
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Attachment C: Safety of Menaquinones by Dr. L.Schurgers - for FDA 210808 2

Adverse effects of extra vitamin K on clotting:

Among those who are not familiar with the molecular mechanism of vitamin K action, it is often
suggested that increased intake of vitamin K would lead to increased blood clotting, i.e. to an
increased thrombosis tendency. That is not true. Incompletely carboxylated clotting factors
have never been found in healthy subjects, so the carboxylation of the clotting factors is
complete. Extra carboxylation events are not possible (the mechanism is shut off automatically
after a well defined number of Gla-residues have been formed); and even if “super-
carboxylated” clotting factors could be formed, they would bear extra negative charges leading
to distortion and inactivation of the molecules. Only in the case of patients using vitamin K-
antagonists (coumarin derivatives, oral anticoagulants) all forms of vitamin K will directly
interfere with the therapy.

Since the long chain menaquinones have many advantages over the short chain ones (and K1)
products like MenaQ7 (menaquinone-7, the K2 from natto) have recently been introduced in
several countries. A number of long- and short-term studies are in progress and some of these
studies have been completed at this time. Because of the safety concern expressed by certain
regulatory authorities, we have started to monitor the thrombosis tendency in all studies
initiated after January 1, 2007. The test we use is the “thrombin generation curve”, showing
longitudinally the progress of thrombin generation in a plasma sample after activation. Two
variables are used to quantify the thrombosis tendency of the donor: the Area Under the Curve
known as the Endogenous Thrombin Potential (ETP, i.e. the total amount of thrombin that can
be formed during a certain period of time) and the thrombin peak height (the maximal amount
of thrombin that can be generated in the peak). These are well-established techniques the basis
of which was formed by the group of Hemker at the Maastricht University. The ETP provides
the most accurate and sensitive method of assessing the thrombosis risk. In this report we
describe the potential affect of MenaQ7 on the thrombosis risk in children and in adults. The
protocols for the complete trials has been detailed in the study reports of the VitaKids study
(June 6, 2007) and of the Dose-finding study (December 4, 2007).

There is no theoretical basis for the assumption that vitamin K (in whatever form) may increase
the risk of thrombosis in healthy subjects. MenaQ7 (menaquinone-7) belongs to the K2
vitamins, which are abundantly found in cheese (mainly menaquinone-7, -8, and -9). Here we
have demonstrated that indeed high doses of MenaQ7, rich in menaquinone-7 (and thus
including menaquinone-6) do not increase the thrombosis tendency. This has been
demonstrated previously for very high doses of vitamin K1 (10 mg/day during 2 years; 220x
higher) and menaquinone-4 (45 mg/day during 3 years; 1000x higher).

The reason why it is not to be expected that vitamin K will increase the thrombosis risk (except
in patients on oral anticoagulant therapy) is that all the vitamin K-dependent clotting factors
are exclusively synthesized in the liver, and the liver is capable of extracting vitamin K from the
blood stream with very high efficacy. Therefore, all vitamin K-dependent clotting factors are

FDA paper — Dr. Leon Schurgers 210808 2
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Attachment C: Safety of Menaquinones by Dr. L.Schurgers - for FDA 210808 3

fully carboxylated (activated) in all subjects (except in severely sick patients). More
carboxylation events (if possible at all) would only lead to the introduction of extra negative
charges in the clotting factors and to distortion of their tertiary structure.

The safety issue has been and will be monitored scrutinously in all MenaQ7 trials, but a
substantial body of evidence demonstrates that the product is safe for use in the general
population. Other studies have demonstrated significant health benefits of long-chain
menaquinones; therefore the wide availability of vitamin K2 may have a significant contribution
to public health. As an extra note, we tested MenaQ7 as the product providing menaquinone-
7, thus we automatically tested MK-6 (6% of the MenaQ7 product) safety.

High doses of vitamin K

A number of intervention studies have been published testing the effect of K1 on bone. A
general trend is that K1 (in ranges between 250 ug up to 10 mg/day) improves osteocalcin
carboxylation. In non of these studies a (negative) side effect was reported. In a large number
of Japanese studies, K2 (invariably MK-4; menatetrenone) has been tested in high doses
(generally 45 mg/day). With these doses, vitamin K is not used as a nutritional supplement, but
as a pharmaceutical drug. Obviously, the extremely high K2 intake resulted in maximal
osteocalcin carboxylation. Menatetrenone is now used for over 20 years, and no negative side
effects were ever reported. In a randomized placebo-controlled vitamin K2 intervention trial
among 340 Caucasian postmenopausal women, conducted by our group, K2 (45 mg/day during
3 years) confirmed these Japanese results: MK-4 induced a significant activation of osteocalcin,
improved bone strength and did not have any side effect.

060087.033
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All K-vitamins are taken up by the food, and absorbed in the intestines. These are all
contribute to the vitamin K-status. The bacterial flora in our intestines produce also K-
vitamins (menaquinones only, mainly MK10 and higher). The contribution of these to our
vitamin K-status is not know, and if any low.

MK-7 from MenaQ?7 is absorbed (in the intestines) equally well as MK-4, but it has a longer
half-life time. This result in a longer presence in the circulation, and in a 6-8 fold higher
efficacy in vivo (measured by the osteocalcin carboxylation). So data on 45 milligrams per
day of MK-4 could be translated into about 5.5 milligrams per day of MK-7. Here we are not
discussing milligrams but 20 or 50 micrograms, which is 100 fold less.

The suspected toxicity of MK-6 and MK-8 is not likely. One has to remind that vitamin K2
stands for a whole range of menaquinones, all of which are of bacterial origin. The diverse
food items in our diet all contribute to the total intake of about 28 pg of K2 per day (in the
Netherlands). Meat and eggs supply MK-4, and a wide variety of other foods supplies the
range of menaquinones 6 through 10. MK-8, for instance, is present in cheese at an average
amount of 16 pg per 100 grams. It is obvious that this dose is not toxic. The MK-8 content of
MenaQ?7 (natto-derived MK-7) is about below detection limit; thus no MK-8 will be supplied
to people taking MenaQ7.

The total K2 content of cheese is about 50 ug/100 g

The discussion about possible toxicity of MK-7 or other forms of menaquinone is not based
on our current understanding and scientific output of research. The only point of concern is
the potential interference of K-vitamins with oral anticoagulant treatment. In the past we
have calculated that vitamin K1 from supplements below 100ug/day is not interfering with
OAC. Moreover, a follow-up on this study demonstrated that supplements with MK-7 below
50ug will not be interfering with OAC.

The comparison of MK-7 and MK-4 is based on the half-life of the two vitamins. MK-4 has a
half-life of 1 hour, whereas MK-7 has a half-life of 3 days. In a small study conducted in
collaboration with Japanese researchers we found a 6 fold better plasma level of MK-7
compared to MK-4. In terms of absorption, MK-7 is (on a molecular level) 1.5x better
absorbed (equally to the 1.5x better absorption compared to K1).

Consumption of MK6 or MK7 in food. One can easily notice that the major source for MK-6
and MK-7 (besides natto) is cheese and sauerkraut (both fermented food products). One
cannot consider these as toxic food items.

MK-6 is less lipophilic than MK-7, so the half-life is shorter. From my perspective MK-6 will
be less “active” compared to MK-7. Therefore the 6% content of MK-6 in the MenaQ7

D0GO8Y, 03¢
FDA paper — Dr. Leon Schurgers 210808 4



)fi'(

Attachment C: Safety of Menaquinones by Dr. L.Schurgers - for FDA 210808 5

product will be negligible. Moreover, by testing the MenaQ7 product, the safety of MK-6 is
already tested since it is present in the MenaQ7.

00087035
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For more products
Food name

Head up.

Format: natto

Net weight: 50 g x 3 Pack

Manufacturing or seller

(Shares) MITSUKAN

Address :475-8585, Nakamura town Handa, Aichi Prefecture, 2-6
Tel :0569-21-3331

Allow the actual area Allow the Year

The natto, natto bacteria (Bacillus subtilis OUVZ23487)the effect of vitamin K December 27, 2002
2, including a rich, bone calcium to help the bone protein (osteocalcin) to
enhance the work has been devised.

Appropriate Use

Per day, per pack to enj(;y am;asure KUDASAl (ﬁef pacl;age 50 g vitamiﬁ K 2 6t5~0fuv ;or more
contained)

¥ Instructions on the use of

None

Component involved in commenting on

[1 Involvement in the ingredients and mechanism of action
{Characteristics] component

Vitamin K 2 (menaguinone 7), vitamin necessary for blood clotting
known as natto bacteria, including many bacteria produce
electronic communication system as a component. Pale yellow,
plate-like crystals, melting point of 54 °C, soluble organic solvent,

L . . Involvement in th ctu
methanol fire melting, insoluble in water, light and bases for U tin the structure

of the component

instability.
O
[Mechanism] and effect . ' AN N
Osteoblast cells that produce a protein that is osteocalcin, l .
y-carboxylation (with the Gla) will be activated by the LN /L [’,,,{\ /\j\‘
4 N

y-KARUBOKISHIRUOSUTEOKARUSHIN (Gla of osteocalcin) wilbe I\ 75
converted. Calcium, to join the Gla of osteocalcin, followed by L

adsorption to hydroxyapatite and bone mineralization is in progress.

Vitamin K ;, osteocalcin y-carboxylation of a catalyst, working as a

coenzyme of carboxylase, osteocalcin, bone formation and promote

the Gla (1) (2).
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From:
(1) Price PA, Vitam Horm vol. 42, 65-108 (1985)
(2) Dictionary second edition of Biochemistry p. 1344 (1990)

[1 Involvement in the analysis component

In the extraction of vitamin K 2

Natto 12-15 g of distilled water, 200 ml to 30 °C, 150 rpm, 1 hour
thanks to the vibration. #&¥after the suspension of a 5 mi (no
beans), 2 - propanol 5 ml, n-hexane 6 ml, internal standard solution
(6.6 ppm vitamin K 1) 200 u | In addition to the traditional 20-minute
vibration.

Centrifuge to separate water and oil in the reservoir to take a 4 ml.
Decompression thickener skipped after using a solvent, 2 -
propanol dissolved in 500 mi.

In the analysis of vitamin K 7

HPLC analysis at the following conditions (1) (2).

Use column: TSKge10DS-120T (p4.6 x 250mm)

Detection: UV (254nm), column temperature: 50 °C

Injection volume: 10 u |, solvents: methanol flow rate: 1.0 mi/ min

From:

(1) volume 8 number 62 vitamin 393-398 (1988)

(2) Volume 7, Japan 43 home economics Joumnal 643-648 (1992)
{3) Monthly Food Chemical 72-74 (1990)

Safety rating

[Human]} test
On the test system, 29 to 50-year-old able-bodied adults, 12, the intake, the natto (vitamin K 2, 1300 p

g/100g more than) 150 g / day. [Period] seven days of the natto (vitamin K 2, 1300 u g/100g or more).
[Result] drug for the treatment of osteoporosis (made by Eisai Co.: GURAKE) has been raised as a side
effect of serum-like components of change, the symptoms were not confirmed. Moreover, serum
clotting - before and fibrinolytic system of intake has been no significant change.

[Testing] and other animals

Study 1:

in the test series 5-week-old, male, SD-rat, two. [Intake] 2 mg / kg / day. [Period] seven days. [Resulf] of
the natto single oral dose of the rat is weak, LD sp is 2000 mg / kg and higher than estimated.

2
On the test system, Chinese hamster lung®#gland cell line used, one for each dose. On the added
amount, up to 5000 p g / ml. [Resulf] natto this group of chromosome abnormalities in the process of

induction was not clear.

000087.03¥
Research 3:
On the test system, histidine requirement of Salmonelia typhimurium TA, 100, Salmonella typhimurium
TA98 to use, two for each dose. On the added amount, up to 5000 g / plate. [Result] solvent
reversion control group compared to only increase the number of colonies trend was noted. However,



these positive criterion of the increase in solvent control group not to exceed twice the pole only to the
test article containing the amino acid release that significant reaction to that is unthinkable.

Study 4:

In the test series, 4-week-old, male female, SD-rat,#%five each, five female. [Intake] Up to 1 mg / kg /
day, period, 13 weeks. [Result] 1. Abnormal animals will not confirm the death of animals observed. 2.
Hematological tests, blood chemistry, blood coagulation test, urine test, also was not abnormal. 3.
Pathology tests in finding the naked eye is abnormal and pathological findings were not observed.
Therefore, this non-toxic amount of natto is the rat 1000 mg / mi / day greater than was thought.

Effectiveness assessment

[Human] test

Study 1:

In the test series] 26 to 50-year-old healthy adult men, each group of eight, the intake of] 50 g/ day.
[Period] seven days. [Result] 100 g per MK-7, respectively 864 u g (normal natto), 1295 u g (the natto)
and 1727 u g natto to contain 50 g / day each week intake and ingestion ago, 1 and 7 days after
ingestion of a biood sample from the Serum concentration of MK-7, y-Gla-OC concentration, un-OC
concentration, general biochemical marker of the results of measurements of changes in concentration,
1. Serum concentration of MK-7, all of the group take before intake 1 and 7 days aiter ingestion
compared to a significant rise in the concentration-dependent increase in the concentration of MK-7.
(Both p <0.001) and seventh day of the usual intake group compared with natto, the natto intake
systems and the MK-7: 1727 4 g-containing natto intake group in the significant increases in (the natto:
p <0.05, 1727u g-containing natto: p <0.001). 2.y-Gla-OC level, compared 1o the previous intake natto
and MK-7: 1727 p g-containing natfo intake increased significantly after 7, 2007 {(both p <0.05).
3.un-0C level of the previous intake than MK-7: 1727 u g-containing natto, seven days after ingestion
of a significant decline (p <0.05). 4. MK-7: 1727 u g natto intake-containing Ca seven days after the
serum concentration than the previous intake increased significantly (p <0.05). 5. MK-7 natto intake
seven days after the intake of serum ALP activity increased significantly compared to before. (P <0.05)

(1
2: %@@08?03?

in the test series] 20 to 40-something-year-old able-bodied adults, three groups, each group of 13
peopie attribute (gender, age) and equipped. [Intake] 50 g / day. {] 14 days. [Resulif] 100 g per MK-7,
respectively 865 y1 g (normal natto), 1295 y g (the natto) and 1730 u g natto to contain 50 g / day for 14
days each intake and ingestion ago, 7,10 and 14 days after ingestion of blood Serum collected the
MK-7, y-Gla-OC results of measurements of changes in concentration,

1. Serum concentration of MK-7, natto intake of any group in the previous intake increased significantly
compared to (Student’s t-test, Paired t-lest: both p <0.001). in addition, three significant difference
between groups was observed (one-way ANOVA p <0.001). Usually natto and a comparison of the
natto and 1730 p g containing significant rise in natto (usually natto: Student’s t-test p <0.05 ~ ¢.001
(All Time), one-way ANOVA p <0.05 (10,14 days ), 1730u g-containing natto: Student's t-test p <0.001
{All Time), one way-ANOVA p <0.05 (All Time)). 2. Serum concentration y-Gla-OC, 14 days after
ingestion of three significant difference between groups was observed (one-way ANOVA Tukey: p
<0.05). Also, between the two groups in the ingestion natto are generally 14 days, as compared to the
natto and 1730 u g containing significant rise in natto has been confirmed (both co-natto, Student's
t-test p <0.05, Paired ttest p <0.05). 3. intake and non-y-Gla-OC serum concentration in comparison,
are usually natio intake 7,10 and 14, before and after they ingested significant than the rise was not



admitted to the natto And 1730 p g containing natto, the intake of 7,10, and 14 days before the intake
of all significant rise compared to confirm that (the natto: Student's t-test p <0.01 (7 days), p <0.001
(10, 14 days) Paired t-test: p <0.01 (7 days), p <0.001 (10,14 days), 1730 u g-containing natto:
Student's t-test p <0.05 (7,10 days) , P <0.001 (14 days) Paired t-testp <0.01 (7,10 days), p <0.001 (14

days)) (2).

From:
(1) Tsukamoto Y., et al., J Health Sci, Vol. 46, 317-321 (2000).
(2) Tsukamoto Y., et al., J Bone Miner Metab, Vol. 18, 216-222 (2000).

[Testing] and other animals

Study 1:

In the test series] 6-week-old, Wistar female rat system, each group of six to seven, the intake of] 10 g/
day refinery standard diet (MK-4, MK-7 Zone is the addition of a prescribed amount of powder-
containing) Free intake. [] 24 days. [Resulf] rat rat using sham surgery (Sham), spayed rat (OVX), MK-4
equivalent to the weight used to treat osteoporosis if the same amount to be ingested to the OVX (OVX
+ MK - 4), MK-7 and MK~4 equimolar to be ingested and the OVX (OVX + MK-7) after raising serum
MK-4, MK-7 level, the thigh bone of MK-4, MK-7 content, serum y-carboxylated osteocalcin (y-Gla-OC)
concentration, the thigh bone of y-carboxylated osteocalcin {y-Gla-OC) content, dry weight of thigh
bone, thigh bone measurements of changes in content Ca Results: 1. Serum MK-4, MK-7 is about
concentration, Sham, OVX than OVX + MK+4, OVX + MK-7 in each MK-4, MK-7 level is significantly
increased. And MK-7 addition Sham, OVX MK-4 compared to a significantly increased level (both p
<().01). Two. Bone-MK-4, MK-7 is about content, Sham, OVX than OVX + MK-4, OVX + MK-7 in each
MK-4, MK-7 content is significantly increased. And MK-7 addifion Sham, OVX TOBE MK+ with a
significantly increased content (both p <0.01). 3. I-Gla-OC serum concentiration is about, Sham, OVX
than OVX + MK-4, OVX + MK-7 is the average value rose significanily. 4. Dry weight of the femur, OVX
than OVX + MK-4, MK-7 in the recovery trend. 5. Femur bone Ca content of the coriex, OVX than OVX
+ MK-7 in the bone Ca content increased significantly (p <0.01). 6. Femur bone Ca content of the
cavernous, OVX compared, OVX + MK-4, MK-7 in the bone Ca content increased significantly (both p
<0.01) (1).

) 000087040

In the test series] 6-week-old, Wistar female rat system, each group of six to seven, the intake of] 10 g/
day refinery standard diet (natio-containing freeze-dried powder) intake of freedom. [} 77 days. [Result]
rat rat using sham surgery (Sham), rat ovariectomy (OVX), OVX Usually natto (MK-7 content: 864 p
g/100g) to 50 g / weight 60 kg / day and be ingested the OVX (OVX + MK-7 x 1), MK-7, including a
1727 u g/100g natto intake to his OVX (OVX + MK-7 x 2), MK-7, including a 4318 p g/100g natto intake
to his OVX (OVX + MK-7 x 5) raised the long-term serum after MK-4, MK-7 level, y-Gla-OC
concentration, the thigh bone of MK-4, MK-7 content, y-Gla-OC content, thigh Dry weight of bone, the
femur bone mineral content and density of the femur bone, thigh bone Ca results of measurements of
changes in content, 1. Serum concentration of MK-7, Sham compared with natto, including MK-7 plus
all OVX groups increased significantly (p <0.01). Also, OVX + MK-7 x 5, sham, OVX MK-4 compared to
a significantly increased level of (anti-Sham p <0.05, versus OVX p <0.01). 2. Bones in the MK-4
content, MK-7 plus all, including Natto OVX groups Sham, OVX MK-4 content compared to a
significantly increased {both p <0.01). 3. I-Gla-OC serum concentrations, OVX compared, OVX + MK-7
x 5 in significantly increased (p <0.01). 4. Thigh bone dry weight, OVX than natto, including MK-7 plus
all increased significantly in OVX group (p <0.01). 5. Femur Ca content in the spongy bone cortical



0 L80600

bone{ /X compared with MK-7 plus natto, including I OVX groups significantly increased. (P <0./ )
(1)

Research 3:

In the test series] 6-week-old, Wistar system, female rats, each group of six to eight. [Intake] 10 g / day
to measure the standard purified diet, MK-7 Zone is natto addition to the prescribed amount of powder-
containing freeze-dried) free food. [} 5 months. [Result] rat rat using sham surgery (Sham), spayed rat
(OVX), usually natto (MK-7 content: 864 u1 g/100g) to 50 g / weight 60 kg / day and be ingested the
OVX (OVX + MK-7 x 1), MK-7, including a 1295 p g/100g natto intake to his OVX (OVX + MK-7 x 1.5),
MK-7, including a 1727 p g/100g natto intake to his OVX (OVX + MK -7 x 2) raised the long-term serum
after MK-4, MK-7 level, y-Gla-OC concentration, the thigh bone of MK-4, MK-7 content, dry weight of
thigh bone, the femur bone mineral content , The femur bone density, thigh bone Ca results of
measurements of changes in content, 1. I-Gla-OC serum concentrations, OVX than QVX + MK-7 x 1.5,
OVX + MK-7 x 2, significantly Increased (both p <0.01). 2. Natto of MK-7 except to the natto-containing
dietary intake of OVX his case could not curb the decline. 3. Thigh bone dry weight, OVX than MK-7,
including OVX natto gave all groups increased significantly (both p <0.01). 4. Femur bone density, OVX
than OVX + MK-7 x 2 bones significant recovery in the overall increase was observed (p <0.05). 5. Ca
content of the femur bone cortex, MK-7, including natto OVX groups all gave a significant increase of
OVX + MK-7 x 1, as compared to OVX + MK-7 x 1.5 or more of Recovery is high (MK-7 x 1: p <0.05,
MK-7 x 1.5, MK-7 x 2: p <0.01) (2).

From:
(1) Yamaguchi M., et al., J Bone Miner Metab, Vol. 17, 23-29 (1999).
(2) Yamaguchi M., et al., J Bone Miner Metab, Vol. 18, 71-76 (2000).
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18 Aug. 2008

To whom it may concern;

We hereby report the acute toxicological test of vitamin K2 {(menaquinone-7) on

mice, which was conducted by Institute of Food Hygiene, Japan Food Hygiene
Association in 1996,

Attached file 1 is a translated report.
Attached file 2 is an original report.

(b)(6)

Toshiro SATO, Ph.D.
General Managet,

Fine Chemical Laboratory
J-OtL MILLS, INC.

009087043

J-OIL MILLS



Attached file 1

Acute toxicological test conducted in 1996

Experimental report

1. Aum of the test

Determination of acute toxicity (LD5H0)

2. Test sample
Extract of Bacillus subtilis natto (vitamin K 3500ppm): raw material of vitamin

K2 (menaqguinone-7)

3, Animal
Four-week-old male ddy mice

Divided into three groups (ten mice per group)
4. Bxperimental method

Oral administration: Healthy mice were selected. Afllor 18 hour-fast, test sample
which kept at 40 <C i¢ orally admimstered by stomach
catheter,

Dose of test, sample : Based on preliminary test, 50 mi/kg body weight (physically
maximum dose), 37 5mlkg body weight and 25 ml/kg body

weight is administered.

Conditions © Mice were kepl in an stable temperature and humidity
condition. After administration (day0), body weight was
measwred and general symptoms and life or death were

obhserved for 7 days.

5. Result
In every group, general symptoms were not abnormal for 7 days. Body weight,

mereased well, No mice was dead.

6! Conelusion

[t is estimated that LDS0 1s over 50 ml/kg of this extract of Bacillus subtilis natto.

G608, 084

J-OIL MILS



‘@}%@;’??ﬁ%
lg‘ ’wlé;;
5k

WLt
o GRS
Fe

00p pm) -

(3B (11 O B

W.»ﬁi B A o L ~ - >
I . . o - - . - o -

U015 B ALERU | SRR LR AR O KSORREOEOEE
~ RIS L 26, w5 VY F RN T A B ERE L

5 B PRI EOTINEL SRS S . SREGE A EAKEC S LB RIS
Bo0ml/ke. FLRY7. 5m) ke, 25. 0ml/kg. 03 HEERLERE L.

g W OB & M EEESORXGTHEEL. 5B 0 LTEEKOEELREL>D. THEM
~BEREIR R O OREEA B L -, OB BIEBERIZER .

\ BEST ORIGINAL COPY

ot

EBEL LIRS T BRI RRIEI 5 R 2 E Y, KON L CECRERD SN
@Z}X’J -
6. BE | | :
L LTRSS S R RMMEERBRINOL Dol 50 ne /s BLEENET S,
AL LR (R g RS S "v t T AN —,[z?‘w ' RE TR Cea

B D VN R s

000087 085

ropionie oot ot o (RS A b r BN R NS AN S e geed ooy W R RN e G R e e



e n
S s
A
LR NP S
&y %
Jemg
8908
ey
gl
Ry i
S e
N LI
P P

Attached file 2

ol
s

]

s

FRe s

RSN 215
e

ey
- ety
iR T

S,
Fr 4h
Y i

TR

g e o SR
2 PP NS
IR
%wi ;
6
_

SUrG I SERES
e 4

Sk WU et
L g el

A

et o 5

S WERE R
£ AL R

A

Fiat

PAachre 'y

S e w%

e

A
s
s
%
é

¢
I
TN
-

<

Eladbee
R
e N e

05

Pty

5

e

Hpi BEXE

AN
L

)
N

i

R
g

\ .S
i SRR

SR i

,W@m

S
RN
ey
ROt
¥
T

Ty B
R

P

2
P

BEST ORIGINAL COPY

37, 04l

¥

09

Py
s



7

T A P

LR 5 REAT O ARRRL L SEIMERS e ZBEL OISO BMMEEOEE
o R L s S, v =20 o PR BN T 4 R RS U . -

w85 B PEARCBONTIRELRERSS, ERDERASEEKRE I UHENEES
B0l ke, 087, 5m) Jke. 25, Oml/ke. OO SEETIE LIS L 12,

M E & EREEOXMTHEL. #5840 £ LTEREOKERNEL>D. THE
SRR ORI AR L e OBk B BRIZE A 2 .
000087, 0%1

“ — BEST ORIGINAL COPY

ERE LIRE® T HE—RIRECH SRR AR, RELIABICHDL TRCHEEDSH

st

ot

6. BE

LB SR BRI T BB L D oold. 50 ne /ke DUELHET 5.

P - " . .
% v . b R , . . . .
o < N N : >4
. & N e, . .
: ! Yo ’ - 7 5 .
oo¢ 2 e N . - N ’ :
. . 8 .
< < > ~
‘ PR
. .
© =, » B = e “ S
. 3 % o
‘ ' v B 3
N P N . . N P . Wb g e O 3
Gl WAl R AawiEt e RO AR B MR R e

frgaeton LU b el RS aw MY S 00 OROM A g R0 % e v B . g N



s v

i

5,

Attached file 2

S T
R ggm»{* SO
,w\g’ 3@3(; < *’]S (,<~>‘ N ::
q@’”ﬁw\}\\\)ﬁ} LNN
BT “7
B "gms

ot x,;} 3

&I&\M
ek Sh

g5

R
_,; «g;%g’ ;:,%@gé%@ % &
S é“a@:«

e
>\tw{« g

PN

G agh e s e B G ke mRTR e fo s haoteet o ¢ bed s

5
éﬁé&% e 2. 3 e«{w«g: *{é’ s »g«

SRR sl aa it i
%‘%} m«»ww«fg s R Gl A
H e PUATINO
Nww e % . <§~ N &g&fﬂ % e
My At ¢ bl
= 5{&M

5 S

Ay 3

bty Sl

SRR
g

& &
MGG e i 5 “u\“’” A L O
2 sl S ‘ K o
TR e
X BR By g n RN AR, P P LS 3§58 G A
R e & gﬁ PATRAINE AT g‘&,’wd@(&%@/v g »»miw% a«w*@%;sﬂww*‘w w M“? -
Dk AR 2‘\3;3 é“mﬁi‘,“‘é‘%’ LT ST s 02%/%4‘ wf*“é LN NAE N3y x».‘§ SRR bk ol
SO e iy TN e R, e T &@m«&&(‘ ««»««%mez \«Jé;e%gwi%\;gﬁ S ke AL
e PO NG/ § e PR T D B AL
LS G o kS - Gortign A ;‘&t}»\v sy 5«/0%‘1’»;“ 5
H £ N MR PRI NS 7 e SN
N b1y bl o N
by i G0 W TR AR S RO ERIY
Rt PRI P R - ST &fyig&l‘gm,
KON AN N GREUE A S
FEE 2 LR i e
- «»W et mmm i
oo T Y \s‘\ B ox
¢ «\, 57% \:\:’:;:“wx'x,wyc»é' VR’(’\\
|23 e 5

3

e wE: ’é‘?@“”g%‘ S S
i %‘;’%\,ﬂu') L0 0
S e e e '»WM
£ Hai gt .

)«M ot

@

o] LA
Vgsb* “‘«/?(

Bt e
) :'“5”55 572
< 4

:Iz' 7

il

”&(lix i /2""(“
WW ‘
4
e \‘Kﬁ‘?‘f «&4“
\\wsm

Sy
”v?,,,

3
2

Jesny

s;v:i
LV

0O00RT. OUS

BEST ORIGINAT COPY

W ve e e

i e et



Pages 000087.049 - 000087.169 have been removed in accordance with copyright
laws. Please see appended bibliography list of the references that have been removed
from this request.



Page 1 of 1

SV IR0

Anderson, Blondell

From: Richard Kraska [kraska@gras-associates.com]
Sent:  Friday, September 26, 2008 9:24 AM

To: Anderson, Blondell

Subject: NattoPharma

Blondell

Any progress with a meeting date? Also please note that the reference to Minaki on page 2 of my letteris
incorrect; it should be Mikami. The citation for the Mikami reference in Attachment E is correct.

Have a good weekend.

Richard C. Kraska Ph.D., DABT
COO and Co-Founder

GRAS Associates, LLC
216-470-7280

Fax: 239-514-0606
kraska@gras-associates.com

POGORY.170

9/29/2008
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Anderson, Blondell

From: Richard Kraska [kraska@gras-associates.com]
Sent: Thursday, November 06, 2008 11:56 AM

To: Anderson, Blondell

Cc: '‘Bob McQuate'

Subject: Additional Information for Meeting on MK-7

Attachments: Omaye MK pdf, Tyl Review Final.doc

Blondell

Here are two more resources for the toxicology review for the meeting scheduled for November 17.

1.Arev iew of the toxicology data on MK-4 by Dr. Rochelle Tyl. Dr. Tyl is especially knowledgeable in
reproductive toxicology and has some useful insights into the Mikami study which was of concern to FDA

reviewers in our conference call back in May.
2.Asho rt summary for Dr Stanley Omaye, University of Nevada, one of the original expert panel members
summarizing the basic reasons that MK-7 is GRAS.

Please distribute these to the toxicology reviewers. Let me know if you have any questions. Thanks again for
your help.

Richard C. Kraska Ph.D., DABT
COO and Co-Founder

GRAS Associates, LLC
216-470-7280

Fax: 239-514-0606

kraska@gras-associates.com

000088
11/12/2008
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Anderson, Blondell

From: Richard Kraska [rich@kraskaconsultants.com]
Sent:  Tuesday, November 11, 2008 9:20 AM

To: Anderson, Blondell

Subject: Meeting Monday

Blondell
Four questions for Monday:

1.lw ould like to manage the discussion with a PowerPoint presentation that summarizes the major points for
discussion. My recollection is that your conference rooms are all set up with computers and all | willi need

to do is bring the presentation on a memory stick. Please let me know if my assumptions are incorrect.

2.W hat do you recommend as far as handouts? | can make copies of the PowerPoint presentation for all to
take notes on. Do | need to have copies of the submission requesting the prenotice conference or will the
major reviewers already have those?

3.Arey ou expecting any additional FDA staff at the meeting?

4 W hich of the two buildings do we need to go to?

Thanks for your help.

Richard C. Kraska Ph.D., DABT
Kraska Consultants Inc.
216-470-7280

Fax: 239-514-0606
rich@kraskaconsultants.com

000089
11/12/2008
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GRAS Assessment of MK-7
NattoPharma ASA
Vita K
GRAS Associates, LLC

Toxicology Studies on MK-4

Study NOAEL
| Subchronic rat 30mgkg | Doretal, 1995
1 Year rat 20mgkg | Hosokawa st & , 1995
1 Year dog 200 mgkg | Vanatta et al, 1995
Ret rep! 1000 mg/kg | Mikamu st af , 1981
Rat reprofdevelopmental | 1000 mg/kg | Goloetal, 1986
| Mice reproduction 100 mghg | Suzuki et al, 1971
Rabiit deviopmenta 100 mgkg | Ohsum et al, 1986

Structure of K Vitamins

Molecular struciures K1, MK-4 and MK-7

. 1?{1‘2* Iy

U

TSNS S S
Mennsquinone4 Doutle bonds.
-
@)LI oH,
e T MW 444
GO,
T T A &
Mera 7
\
e ~ MW 649

GRAS Status

o GRAS Associates Expert Panel concluded that 50
ug/person/day MK-7 (DC = 17 ppb) is GRAS
based on the following evidence:

High doses (>45 mg/day) of the structurally similar
menaquinone MK-4 are used safety In clinical
apphcations
Adequate toxicology data available on MK-4
Significant levels of menaguinones are naturally
present in foods in US & in Europe
High levels of MK-7 consumed in Japanese diets
Clinical studies using MK-7 document absence of
harm at doses up to

o 1730 pg/day for two weeks

o 75 pg/day as long as 1 year

FDA Feedback on MK-7 Review

e}

FDA questions natural levels of MK-7 in the diet

as adequately supporting safety determination

o FDA questions the use of MK-4 data to judge the
safety of MK-7 due to differences in bioavailability
of MK-4 & MK-7

o Question raised about level of MK-6 in the product

o Clarification needed regarding MK-4 reproductive
studies, especially Mikami et. al., 1981

o Clarification needed regarding consumption of
MK-7 by subjects on anti-coagulant therapy

o FDA acknowledged that MK-7 has vitamin K

activity

Natural Levels of MK-7 in Foods

o Relevant information was summarized in
attachment A to our letter

o High levels of MK-8 (5-20 pg/100g) in
cheese

o High levels of MK-4 (5-20 pg/100g) in
eggs

o High levels of MK-7 (>800 pg/ 100g) in
natto

o Rotterdam study estimated daily
consumption at 20 pg/day MKn

o Consumers using natto as a diet staple
typically consume 100-500 pg/day MK-7

o Discussion?

000090




Toxicology & Bioavailability of MK-
4, MK-6 & MK-7

MK-4 Effects on Reproductive Performance & on
Neonate

o Discussed in Attachment B and C

o Typical Level of MK-6 (1-3%) in
NattoPharma product discussed in
Attachment A

Steady state blood levels of MK-7 about 6-fold
higher (3-fold higher on a molar concentration)
than phylioquinone when equal doses are
given

m&—g is expected to be more bicavailable than

1000-fold margin of safety between NOEL of
MK/—: of 1 mg/ag and desired use of MK-7 of 1
Hg/Kg

Adequate margin of safety even if an additional
uncertainty factor is used to account for
increased biocavailability

o The Mikami et al. study does not exhibit
dose related adverse effects

o 9 relevant studies reviewed by Dr. R. Tyl,
RTI
2 rat reproductive studies, teratology studies
on mice & rats
Various other studies on pregnancy, lactation
& neonates
Conclusion: No safety concerns

o Discussion

Mikami et al.,1991- Table 8

Patients on Anti-coagulant
Therapy

Dose Group | Number of Neonatal | Percentage
Deaths Observed | of Total
Within 4 days of birth | Neonates

o Information Included in Attachment C

o Discussion will be led by Dr.
Schurgers

Contro 9 2%
10mgkg k) 10.1%
100 mgkg 1 23%
1000 mgkg 2 6.6%

Summary

o There is adequate evidence to show
that 50 ug/day (DC = 17 ppb) of MK-
7 is GRAS for human consumption

High doses of structurally related MK-4 are used
successfully in Japan

High no effect levels for MK-4 in various animal
studies; ample margin of safety to judge the
safety of MK-7 to account for higher
bioavailability

MK-7 1s a proven natural form and becoming
recognized as an important form of vitarmin K

o We plan to submit an updated GRN for
FDA review

BEST ORIGINAL COPY
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Anderson, Blondell

From: Richard Kraska [kraska@gras-associates.com]
Sent: Tuesday, November 18, 2008 1:50 PM

To: Anderson, Blondell

Cc: '‘Bob McQuate'

Subject: FW: NattoPharma

Attachments: EFSA nda_op_ej822_vit_k2_en.pdf

Blondell

Thanks for orchestrating a great meeting. | will be forwarding the translation of the Mikami study again but it is a
big file so | will do by separate email. Here is also the recent EFSA opinion. Please pass these along to the
reviewers. We would be interested in a conference call on the reproductive studies but it will need to be after
Dec. 1 because will be out of the office from Nov. 21 to Dec. 1. | will not be in phone contact but will be
responding to emails during this period if you want to schedule the call.

Have a good Thanksgiving if | do not talk to you.

Richard C. Kraska Ph.D., DABT
COO and Co-Founder

GRAS Associates, LLC
216-470-7280

Fax: 239-514-0606

kraska@gras-associates.com

From: Richard Kraska [mailto:kraska@gras-associates.com]
Sent: Thursday, October 09, 2008 10:49 AM

To: 'Anderson, Blondell'

Subject: RE: NattoPharma

We also have a full translation of the Mikami study that you can provide to the toxicologist.

Richard C. Kraska Ph.D., DABT
COO and Co-Founder

GRAS Associates, LLC
216-470-7280

Fax: 239-514-0606

kraska@gras-associates.com

From: Anderson, Blondell [mailto:blondell.anderson@fda.hhs.gov]
Sent: Thursday, October 09, 2008 10:11 AM

To: Richard Kraska

Subject: RE: NattoPharma

I'm glad this made your day!!

Blondell Anderson

Consumer Safety Officer

000092
1/12/2009
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301-436-1304

From: Richard Kraska [mailto:kraska@gras-associates.com]
Sent: Thursday, October 09, 2008 9:32 AM

To: Anderson, Blondell

Subject: RE: NattoPharma

Biondell

| was so excited | forgot to say thank you very much!!

Richard C. Kraska Ph.D., DABT
COO and Co-Founder

GRAS Associates, LLC
216-470-7280

Fax: 239-514-0606
kraska@gras-associates.com

From: Anderson, Blondell [mailto:blondell.anderson@fda.hhs.gov]
Sent: Thursday, October 09, 2008 9:11 AM

To: Richard Kraska

Subject: RE: NattoPharma

Hello Rich:
| was able to change time to 11 AM.

Blondell Anderson
Consumer Safety Officer
DPR/OFAS/CFSAN

301-436-1304

From: Richard Kraska [mailto:kraska@gras-associates.com]
Sent: Thursday, October 09, 2008 7:51 AM

To: Anderson, Blondell

Subject: RE: NattoPharma

Blondell

1/12/2009

Page 2 of 4
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Page 3 of 4

My clients are having difficulty getting flights out of Dulles on Monday to get back to Europe. There
is a flight at 5:20 PM but | don’t think that they can through security and all in time especially if there
is traffic on the beltway. Would it be possible to move up the meeting to 11 AM?

Richard C. Kraska Ph.D., DABT
COO and Co-Founder

GRAS Associates, LLC
216-470-7280

Fax: 239-514-0606

kraska@gras-associates.com

From: Anderson, Blondell [mailto:blondell.anderson@fda.hhs.gov]
Sent: Monday, September 29, 2008 11:45 AM

To: Richard Kraska

Subject: RE: NattoPharma

Dear Rich:

| have scheduled the meeting for Nov. 17th from 1:30 - 2:30 in room 2013 at the University Station
building in College Park, MD. Do you all plan to attend in person or by telephone? If in person, |
need to arrange for parking if needed. If any changes, will let you know immediately.

Blondell Anderson
Consumer Safety Officer
DPR/OFAS/CFSAN

301-436-1304

From: Richard Kraska [mailto:kraska@gras-associates.com]
Sent: Friday, September 26, 2008 9:24 AM

To: Anderson, Blondell

Subject: NattoPharma

Blondell

Any progress with a meeting date? Also please note that the reference to Minaki on page 2
of my letter is incorrect; it should be Mikami. The citation for the Mikami reference in
Attachment E is correct.

Have a good weekend.

Richard C. Kraska Ph.D., DABT
COO and Co-Founder

GRAS Associates, LLC
216-470-7280

Fax: 239-514-0606

000094
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12068 Via Cercina Drive
Bonita Springs, FL 34135-6922
216-470-7280
kraska@gras-associates.com

May 13, 2009

Ms. Blondell Anderson

Division of Petition Review (HFS-265)

Office of Food Additive Safety (HFS-200)
Center for Food Safety and Applied Nutrition
Food And Drug Administration

5100 Paint Branch Parkway

College Park, MD 20740-3835

Prenotice Communication (GRN)
Dear Ms. Anderson:

“esattached is information from our client NattoPharma, which addresses FDA concerns expressed in our last meeting on November
17,2008. This will all be addressed in a presentation our client is preparing for the scheduled May 27, 2009 meeting. Please
distribute this information to your colleagues that will be attending the meeting. All information should be treated as a confidential
prenotice communication.

Sincerely yours,

(b)(6)

Richard Kraska, Ph.D., DABT
Chief Operating Officer and Co-Founder
GRAS Associates, LLC

C—

000127



To FDA
From NattoPharma

Ref: Request for a FDA "No Comment” letter to the GRAS application for Vitamin K2 as
Menaquinone-7 (MK7) from NattoPharma ASA, Norway. Answers to FDA questions of
March 2009.

FDA has raised several questions to the self-affirmed GRAS for vitamin K as MK7 — branded
as MenaQ7 products. In short, the points raised by FDA can be grouped as follows:

MKZ?7 is not substantially equivalent to MK4

Questions about toxicity of MK4 in reproduction studies

No toxicity data on MK7 — using MK4 toxicity data not relevant (ref point 1)
No animal safety data on MK7 available

A NOAEL could not be established for MK4 from the available data — FDA
disagrees with EFSA

Lack of long term MK?7 consumption safety data

Not seen VitaK safety data

Effects of MK7 on glucose-6-phosphate deficient (G6PD) patients were not
discussed

i. Problems with patients on anticoagulant therapy

j. Reference to some studies missing

o a0 op

=

A

In our meeting with FDA scheduled for May 27", 2009 we will structure the answers to the
questions in a presentation as follows:

1. Relevance of using MK4 toxicity data to reveal safety of MK7, and comments to MK4
toxicity data (points a-d) as well as establishment of NOAEL (point e)

2. Safety of long term consumption of MK7 and the VitaKids study data (points f and g)

3. Effects of MK7 on G6DP patients (point h)

4. Effects of MK7 on coagulation system and for patients on anticoagulant therapy (point
i)

5. Missing study references (point j)

This letter is to outline the major answers to the questions while the details will be presented
in the meeting. We hope for a fruitful discussion during our meeting in May.

A. Relevance of using MK4 toxicity data to reveal safety of MK7.

MK4 and MK 7 are two in a series of homologous molecules called “vitamin K27, which
differ only in the length of the isoprenic chain attached to the common ring structure.

NattoPharma
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b s

The following points will be discussed during the meeting;:

While it is true that there are benefits to supplementation with vitamin K2 in the
form of MK7 rather than MK4, the function, metabolism and excretion of
breakdown products of MK4 and MK7 progress by identical mechanism in
humans; differences between both vitamers originate from a longer half life, a
better absorption and more equal tissue distribution of MK 7. From a toxicological
perspective, MK7 and MK4 are similar in that they both contain the
naphthoquinone ring and are substituted at the 3 position with an aliphatic chain
containing isoprenoid units. The only difference in the molecules is the length and
saturation degree of the aliphatic side chain. Long chain meaquinones like MK7,
MKS8, and MK9 are incorporated into low density lipoproteins, whereas the less
lipophylic phylloquinone and short-chain menaquinones (like MK4) are mainly
found in the triglyceride fraction. The association with different lipoprotein
particles explains the difference in half life in the circulation and the different
tissue distribution of MK4 and MK?7.

Tissue conversion of vitamin K1 to MK4 via K3; of MK4 to MK4 via K3 and
conversion of MK7 to MK4 via MK3 has been demonstrated indicating a bio-
equivalence of K-vitamins in situ.',".",",". We note, however, that the conversion
of MK7 to K3 has not been detected as a result of nutritional levels of intake of
MK7.

The toxicity of K3 (menadione) at high dosages is well known. Toxicity of K
vitamins is due to the a free 3-position in the common naphthoquinone ring
structure (=K3) - not the isoprenic side chain"'. The reactive 3-postion in K3 is
known to bind to thiols of larger molecules causing hemolysis of red blood cells,
for example. The active site for such reactions is not available in menaquinones
because the 3-position is occupied by the isoprenoid chain. Thus MK4, MK?7 etc.
are not toxic by this well known mechanism. We note, specifically, that the
adverse effects of MK4 observed when animals are fed very high doses may be a
result of the transient increase in the concentration of MK3 resulting from the
interconversions of menaquinones cited above. In this regard, we note that the
toxic effects of K3 are observed only at very high dosage levels and these levels
are highly unlikely to occur as the result of ingestion of MK 7 at the envisioned
usage levels.

A longer isoprenic tail connected to vitamin K-like ring structure as such does not
contribute to increased susceptibility of toxic effects. Coenzyme Q10 has a
functional ring structure different from menaquinones, but a comparable aliphatic
side chain. Q10 has 10 isoprenoid units in the aliphatic side chain compared to 7
in the MK7 molecule. Risk assessment*" and recent toxicology data™" ,™ for Q10
reveal no toxicity. Absence of a well- defined critical effect precludes the selection
of a NOAEL,; the use of the observed safe level (OSL) or highest observed intake
(HOI) approach established by FAO/WHO is therefore require to conduct risk
assessment. Clinical human data indicate an upper level for supplements of
Coenzyme Q10 of 1200 milligrams/day. We note, specifically, that the usage level

NaftoPhaorma’
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envisioned for MK7 is 100ug; 12,000 times lower than the supplement upper level
for Coenzyme Q10.

B. Questions about toxicity of MK4 in reproduction studies
We appreciated the FDA comments relative to the mortality of the F2 neonatal rats
in the Mikami study. While one could argue about whether the Goto study negates
the Mikami result, we believe it is more important to focus on the fact that the
lower number of neonates in the F2 generation in the Mikami study was not due to
dose dependent treatment as the lowest number of neonates in F2 was observed at
the lowest dose while the high doses were not significantly different than the
control group. Thus, the Goto study can be viewed as corroborative in that no
adverse treatment-related effects were observed.

C. No toxicity data on MK7 — using MK4 toxicity data not relevant (ref point 1)

a. MK4 has been chosen as the reference K vitamin derivative for conducting
toxicology studies. This is highly relevant due to the similarities in structure and
other properties to MK7 [seel above]. Moreover, high doses are required to run
toxicology studies; such doses can only be realized with synthetic (pure) MK4. In
addition, MK4 is more hydrophilic than MK7, which makes it easier to handle
when mixing it in animal food.

b. No animal toxicity data;: We agree that there are no animal toxicity data on the
purified MK7 product. We do not agree however that there is no relevant animal
toxicity data which can be used for assessing the safety of MK7 consumption. We
have previously shown that the absorption of MK7 from natto food and from
capsules containing MK7 have the same pharmacokinetics. Therefore, we believe
that

i. the toxicity data presented below on the natto product performed by the
Japanese National Institute of Health is relevant to the safety determination
of MK7 (see below);

Because of these results plus

ii. the similarity of the MK4 and MK7 molecules noted above;

iii. the known mechanism for the toxicity of K3 which is not operational in
MK4 and higher menaquinones;

iv. and the absence of toxicity of long-isoprenoid chain containing molecules
like Q10,

we believe that additional studies are not warranted. Such studies do not seem

to contribute to any new information, and would constitute unnecessary use of

laboratory animals.

Y, 3
NattoPharmra
000130



Natargl Vitamin K2

Safety Evaluation of Nutto by Jupanese Authorities

The National Institute of Health in Japan has evaluated the safety of the Natto product “Kinnotsubu”,

containing 650 pg MK-7/50 g (hitp /hinet.nih goap/contenis/detaldds himl).

Unofficial summary translation:

“[Human test]

Twelve (12) healthy adults (age 29 to 50) took 150 g portion of the Natto (equivalent to 1.95 mg/kg
body weight/day MK-7) for 7 days. Serum parameters and coagulating system parameters did not
change compared to the values before starting this test.

[Animal test]
(Acute toxicological study)

LDso of Natto is over 2000 mg/kg. (which is equivalent to 26 pg MK-7) in 5-week-old male rats.

(Subchronic toxicological study)

Four-week-old male and female rats were used. Each group was divided into groups (n=5/group)
tested for 13 weeks. Result: No animal died and behaved abnormally. Examinations of haematology
and biochemistry values in blood and urine revealed no abnormality. Also, any histopathological
abnormality has not been observed. Thus, none toxicological dose of this Natto was concluded to be
over 1000 mg/kg body weight/day (which is equivalent to 13 pg/kg body weight/day MK-7).”

c. We have determined MK7 to be GRAS for the described uses based on scientific
principles and we consider the demonstrated consumption of MK7 in natto
products and in fermented foods in Europe and the US such as hard cheeses to
contribute to the body of knowledge related to the safety of the molecule.
Estimates of consumption of MK-7 in Natto food in Japan were based on the
analysis of MK-7 content in 26 commercial Natto products sold in Japan, MK-7
content in various Natto products is provided in Table 1.

Table 1: MK-7 Content in Commercial Natto Products Sold in Japan

Reference Natto product Hg MK-
7/100g
Natto

Schurgers, LJ Thesis, 2002, p 37 Unknown, product from Asian 998

supermarket Maastricht

Sumi, H, 1999 Food Sc1 Tech Res vol 5 B subtilis Miyagino strain 1230

Tsukamoto et al 2000, J Health Sci 46 Natto from Asahi Freshia Co Ltd 865

Tsukamoto et al 2000 J Bone Mm Meta Natto from Asahi Freshta Co Ltd 775

Kanki et al 2001.Nutrition vol 17 Natto from Shoujikimura Ltd 1398

Katsuyama et al 2004 J Nutr Sc1 Vitam 50 Natto - unknown source 900

Kamao en al 2007 J Nutr Sc1 Vitaminol Natto - unknown source 939

Isobe, etal Natto and vitamin K in Basic and Clinical Aspects of 19 different commercial Natto 1186

Japanese Traditional Food Natto Ed Sumi, Hiroyuk1 Page 73-82. products (average MK-7 value)

1995 Japanese Technology Transfer Association.

NattoPharmra
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The average MK-7 content is approximately 1100 pg/100 gram Natto. Intake of MK-7 from
one serving of Natto (which is approximately 40 to 50 g*,* ) was estimated for different body
weights. Body weights were estimated from several published studies, including persons in
the Japanese Population-Based Osteoporosis (JPOS) study (Ikeda et al., 2006). Low body
weight men (65 kg) are comparable to high body weight women (65 kg), while average body
weight for Japanese women in several studies (see also Ikeda et al., 2006) is set to be 55 kg.
No adverse effects have been reported from daily Natto consumption in hundreds of years.
Furthermore, the safety of Natto has been evaluated by the National Institute of Health in

Japan.

D, E and F. Long term consumption of MK7. We have previously shown that the
absorption of MK7 from natto food and from capsules containing MK7 have the same
pharmacokinetics. Several studies using high dose MK7 from natto food as well as studies
using capsules with MK7 extracted from natto food will be presented. Such studies reveal 3
years continued use of MK7 without any reported adverse effects. In addition we have
collected data from published studies as well as NattoPharma studies using MK7 over both
short terms with high doses as well as longer terms with several dose levels. Table 2 gives an
overview over such studies not tabulated in the first GRAS submission to FDA.

Table 2

Type of study Duration Dose range No of person-treatment
days

Short-term MK-7 from <1 year 123- 1230 yg/day 1440

Natto food

Short-term MK-7 < 1year 45 — 360 pg/day 7228

(MenaQ7 TM)

Long-term MK-7 z 1 year 38,6 - > 200 yg/day 586 190

from Natto food

Long-term MK-7 21 year 360 pg/day 54 750

(MenaQ7™)

G. Not seen VitaKids safety data. This study has now been accepted for publication
[citation] and further unpublished data are now available. All participants in the study were
evaluated for potential effects on the coagulation system using the ETP (Endogenous
Thrombin Potential) test. Study data showed no effects on the coagulation system of adults or
children. No adverse effects have been reported in these studies. The results will be
presented.

NattoPharma
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H. Effects of MK7 on glucoe-6-phosphate dehydrogenase deficient (G6PD) patients
were not discussed.

We appreciate the concern raised by the FDA related to the effects of K3 on patients deficient
in glucose-6-phosphate and will present information which will — according to our
understanding — put the concerns in the right perspective.

The adverse effect on these patients when exposed to K3 (menadione) is not surprising given
the physiopathology of G6PD deficiency related to hemolytic anemia and the action of the
known toxicity of K3 to red blood cells. In effect, the two adverse effects are additive. We
note that this effect is not solely the result of K3 ingestion, but can be caused by numerous
other drugs including analgesics, as well as, illness, e.g. severe infections and other
conditions.

We, of course, agree that people with G6PD should avoid high dosage exposure to substances
that lead to lower red blood cell count. Having said that, the generation of menadione from
any form of vitamin K is known (as described above), but has never been shown at nutritional
intake levels, only at much higher levels such as experienced in therapeutic use. We note that
newborns are routinely given 1 mg of vitamine K1, which is also converted in part to K3.
Also, we noted in the GRAS notification that green leafy vegetables are sources of vitamin K
and thus of K3 production by bio-conversion, but limitation of consumption of these foods to
protect G6PD patients is not advised nor are warnings given to such patients to our
knowledge. In this context, we also note that menadione sodium bisulfite (Hykinone) is listed
as a low risk drug “that probably can be safely given in normal therapeutic doses to G6PD-
deficient patients without nonspherocytic hemolytic anemia and can be given safely to most
patients with G6PD deficiency” [Blood, T Janwary 2008, Vol 1T Noo topp. 1e-24:

httpr s gopdoorg/a s/english indonmy Tpeid gl

Considering the dose of vitamin K1 given to newborns and the common exposure of people to
sources of vitamin K in their diet all of which is converted to K3 at some level, it is extremely
unlikely that the consumption of 100 ug of MK7 will increase K3 in any detectable,
significant, clinically relevant amount, especially in light of the fact that experts in the field
feel that even therapeutic doses of K3 may be taken if the G6PD deficient patient is without
nonspherocytic hemolytic anemia. These issues will be discussed.

I. Problems with patients on anticoagulant therapy. We agree with FDA that this is an
area of concern. We know that Vitamin K2 as MK7 will not affect the coagulation process in
people not on anticoagulant treatment, as their coagulation factors will be fully carboxylated
at any time with normal consumption of vitamin K containing foods. No more glutamic acid
residues are free to become activated under normal condition, thus “over” carboxylation is not
biochemically possible. This is well known and recent studies with MK7 support this. Thus,
supplementation of food with 100ug of MK7 is not a concern for this population. In addition,
studies have shown that lack of effect on the coagulation system of healthy children who are
not taking anti-coagulant drugs [see 5 above]. It is interesting that low vitamin K status may

NattoPharma
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lead to the under carboxylation of the only extrahepatic protein taking part in the clotting
cascade: coagulation-inhibitor protein S; the poor protein S carboxylation results in loss of
biological activity and in an increased thrombosis tendency. Under these conditions
supplemental MK7 intake was shown to induce a decrease of the thrombosis risk.

We agree that there is a concern for consumption of vitamin K supplementation for patients
taking anti-coagulant drugs which interfere with vitamin K. Studies have been conducted to
check the influence of supplementing healthy individuals on anticoagulant therapy with
increasing doses of vitamin K2 as MK7. The effects on the coagulation system are monitored
by measuring the INR values for the persons on anticoagulant therapy. It is clear from these
studies that vitamin K has an effect on INR values as any other K-vitamin would have. This
can be in the form of foods rich in vitamin K1 such as green vegetables and vegetable oils,
foods rich in vitamin K2 such as curds and cheeses, or K vitamins present in supplements.
The risk is the same. Studies have shown that 10% of patients ingesting a dose of 50 ug/day
of MK7 show a slight decrease in the INR value, but that it remains within the therapeutic
target window. Lower levels of MK7 did not decrease the INR values in test subjects.
[Schurgers, Blood 2004, 2007]. We note that INR values are actively managed by frequent
monitoring of INR values in these patients in Thrombosis Clinics, routinely every 2-3 weeks,
to balance the system either by adjusting the diet or medication. We have conducted more
research in this area which we will present at the FDA meeting.

It is interesting that the lower the vitamin K intake is on a daily basis, the larger will be the
effect on the INR when high vitamin K foods are eaten. This leads to fluctuation in the INR
values in the patient and the net result is an unstable anticoagulation condition. To counter
this problem, a high intake of vitamin K combined with a high dose of anticoagulant is
rapidly gaining interest of clinicians because it is a preferred method to improve the stability
of the anticoagulation effect. MK?7 is the ideal vehicle for supplying this stable dose of
vitamin K as the uptake and halflife are enhanced making it easier to maintain a stable in situ
concentration.

Having said that, NattoPharma suggests that all foods fortified with vitamin MK?7, should be
labeled: Contains vitamin K2 or fortified with vitamin K2 to insure that patients on
anticoagulant therapy and their physicians have the information they need to manage the
patient’s vitamin K intake, either higher or lower depending on the need. More important in
our view is that such labeling would assist consumers in finding foods that provide additional
vitamin K2 as two published population surveys (Rotterdam with 4,500 subjects™ and
Prospect with 16,000 subjects™" as well as the recent study by Beulens et al™ with 564 post
menopausal women) indicate that long chain menaquinones were important nutrients to
decrease cardiovascular mortality. The Prospect study had sufficient power to calculate that
each extra daily intake of 10 ug of K2 will decrease the cardiovascular mortality by 9%.

J. Reference to some studies missing. These will be commented upon during the meeting

é@%
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1.0 BACKGROUND

Several reports (see below) indicate an important role for vitamin K in bone health, as
well as in blood coagulation (e.g., in cases of newborns with evidence of hypoprothombinemia).
Dietary vitamin K intake in young women living in eastern Japan was estimated (from HPLC
analysis of phylloquinone [PK] and menaquinones [MKs]) as PK, MK-4, and MK-7 contents in
food and from standard tables of food composition in Japan) (Kamao et al., 2007). The mean
total vitamin K intake for all subjects was about 230 pg/day; 94% of the study participants met
the adequate intake (Al) standards for Japanese women (aged 19-29 years) of 60 pug/day. The
relative concentrations of PK, MK-4, and MK-7 to total vitamin intake was 67.7%, 7.3%, and
24.9%, respectively. The authors voiced concern that the current Als may not be sufficient for
bone or blood health, or during pregnancy (Kamao et al., 2007).

In support of the role of vitamin K in bone and blood health (and the recognition that
additional vitamin K may be prophylactic), two studies were performed. In the first study
(Suzuki et al., 1984), a double-blind study of oral vitamin K; syrup was performed on Japanese
newborn children. They concluded that general vitamin K prophylaxis for newborns is not
necessary (or recommended), but that vitamin K (one dose at 6 mg orally) is helpful for infants
with thrombotest results below 20% (indicating low coagulatory ability), with efficacy of
vitamin K-2 at 6 mg better than vitamin K-2 at 2 mg, which was better than vitamin K-1 at 2 mg,
which was better than placebo. They also recommended vitamin K therapy for “infants at risk
and in all premature, dystrophic or otherwise underweight infants.”

In the second study, Shiraki et al. (2000) reported that vitamin K, (menaquinone-4;
menatetrenone) was given orally at 45 mg/day to 120 osteoporotic patients for 24 months (with
121 osteoporotic patients as controls). The patients were followed by lumbar bone mineral
density measurements and for occurrence of new clinical fractures. Serum levels of glucose OC
(osteocalcin) and menaquinone-4, and urinary excretion of deoxypyridinoline (DPD), were also
periodically measured. The two groups were identified prior to study start. The incidence of
clinical fractures was lower in the vitamin K group, and the loss in lumbar bone mineral density
was less in the vitamin K group. The serum glucose OC and OC were higher in the vitamin K
group. There was no significant change in urinary DPD excretion. The authors concluded that
vitamin K treatments effectively prevented the occurrence of new fractures, although the vitamin

K; group did not have an increase in lumbar bone mineral density; however, there was a slower
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decline over the 24-month duration of the study. Furthermore, vitamin K treatment enhanced
gamma-carboxylation of the OC molecule.

Since there is strong evidence for vitamin K efficacy in newborns, a series of studies
examined in vivo maternal levels of vitamin K, (MK-4) during pregnancy, in vitro placental
transport, vitamin K, in mothers after delivery, and in their newborns.

In a preliminary study, lioka et al. (1991) examined the pharmacokinetics of vitamin K,
after it was injected intravenously into human mothers just before pregnancy termination or
delivery. The vitamin K, was followed from maternal plasma to placental tissues and into the
fetuses. They also tracked the vitamin K; into maternal milk (after delivery) over time. The
results indicated that incorporation of vitamin K, into the placental tissue was relatively active,
while transfer of vitamin K to fetal blood (cord plasma) was small. This was interpreted to
mean that vitamin K, from maternal blood is initially stored in the placenta and then gradually
released into the fetal blood over time. The release of vitamin K, from maternal plasma (from iv
injection) into milk increased over time, even after the maternal plasma levels of vitamin K; had
decreased. This suggested that there is a concentrating mechanism for vitamin K, in mammary
tissue.

lioka et al. (1992) also drew systemic venous and umbilical vein blood from 12 women
“in the 10™ month of pregnancy,” and vitamin K, was measured at delivery at 0.32+0.07 ng/ml
in maternal venous blood, undetected in the umbilical venous blood, and 1.01+0.37 ng/g wet
tissue in the placental villous tissue. When the 12 women (scheduled for caesarean section) were
given vitamin K, (MK-4) at 20 mg/day orally for seven days and then c-sectioned at full term,
the vitamin K, values were 0.89+0.21 ng/ml in maternal venous blood (up almost three-fold),
0.18+0.06 ng/ml in the umbilical venous blood (up 18-fold), and 5.38 ng/g wet tissue in the
placental villous tissue (over five-fold). Villous tissue specimens were obtained from placentae
from therapeutic abortions at the end of the first trimester, as well as immediately after normal
full-term parturition, and cultured in serum-free medium with different concentrations of vitamin
K, at 37°C for various times to determine transport of vitamin K, into the villous tissue in vitro.
The results indicated that the transport into placental villous tissue increased with increasing
concentrations in the medium and with increasing time in culture, with final uptake of vitamin K,

at ~2.2 pg/g tissue after two hours in medium with 20 pg/ml vitamin Ky, at ~1.3 pg/g after two

hours at 10 pg/ml, and at ~0.25 pg/g after two hours at 2 ug/ml (based on Figure 1 of paper).
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Transport of vitamin K, into villous tissue was somewhat higher in full-term tissue samples than
in tissue samples at the end of the first trimester. The authors suggested that vitamin K, transport
into villous tissue was not active, but that there was a active transport system highly specific for
vitamin K5 into the placenta. Transport of the vitamin K, was higher than that of vitamin K .
They concluded that while transport into the fetus is not “especially pronounced,” transport into
the placental villous tissue is “comparatively good.”

Motohara et al. (1990) examined the effects of vitamin K supplementation for 33
pregnant Japanese women on plasma vitamin K and PIVKA-II (protein-induced vitamin K
absence-II) in their neonates (also n=33). Randomly selected mothers were orally given 20 mg
of VK; (n=11) or VK; (n=12) seven to ten days prior to delivery. Maternal blood and cord blood
(plasma) at delivery was analyzed for VK, and VK;. On the fifth postnatal day, breast milk was
analyzed for VK, and VK, and their infants were evaluated for the presence of PIVKA-II. At
delivery, maternal plasma concentrations of VK, and VK, were significantly higher in treated
mothers (both p<0.01) than in control mothers. Similarly, cord plasma VK, and VK,
concentrations were also significantly higher in the treated groups than in the control group
(p<0.05 for both). Cord plasma contained less than one-tenth the vitamin K concentrations than
did maternal plasma for every mother in both groups, but a significant positive correlation
(p<0.01) was found in VK concentration between maternal and cord plasma. Also, the
proportion of PIVKA-II infants was significantly lower in the VK-treated groups than in the
control group (p<0.05). Breast milk on postnatal day (pnd) 5 contained significantly higher
concentrations of VK and VK, (both p<0.01) in the VK-treated mothers. In the control group,
nine of ten infants were positive for PIVKA-II, but no infant in either treatment group was
positive (difference significant at p<0.01 for both). The authors concluded that administration of
either VK or VK, to mothers prior to delivery may prevent hypoprothonbinemia in their infants

at birth and during their neonatal stages.

2.0 REPRODUCTIVE AND DEVELOPMENTAL TOXICITY ASSESSMENTS
Embryofetal toxicity was assessed in rats, mice and rabbits, and postnatal offspring

toxicity was assessed in rats and mice by various authors from oral and intraperitoneal (ip)

injected doses of vitamin K, (menaquinous-4, MK-4) over a broad dose range by a number of

authors.
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21 Suzuki et al. (1971)
2.1.1 Prenatal Oral Dosing

Suzuki et al. (1971) administered MK-4 in cottonseed oil by oral gavage once daily for
six days to Wistar rats on gestational day (gd) 9-14 (17-20 dams/groups) and to ICR-JCL mice
(16-18 dams/group) on gd 7-12 (gd 0 was defined as the day of confirmed copulation by vaginal
plug or sperm for both species). The oral doses in both mice and rats were 0, 10, 500, and 1000
mg/kg/day. In the mice, there was no effect at any dose on maternal body weights, on pregnancy
rate, number of uterine implants, number of live or resorbed and/or dead implants, fetal body
weight at term (gd 18 for mice), sex ratio, or incidence or type of malformation. There was a
statistically significant increase in “non-ossified mid of forelimbs™ at 500 mg/kg/day (19.8%)
and at 1000 mg/kg/day (16.6%), but no effects on the extent of ossification for sternebrae,
hindlimbs, or tail and no dose-related effects on fetal skeletal variations. For rats, there was also
no effect at any dose on maternal body weight, pregnancy rate, number of uterine implants,
number of live or resorbed and/or dead implants, fetal body weight at term (gd 20 for rats), sex
ratio, or incidence or type of malformation. There were statistically significant increases in the
incidence of undeveloped metatarsus of the foot and “non-ossified prox. of the hindlimb” at 1000
mg/kg/day, and a significant reduction in the incidence of lumbar ribs at 1000 mg/kg/day (there
should only be ribs on the thoracic vertebrae; presence of lumbar ribs is usually designated a

variation).

2.1.2 Postnatal Oral Dosing

In the postnatal component of the oral mouse study by Suzuki et al. (1971), seven to eight
additional dams each at 0, 10, and 1000 mg/kg/day were allowed to deliver their litters. There
was no effect at either dose on viability, index at birth or weaning (pnd 21), number of
implants/dam, number offspring/dam, and no effect on pup weights/litter on pnd 0, 7, 14, or 21.
There were significant delays in pinna detachment and emergence of abdominal hair in the pups
at 1000 mg/kg/day, but no effects on incisor eruption or eye opening. One pup/sex/litter was
retained after weaning, and there was no effect on age at testis descent or vaginal opening.

In the postnatal component of the oral rat study, seven to eight additional dams each at 0,
10, and 1000 mg/kg/day were allowed to deliver their litters. There was no effect at either dose

on viability index at birth or at weaning on the number of implants/dam, number of
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offspring/dam, or on pup body weights/litter on pnd 0, 7, 14, or 21. There were no effects at
either dose on acquisition of any of the developmental landmarks tested, including, for one

pup/sex/litter retained after weaning, vaginal patency (opening) and testes descent.

2.1.3 Prenatal Intraperitoneal Administration

The authors (Suzuki et al., 1971) repeated the developmental toxicity studies using ip
injection of MK-4 at 0, 5, 50, or 100 mg/kg/day (on gd 7-12 for mice and gd 9-14 for rats). They
also used a nondosed control.

In the mice, with 15-19 dams/groups, there were no effects at any dose on total
implants/dam, live or dead and/or resorbed implants/dam, mean fetal body weight/litter at term
(gd 18), sex ratio, incidence of fetal malformations, and no dose-related incidences of reduced
ossifications. There were increased incidences at all doses for cervical ribs versus the solvent
control but not the untreated control,) and increased incidences of lumbar ribs at 5 and 100
mg/kg/day (but not at 50 mg/kg/day) versus the solvent control but not the untreated control.

For rats (with 15-21 dams/group), there were no effects at any dose on the number of
implants/dam, number of live, dead, or resorbed implants/litter, fetal body weight/litter, sex ratio,
or incidence of malformations. As with the mice, there were significantly increased incidences
of reduced ossification for sternebrae, metacarpals of the forelimb, and “non-ossified prox. of
forelimb” relative to the solvent control, but not relative to the untreated control. There were no

effects of MK-4 on incidences of lumbar or cervical ribs or of abnormal sternebrae.

2.1.4 Postnatal Intraperitoneal Administration

Of the seven to ten mouse dams at 0, 5, or 50 mg/kg/day allowed to deliver their litters
(Suzuki et al., 1971), there were no effects on the number of implants/dam, viability index at
birth (pnd 0) or weaning (pnd 21), or on litter size or pup body weights/litter on pnd 0, 7, 14, or
21. There were also no effects of treatment or on dose acquisition of any developmental
landmarks evaluated during lactation or for the pups/sex/litter retained after weaning, and no
effects on acquisition of vaginal patency or testes descent.

The authors concluded that there is no effect of MK-4 on prenatal developmental toxicity,
including teratogenicity in rats or mice by oral gavage (0, 10, 500, or 1000 mg/kg/day) or by ip
injection (0, 5, 50, or 100 mg/kg/day). There is also no effect of MK-4 on postnatal survival,
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growth, or development, including no effects on acquisition of developmental landmarks
(including vaginal patency and testes descent) when administered by oral gavage (0, 10, or 1000

mg/kg/day) or by ip injection (0, 5, or 50 mg/kg/day) to rats or mice.

2.2 Takehara et al. (1981)
2.2.1 Acute Toxicity Studies in Rats

Takehara et al. (1981) examined the postnatal survival, growth, and development of SLC-
SD rat pups (from Shizuoka Prefecture Agricultural Cooperative) administered a single dose of
“Kaytwo syrup” (vitamin K, syrup containing 6 mg/ml of menatetrenone/menaquinone-4) orally
on pnd 4 (4 males and 4 females/maternal rat, and 4 dams/group) at 0 (physiological saline), 0
(solvent), 60, 360, or 500 mg/kg (dosing volume 0, 90 [solvent], 10, 60, or 90 ml/kg,
respectively).

In a companion study, rat pups from the same strain and supplier were administered a
single dose of “Kaytwo syrup” by “intraperitoneal injection after penetrating the left medial
femoral muscle” once on pnd 4 (4/sex/dam and 4 dams/group) at 0 (physiological saline), 0
(solvent), 60, 360, or 720 mg/kg (dosing volume 0, 120 [solvent], 60, 360, or 120 ml/kg,
respectively). The rat pups were raised by their dams until pnd 21-22 and transferred to group
housing by sex/dam until pnd 35 (31 days postadministration).

The authors reported that there was transient cyanosis with abdominal distension
immediately after gavage administration at 540 mg/kg (120 ml/kg) and transient cyanosis with
abdominal distention immediately after ip administration of 720 mg/kg (120 ml/kg). Three rats
(1 male — solvent, 1 male and 1 female — ip 360 mg/kg) died due to abdominal bleeding, likely
due to ip administration. There were no differences among gavage groups for periodic body
weights for the orally dosed groups. There were reductions in male body weights on days 7 and
14 at 720 mg/kg and in female body weights on day 7 at 720 mg/kg. In contrast, the male body
weights were higher on day 35 at 720 mg/kg by ip administration. There were no effects on
acquisition of incisor eruption, eye opening, testes descent, and vaginal patency, and no
differences between the saline and solvent group or between either control group and any of the
“Kaytwo syrup” doses by either oral or ip administration. There was also no evidence of

treatment or dose effects at the “megascopical” (gross) examination at necropsy by either route.
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2.2.2 Subacute Toxicity Studies in Rats

Takehara et al. (1981) also evaluated “Kaytwo syrup” in a subacute study. The rat strain
was CRJ-CD rats (from Charles River, Japan), with neonates adjusted to five/sex/maternal rat. A
total of 240 neonates/sex were used. These pups were weaned on pnd 21-22 and then housed by
sex/litter until termination. There were five groups (45 male and 50 female neonates/group) at 0
(physiological saline), 0 (solvent), 6, 30, and 60 mg/kg vitamin K, (MK-4) at a dosing volume of
10 ml/kg. The pups were dosed daily by oral gavage, starting on pnd 4. Ten pups/sex/group
each were terminated and necropsied after one and three months of administration, and the
remaining rats were sacrificed after the one-month recovery period. In order to adjust group
numbers, some (“non-selected”) rats were also sacrificed in week 7 after initiation of
administration and once during the recovery period on week 14 after initiation of administration.

During the study, some rats died due to gavage misadministration, but the remaining rats
survived with no clinical symptoms. There were no effects of MK-4 on feed or water
consumption, body weight change, or food efficiency. There were also no effects on the eye
examinations, urinalysis, hematological parameters, or serum biochemical parameters. At the
necropsies, there were also no effects on organ weights, necropsy gross findings, or from
histopathological examination at any MK-4 dose, according to the authors (Takehara et al.,
1981).

3.0 FERTILITY AND PERI- AND POSTNATAL STUDIES OF MENATETRENONE
(VITAMIN Ky; MK-4)

3.1 Mikami et al. (1981)
3.1.1 Fertility Study
Mikami et al. (1981) administered vitamin K, to SLC®-SD rats from the Shizuoka

Prefecture Agricultural Cooperative (22-24 males and 22-24 females per dose group) once per
day (between 9:00 and 10:00 a.m.) by oral gavage for 13 weeks (males) or 14 days (females) at 0
(vehicle; 5% gum arabic), 10, 100, or 1000 mg/kg/day, with a dosing volume of 1 ml/100 g body
weight. (FO estrous cyclicity was monitored for 14 days prior to the start of drug administration,
during the prebreed dosing period, and during the mating period.) The rats were then paired
within groups, for a maximum of 14 days, with daily dosing continuing. Paired females were
examined each morning for evidence of copulation (vaginal sperm or vaginal copulation plus).

The date of copulation was designated gd 0. Daily dosing continued through the mating period
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for both sexes until copulation. The FO males were sacrificed once “fertility” was confirmed by
placental signs, on gd 12-16 (approximately 120 days of dosing total), and necropsy performed.
The sperm/plug positive (presumed pregnant) females were dosed daily until gd 7. Pregnant
dams were terminated on gd 20, and maternal reproductive information (pregnancy rate, ovarian
corpora lutea, uterine implantation sites) and embryofetal information (total, resorbed, dead/live
implants, litter size, fetal parameters [sex, body weight, placental weight, external, visceral and
skeletal findings]) were collected and reported. One-third of the fetuses/litter were fixed in
Bouin’s (and refixed in 80% ethanol) for visceral examination (by Wilson sectioning
techniques). Two-thirds of the fetuses/litter were fixed in ethanol, their internal organs
examined, and then double stained with Alizarin red S (for ossified structures) and alcian blue

(for cartilaginous structures).

3.1.2 Peri- and Postnatal Study

Mikami et al. (1981) also distributed timed-mated SLC®-SD rats into four groups (24
presumed pregnant females/group) and administered vitamin K; by oral gavage once daily
(between 9:00 and 10:00 a.m.) on gd 17 until pnd 21 (at weaning). The FO dams were allowed to
deliver, and F1 litters were standardized to eight pups (four males and four females) on pnd 4.
The F1 litters were weaned on pnd 21, and the FO dams were terminated. During lactation, the
F1 pups were evaluated for morphological and functional development by assessing them for
pinna detachment, eye opening, incisor eruption, palmar grasp, “walking,” auditory startle, and
free-fall righting reflex. At weaning on pnd 21, approximately one-half of each F1 litter was
terminated for examination of the F1 pup organs and skeletons, and blood were taken for clinical
and serum biochemistry tests. The remaining F1 pups per litter (approximately one-half) were
retained for: open-field evaluation at five and seven weeks of age, rotarod performance, and the
learning test (pole climbing method), each with 1 F1 pup/sex/litter. In addition, nine to ten F1
males/group and ten F1 females/group were evaluated for respiratory rate, heart rate, and blood
pressure, and age at testes descent (males) or vaginal patency (females) was recorded. At 11
weeks of age, one F1 offspring/sex/litter (20-23 mating pairs/group) was mated 1:1 within
groups, excluding sibling pairing (for up to 14 days). Pregnant F1 females were allowed to

deliver their F2 offspring. The F2 pups remained with their F1 mothers until pnd 4. On pnd 4,

000145



L

11

the F1 dams and their F2 offspring were terminated, and maternal and offspring parameters

assessed.

3.1.3 Fertility Study Results

For the FO parental animals, there were no effects of treatment or dose on weekly body
weights or weekly feed or water consumption (expressed as g or ml/day/rat) over the 13 weeks
for the males, or body weights or feed or water consumption for days -14, -7, 0, 2, 4, 6, 8, 10, 12,
and 14 for the females. There were no male or female mortalities and no reported clinical
observations. Estrous cycle length and frequency of estrus were also equivalent across all
groups. The percentages of FO mating pairs which copulated were 95.8% at 0 and 10 mg/kg/day
and 100.0% at 100 and 1000 mg/kg/day. The percentages of copulated females which were
pregnant were 91.3% at 0 and 10 mg/kg/day, 95.5% at 100 mg/kg/day, and 95.8% at 1000
mg/kg/day.

For the pregnant FO dams, 20, 21, 21, and 23 at 0, 10, 100, and 1000 mg/kg/day,
respectively, there were no differences among groups for the numbers of ovarian corpora
lutea/dam, total uterine implantations/dam, or ratio of implantations to corpora lutea. The
number of resorptions was significantly increased, and the number of live fetuses was therefore
significantly decreased at 10 mg/kg/day (but still “well within the range of background data”),
and not affected at 100 or 1000 mg/kg/day. F1 fetal sex ratios were equivalent across all groups,
as were fetal body weights (sexes combined) and placental weights. There were no external
malformations in any fetus in any group. There were no differences among groups on the
incidence or type of internal fetal “anomalies” (malformations) expressed as percentage/fetus or
as percentage average/dam. There were three fetuses at 0 mg/kg/day, two at 10 mg/kg/day, three
at 100 mg/kg/day, and two at 1000 mg/kg/day with malformations. The evaluations of the fetal
skeletons (two-thirds/litter) indicated no effects of treatment or dose on the mean number of
ossified sacral and caudal vertebrae or in the incidence of non-ossified hyoid body or sternebrae
V and VI (the last to ossify). There were significant reductions in the incidences of non-ossified
odontoid process (for fetuses at 100 mg/kg/day), cervical body (for fetuses at 10, 100, and 1000
mg/kg/day and for litters at 100 mg/kg/day), and for undeveloped metacarpals (forelimb) for
fetuses at 1000 mg/kg/day). Therefore, these effects represented “significant progress in

ossification” (i.e., accelerated ossification with no dose-response pattern). The type and
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incidence of fetal skeletal “anomalies” were unaffected by treatment or dose (Mikami et al.,
1981).

Based on the conclusions of the authors, it is this reviewer’s considered opinion that the
no observable adverse effect level (NOAEL) for both reproductive and developmental toxicity

was at or above 1000 mg/kg/day.

3.1.4 Peri- and Postnatal Study Results

Reproductive parameters for FO dams were equivalent across all groups, including
duration of pregnancy, number of implantation sites, number of total and live neonates at birth,
sex ratio, and percentage of live births (one FO dam at 10 mg/kg/day did not deliver a live litter;
she had one uterine implantation site at necropsy). There was only one neonatal external
malformation observed (proboscis at 1000 mg/kg/day). FO maternal body weights were
equivalent across all groups for gd 0, 17, and 20 and for pnd 0, 4, 7, 14, and 21. Maternal weight
gains were also equivalent across all groups for gd 0-17, 17-20, and 0-20 (after delivery) and for
pnd 0-7, 7-14, and 14-21, except that for pnd 7-14, there was a significant reduction in maternal
weight gain (p<0.01) at 100 mg/kg/day, but not at 1000 mg/kg/day. The 24 pregnant FO
dams/group delivered 24, 23, 24, and 24 litters, and there were 23, 22, 23, and 24 live litters
during lactation, all at 0, 10, 100, and 1000 mg/kg/day, respectively. At termination on pnd 21,
the FO dams exhibited no differences among groups for hematology or clinical chemistry. Mean
spleen wet weight was significantly increased at 100 and 1000 mg/kg/day, and mean wet adrenal
gland weight was significantly increased at 1000 mg/kg/day.

F1 litter sizes (number of pups/litter) were equivalent across all groups on pnd 0, 4
(precull), 4 (postcull), and 21. The mean pup body weights/litter by sex were also equivalent
across all groups on pnd 0, 4 (precull) 4 (postcull), 14, and 21 (pnd 7 weights were not provided).
The F1 litters were standardized to eight pups/litter (four males and four females) on pnd 4. The
brains of the culled pups were normal at all doses. Notably, the number of dead neonates
postpartum (from pnd 0-4) were significantly increased at 10 mg/kg/day (30 pups, 10.1%,
p<0.01) and at 1000 mg/kg/day (21 pups, 6.6%, p<0.01), but not at 100 mg/kg/day (seven pups,
2.3%), versus the vehicle control value of nine dead pups (2.9%). There were no effects on F1
pup age of acquisition of pinna detachment, eye opening, or incisor eruption in any group for

either sex. The mean F1 age at palmar grasp was slightly, but significantly, delayed in F1 males
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at 10 and 100 mg/kg/day and for F1 females at 100 mg/kg/day. The F1 ages at “walking” and
auditory startle were unaffected at any dose for either sex. Free-fall righting reflex was slightly
but statistically delayed at 10 mg/kg/day (p<0.05) and at 1000 mg/kg/day (p<0.01) for F1 males,
and only at 1000 mg/kg/day (p<0.01) for F1 females. At F1 weaning, the absolute (but not
relative) liver weights were reduced at 1000 mg/kg/day. The absolute weights of the F1 male
spleens at 10 and 100 mg/kg/day and the relative F1 male spleen weights at 10, 100, and 1000
mg/kg/day were significantly increased. All other organ weights (absolute and relative) were
equivalent for both sexes across all groups. For the open field test at five and seven weeks of
age, there were no effects on ambulation, rearing, or defecation for F1 males at any dose at either
age. For F1 females, there were no effects on ambulation or rearing at any dose at either age.
Defecation was significantly increased only for females, only at five week of age, and only at 10
mg/kg/day. Rotarod performance was equivalent across all groups for both sexes. The learning
test (pole climbing method) reported frequencies of conditioned response, unconditioned
response, or no response, over five sessions for the F1 male and female pups separately. For F1
males, there were significant reductions in unconditioned response (p<0.05) and a significant
increase in no response (p<0.01) at 1000 mg/kg/day for Session 1, and only a significant
reduction in conditioned response (p<0.05) at 1000 mg/kg/day for Session 2. The values were
equivalent across all groups for all three parameters for Sessions 3-5. For F1 females, the values
were equivalent across all groups for all parameters for Sessions 1 and 5. For Session 2,
unconditioned response was significantly reduced at 100 and 1000 mg/kg/day, both at p<0.05.
For Session 3, conditioned response was significantly reduced (p<0.05), and no response was
significantly increased (p<0.05) at 1000 mg/kg/day. For Session 4, only conditioned response
was significantly reduced (p<0.05) and only at 1000 mg/kg/day. There were no differences in
respiratory rate, heart rate, or blood pressure for either sex in any group. Ages at acquisition of
testes descent or vaginal patency were equivalent for both sexes across all groups.

The F1 males and females (one/sex/group, 20-23 mating pairs/group) were paired 1:1
with groups, excluding sibling matings. Copulation ratio (number copulated/number paired) was
equivalent across all groups for both males and females (90-100%). A total of 20, 14,21, and 19
females were pregnant at 0, 10, 100, and 1000 mg/kg/day, respectively. All of the pups from one
dam each at 100 and 1000 mg/kg/day died. The pregnancy ratio (number pregnant/ number
copulated) was therefore 90.9, 77.8, 100.0, and 90.5% at 0, 10, 100, and 1000 mg/kg/day,
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respectively. The precoital interval (time to mating) was also equivalent across all groups. All
pregnant F1 females delivered. Gestational length was slightly, but significantly, shorter at 10
mg/kg/day (p<0.05) and equivalent at 0, 100, and 1000 mg/kg/day.

Total implantation sites/F1 dam were equivalent across all groups. The number of total
and live F2 neonates/dam on pnd 0 was significantly reduced (p<0.01) at 10 mg/kg/day and
equivalent at 0, 100, and 1000 mg/kg/day. F2 pup sex ratio was equivalent across all groups, and
there were no external malformations (“anomalies™) in any F2 pups in any group. The number
of F2 live neonates/litter was also significantly reduced at 10 mg/kg/day on pnd 4. F2 pup body
weights/litter by sex were equivalent across all groups on pnd 0 and 4. The number and
percentage of dead F2 neonates on pnd 0 were significantly increased at 100 mg/kg/day (to 20;
6.4%, p<0.01), but not at 1000 mg/kg/day (eight, 2.7%). For pnd 0-4, the values were: control
(four, 1.3%), 10 mg/kg/day (ten, 5.3%, p<0.05), 100 mg/kg/day (40, 12.8%, p<0.01), and 1000
mg/kg/day (36, 12.2%, p<0.01). The percentage of F1 dams with one or more dead F2 neonates
was equivalent across all groups (25.0, 35.7, 33.3, and 26.3% at 0, 10, 100, and 1000 mg/kg/day,
respectively). The F1 dams and their F2 pups were terminated on pnd 4.

The two offspring findings of concern were: (1) the increased incidence (number and
percentage) of dead F1 neonates on pnd 0-4 at 10 and 1000 mg/kg/day (but not at 100
mg/kg/day), with the values at 10 mg/kg/day higher (30 F1 pups, 10.1%) than at 1000 mg/kg/day
(21 pups, 6.6%); and (2) the increased number and percentage of dead F2 neonates on pnd 0-4 at
10 (10 pups, 5.3%, p<0.05), 100 (40 pups, 12.8%, p<0.01), and 1000 mg/kg/day (36, 12.2%,
p<0.01). There were no other indications of offspring toxicity in the F1 or F2 offspring
generations. It is interesting that the F1 pup mortality rate was higher at 10 mg/kg/day than at
1000 mg/kg/day and was equivalent for the vehicle control rate and that at 100 mg/kg/day. The
F2 pup mortality rate at 1000 mg/kg/day was slightly lower than that at 100 mg/kg/day, at ten-
fold the dose (100 to 1000 mg/kg/day). Inthe F1 and F2 offspring generations, there were no
differences in live litter size on pnd 0 or 4 at 100 or 1000 mg/kg/day. For F2 pups, there was a
significant reduction in live litter size on pnd 4 at 10 (but not at 100 or 1000) mg/kg/day (Mikami
etal., 1981). The effects on the F1 and F2 pups at 10 mg/kg/day were clearly not dose related,
since in most cases they were not observed at 100 mg/kg/day (e.g., reduced F1 maternal
gestational duration; F1 and F?2 litter size at birth). The animal room temperature was

maintained at 20-24°C (68-75.2°F), with lights on from 7:00 to 19:00 hours. An animal room at
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the low end of that temperature range with neonates is rather cool and may have contributed to
perinatal pup loss.

The authors’ conclusions were that there were “no observable effects of K,” on any
parameter in either study. In this reviewer’s considered opinion, the most conservative NOAEL
from the data in this study is 100 mg/kg/day (due to neonatal losses at 1000 mg/kg/day) for
offspring toxicity, and at or above 1000 mg/kg/day for maternal toxicity.

3.2 Goto et al. (1986)
Goto et al. (1986) used the same rat strain (and source); female Slc-SD (SPF) rats from

Shizuoka Prefecture Agricultural Cooperative. The FO females were bred 1:1, and the morning a
vaginal plug was detected was designated gd 0. There were four groups with 36 plug positive
(presumed pregnant) females per group. The doses of menatetrenone (vitamin K5) in 5% gum
anabic were 0 (vehicle), 10, 100, and 1000 mg/kg/day (equivalent to approximately five fold, 50
fold, and 200 fold the usual human dose), administered once daily by oral gavage on gd 7-17. A
total of 24 dams/group were terminated on gd 20, and the dams and conceptuses were examined
for maternal and/or developmental toxicity, including teratogenicity. The fetuses were subjected
to external (all/litter), visceral (approximately one-third/litter), and skeletal examination
(approximately two-thirds/litter after double staining with alizarin red S for ossified structures
and alcian blue for cartilaginous structures). The remaining 12 dams/group were allowed to
deliver their F1 litters, with the date of delivery designated pnd 0. The pups were examined,
weighed, and sexed throughout lactation. On pnd 4, each litter was adjusted to eight pups,
four/sex/litter. During lactation, the F1 pups were examined for physical growth and functional
development (including pinna detachment, incisor eruption, eye opening, palmar grasp reflex,
auditory startle, and righting reflex). At weaning, FO dams and 1 F1 pup/sex/litter were
terminated and necropsied, with organs weighed, examined grossly, and then examined
histopathologically. In addition, one additional F1 pup/sex/litter was terminated at weaning,
double stained with alizarin red S and alcian blue, and their skeletons examined. The remaining
F1 pups/litter, retained after weaning on pnd 21, were evaluated in a series of tests: one-minute
motion test, struggle response, surface righting reflex, withdrawal reflex, pinna reflex, Preyer’s
reflex (to noise), visual placing, and tail flick. In addition, five-week-old F1 pups of both sexes

were observed in an open field test. Six-week-old F1 pups of both sexes were evaluated in the
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rotarod test, a pain test, and a pole climbing (learning) test. At eight to nine weeks of age, pups
of both sexes were evaluated for heart rate, respiration, and blood pressure. Postwean retained
F1 pups were also evaluated for acquisition of testes descent (starting on pnd 21) and vaginal
patency (starting on pnd 30).

One F1 male and one F1 female/litter were designated for breeding at 13 weeks of age,
with 1:1 pairing within dose groups, avoiding sibling mating. Pairing was for a maximum of 14
days, with the date of vaginal sperm or a copulation plug designated gd 0. The pregnant F1
females were allowed to deliver their F2 litters. The F1 dams and their F2 pups were maintained
until pnd 7, with pup counts, sexes, body weights, gross abnormalities, and mortalities recorded
onpnd 1,4, and 7. The F2 pups were terminated on pnd 7, and the F1 dams were terminated on
pnd 7-10. F1 females which never mated and all F1 males were terminated after pregnancies

were counted in each group.

3.2.1 Prenatal Developmental Toxicity Results

At the gd 20 necropsy of FO dams and F1 fetuses, there were no effects of treatment or
dose on maternal survival, pregnancy rate, or maternal body weights on gd 0 and daily on gd 7-
20. Maternal body weight gain exhibited a rebound (significantly increased body weight gain)
for gd 17-20 at all doses in the postdosing gestational period. Feed and water intakes (g or
ml/rat) were also unaffected. At the gd 20 maternal necropsy, terminal body weights were
equivalent, and there were no effects on absolute or relative weights of the maternal liver,
kidneys, or spleen across all groups. The maternal adrenal gland absolute and relative weights
were equivalent at 0 through 100 mg/kg/day and slightly (but statistically significantly) reduced
at 1000 mg/kg/day (mean absolute weight 89.47% of control, mean relative weight 90.35% of
control). The mean numbers of ovarian corpora lutea/dam were equivalent across all groups, as
were the mean numbers of implantation sites/dam. There were no effects of treatment or dose on
incidence of resorptions (or fetal deaths, with only one at 10 mg/kg/day). The percentage of live
fetuses was significantly increased at 1000 mg/kg/day. The number of live fetuses/litter, sex
ratio, mean fetal body weight, and placental weight/litter were all equivalent across all groups.
There were no effects of treatment or dose on incidence of fetal malformation or variations,
including no effects on ossification patterns, skeletal variants, or on the number of ossified sacral

plus caudal (tail) bodies (vertebrae).
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3.2.2 Postnatal Developmental Toxicity Results

All 12 FO females in every group were pregnant, and 12 at 0, 100, and 1000 mg/kg/day
(and 11 at 10 mg/kg/day) delivered live litters. Maternal body weights and weight gain during
gestation and lactation were equivalent across all groups. Maternal feed and water consumption
were also equivalent across all groups during gestation and lactation. There were no effects on
duration of gestation, number of implantation sites, total or live F1 pups/litter, or sex ratio. All
FO dams exhibited appropriate nursing behavior (i.e., eating placentae, retrieving pups, nursing,
lack of cannibalism). Survival ratios pre- and poststandardization (to eight pups, four/sex/litter
on pnd 4) were also high and equivalent across groups. F1 pup male and female body
weights/litter were also equivalent across all groups throughout lactation. There were no effects
of dose or treatment on acquisition of lactational developmental landmarks or reflex behavior in
F1 pups. For the F1 pups necropsied at weaning (pnd 21), there were no differences among
groups for absolute or relative weights of the liver, kidney, spleen, brain, adrenal gland, testes for
males, or ovaries for females. There were also no effects on histopathological findings of organs
from weanlings of either sex across all groups. The skeletal evaluations of the weanlings were
also equivalent across all groups. Age at acquisition of vaginal patency (F1 females) or testes
descent (F1 males) was also equivalent across all groups. There were no effects of treatment or
dose on any of the open field evaluations, reflex evaluations, time for tail flick, or for body
weights for F1 males and females. Parameters for the rotarod test, pain test, and pole climbing
test were also all equivalent for across all groups. Respiration, heart rate, and blood pressure
were equivalent across all groups for F1 males. Respiration and blood pressure were equivalent
across all groups for F1 females; heart rate was slightly (but significantly) increased at 1000
mg/kg/day (p<0.05), but the mean value for 10 mg/kg/day exceeded that at 1000 mg/kg/day.
Body weights of the retained F1 animals (males and females), starting at weaning (three weeks
of age) through week 10 were equivalent across all groups. Body weight gain for F1 males for
weeks 3-5 and 5-7 were also equivalent across all groups. F1 male weight gain for weeks 7-10
was significantly lower at 1000 mg/kg/day (p<0.05) but similar to the value at 10 mg/kg/day. F1

female body weight gains were equivalent across all groups for all intervals examined.

3.2.3 Postnatal Reproductive Toxicology Results
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When the 11-12 F1 males and females/group were paired at approximately 13 weeks
after birth, there were no differences among groups for percentage of pairs copulating, precoital
interval (days to copulation), percent pregnancies, deliveries, or nursing. There were no dead F1
dams. Body weights during gestation, gestational weight gain (gd 0-20), lactational body
weights (pnd 1, 4, and 7), and lactational weight gain (gd 1-7) were also all equivalent across all
groups. Duration of gestation, number of implantation sites/litter, and live F2 neonates/litter
were all equivalent across groups. The percentage of dead F2 newborns was significantly
reduced (and the live birth ratio therefore significantly increased) at 10, 100, and 1000
mg/kg/day. F2 sex ratio was equivalent across all groups. F1 maternal behavior was equivalent
across all groups. F2 litter sizes on pnd 0, 1, 4, and 7 were equivalent across all groups. The
percentage of dead F2 neonates was significantly reduced at 100 mg/kg/day. F2 pup body
weights were equivalent across all groups for pnd 1, 4, and 7, except for significantly reduced F2
male and female body weights at 10 (but not 100 or 1000) mg/kg/day on pnd 4.

The authors (Goto et al., 1986) did not confirm the findings of Mikami et al. (1981) and
concluded that the no-effect dosage of vitamin K, is 1000 mg/kg/day for adults, parents, and
offspring.

3.3 Ohsumi et al. (1986)
3.3.1 Rabbit Developmental Toxicity Study

Ohsumi et al. (1986) administered menatetrenone (vitamin K5) in gum arabic vehicle to

timed-pregnant, six- to seven-month-old JW-N1BS female rabbits (from the Test Animal Center
of Eisai Co., Ltd.), which had been bred in-house 1:1 with syngenic males. Copulation was
confirmed by visual observation or by a sperm-positive vaginal smear. The does were dosed by
oral gavage once daily in the morning on gd 6-18 (13 days), with the dosing volume 10 ml/kg,
calculated on each dosing day. The doses were 0 (vehicle), 10, 100, and 1000 mg/kg/day.
Clinical signs, body weights, and feed and water consumption were recorded frequently
throughout gestation. Blood was collected from an ear vein (into heparin-containing tubes) from
seven does/group on gd 19 (the day after the last dose), and hematology and clinical chemistry
parameters were assessed. All does were terminated on gd 28. In seven does/group, maternal
liver, kidney, spleen, heart, and adrenal gland were weighed, fixed, and evaluated

histopathologically. Does exhibiting premature labor or spontaneous abortion were terminated,
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and the organs plus “womb” (uterus) and ovary were removed and examined. At scheduled term
necropsy, the ovarian corpora lutea were counted, the uterus removed, total implantations,
resorptions, dead fetuses, and live fetuses counted, and placentas weighed. Live fetuses were
weighed, crown-rump length and tail length measured, and the fetuses individually identified.
The live fetuses were then incubated at 30-35°C and 70-80% humidity and observed for any
clinical signs or mortality at 1, 3, 6, and 24 hours. For dead fetuses, the skeletal examination was
done by the soft x-ray method and the carcass fixed in Bouin’s fixative for internal examination.
The live fetuses were euthanized and the abdominal wall incised to determine sex and status of
abdominal organs. Two fetuses/doe were sacrificed under pentobarbital anesthesia, and the liver
and kidney were removed, weighed, fixed, and examined histopathologically. Fifty percent of
the live fetuses/litter were fixed in ethanol, double stained for cartilage and bone (alcian blue and
alizarin red S, respectively), and examined for ossification patterns and skeletal variations and
malformations. The other 50% of the live fetuses/litter were sacrificed by CO, asphyxiation, and
the abdominal organs examined after opening the abdominal cavity. The diaphragms were then
cut and the bodies fixed in Bouin’s fixative and refixed in 80% alcohol. The internal

morphology of the head and chest was then examined by Wilson’s serial sectioning method.

3.3.2 Maternal Results

There were two does at 100 mg/kg/day and three does at 1000 mg/kg/day which aborted
or suffered from premature labor on gd 25-28. These findings did not exhibit statistically
significant differences in incidence across groups. Therefore, there were 14, 13, 9, and 9 does
(and litters) at 0, 10, 100, and 1000 mg/kg/day, respectively. Maternal body weights on gd 0 and
daily on gd 6-28 were equivalent across all groups, as was maternal body weight gain for gd 0-6,
6-18 (dosing period), and 18-28. Maternal feed consumption was equivalent at 0 through 100
mg/kg/day for all intervals and significantly reduced (p<0.05 for all) at 1000 mg/kg/day for days
7,8,9, 12, 14, 16 (during the dosing period), and 20 (in the postdosing period). Water
consumption was significantly reduced only at 1000 mg/kg/day for days 7, 9, and 12 (during the
dosing period). There were no differences in any hematologic parameters on gd 19 across
groups for seven does/group. Biochemical parameters were similarly unaffected across all
groups (on gd 19) except for significantly reduced globulin (in g/dl) at 1000 mg/kg/day (p<0.05).

Maternal organ weights at necropsy were equivalent across all groups.
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3.3.3 Embryofetal Results

The numbers of ovarian corpora lutea and uterine implantation sites were equivalent
across all groups. The implant ratio (no. live/total implants) was significantly increased at 100
mg/kg/day. The number and percentage of resorptions, dead fetuses, live fetuses, live
fetuses/litter, sex ratio, mean fetal body weight, mean placental weight, mean crown rump length
or tail length, and fetal survivors after 24 hours of incubation were all equivalent across all
groups. There were no fetal malformations in any fetuses in any group. For completeness, one
fetus at 10 mg/kg/day exhibited a flexion contraction of the wrist joint. There were no
differences in fetal ossification patterns in any group, including the number of sacral and caudal
vertebrae, nonossified 5™ sternebra (the last of the six to ossify), nonossified “oleclanon,” or
underdeveloped phalanges in the fore- or hindlimbs. There were also no differences among
groups in the incidence of fetal variations, such as the 13" 1ib (rabbits usually have 12 pairs),
eight lumbar vertebrae (rabbits usually have seven), asymmetrical sternebrae, etc. There were no
differences among groups for the two fetuses examined/doe, totaling 27, 28, 18, and 18 fetuses at
0, 10, 100, and 1000 mg/kg/day, respectively, for body weight or absolute and relative liver or
kidney weights.

Based on the above results, Ohsumi et al. concluded that the NOAEL of K, was 100
mg/kg/day for the does and 1000 mg/kg/day for embryofetal development in rabbits after

maternal oral exposure during major organogenesis.

40 CONCLUSIONS

The oral LDs, for menatetrenone (vitamin K,; MK-4) is 5000 mg/kg (Mikami et al.,
1981), and most of the studies reviewed in this document resulted in no adult, parental, or
developmental toxicity up through 1000 mg/kg, the highest oral dose tested (“ip” dosing also
resulted in no toxicity up through 500 mg/kg, the highest dose tested). Acute, subchronic, and
chronic studies in rodents have been negative. Rat, mouse, and rabbit Segment II
(developmental toxicity) studies have also been uniformly negative for offspring, up to and
including oral doses of 1000 mg/kg. Ohsumi et al. (1986) in their Segment II rabbit study
indicated a maternal NOAEL of 100 mg/kg/day and an embryofetal NOAEL of 1000 mg/kg/day.
Goto et al. (1986), with daily dosing during prebreed, mating, and early gestation (to gd 7), or
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from late gestation to weaning (sd 17 to pnd 21) at the same doses, found no effects on dams,
fetuses, or postnatal offspring rats, and determined the NOAEL for adult maternal, fetal, and
offspring rats to be 1000 mg/kg. The only study with developmental toxicity (F1 and F2
neonatal deaths) is the Mikami et al. (1981) pre- and postnatal study at 1000 mg/kg/day, with
reviewer concerns that the animal room was kept rather cool for rodent newborns and the lack of
clear dose-response or generation-to-generation patterns.

In the absence of any effects on prebreed, early gestation (to gd 7), or late gestation (gd
17 to pnd 21) in the study by Goto et al. (1986), and in the absence of a dose-response pattern in
the effects observed by Mikami et al. (1981), it is this reviewer’s opinion that the weight of
evidence of the human and animal studies indicates that menatetrenone is not likely to present
any hazard to reproductive processes in humans at doses of up to 1 mg/kg. A minimum safety
margin can be calculated of 100 (lowest animal developmental toxicity NOAEL of 100
mg/kg/day by Mikami et al. (1981) versus highest human dose of 1 mg/kg/day) to 1000 (based
on the developmental toxicity NOAEL of 1000 mg/kg/day established by Goto et al., 1986, and

Ohsumi et al., 1986, for developmental toxicity in rats and rabbits, respectively).
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