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In accordance with 21 CFR, Part 190, Sec. 190.6 "Requirement for premarket notification," we are submitting this new dietary ingredient notification for the dietary ingredient Omega-3 Phospholipids . Please note the following : 

1 . Name and Address of the Manufacturer of the New Dietary Ingredient 

Natural ASA 
Strandveien 15 
N - 1325 Lysaker 
Norway 

2. Name of the New Dietary Ingredient 

Omega-3 Phospholipids 

3. Description of the Dietary Supplement that will contain the New Dietary Ingredient 

Omega-3 Phospholipids is a dark, viscous liquid containing a mixture of phospholipids and triglycerides ; :with a small amount of ethyl esters and free fatty acids. Omega-3 Phospholipids is rich in the long-chain omega-3 polyunsaturated fatty acids, eicosapentaenoic acid and docosahexaenoic acid . Each gram of Omega-3 Phospholipids contains 105 to 135 mg of EPA and 50 to 75 mg of DHA, and 155 to 210 mg combined EPA+DHA, with an EPA:DHA ratio of approximately 2:1 . The recommended use of Omega-3 PL is the consumption of up to 4 g/day. 
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Data supporting that Omega-3 Phospholipids is expected to be reasonably safe under the 
conditions of indicated use are provided in the attachment . 

The original and two copies of the Notification are attached, including appendices and references . We 
trust that the information provided meets the requirements of a New Dietary Ingredient Notification as 
indicated in 21 CFR §190.6 . If you have any questions or comments regarding the content of this 
submission, please do not hesitate to contact Egil Nilsen at +47 91 18 66 67 
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NEW DIETARY INGREDIENT NOTIFICATION FOR 
OMEGA-3 PH4SPHOLIPIDS 

In accordance with the Dietary Supplement Health and Education Act of 1994 (DSHEA), 
21 U.S.C . §350b (a) (2), and with final regulations (21 CFR § 190.6) published in the Federal 
Register (FDA, 1997a) "Requirement for Premarket Notification", the following information is 
submitted by Natural ASA in support of a New Dietary Ingredient Notification for Omega-3 
phospholipids (Omega-3 PL). Natural ASA intends to market Omega-3 PL as a dietary 
supplement in the United States . The term "dietary supplement" is defined in 21 U.S.C . 321(ff) 
as, among other things, a "product (other than tobacco) intended to supplement the diet that 
bears or contains one or more of the following dietary ingredients: (A) a vitamin ; (B) a mineral; 
(C) an herb or other botanical; (D) an amino acid ; (E) a dietary substance for use by man to 
supplement the diet by increasing the total dietary intake ; or (F) a concentrate, metabolite, 
constituent, extract, or combination of any ingredient described in clause (A), (B), (C), (D), or 
(E) ." Omega-3 PL is a dietary ingredient that may be lawfully used in dietary supplements, in 
accordance with 21 U.S.C . 321 (ff)(1)(E) . As per the statutes of the DSHEA, 21 U.S .C . § 350b 
(a) (2), Natural ASA will not introduce, market, distribute or sell Omega-3 PL until at least 75 
days following official acknowledgement of the receipt of this notification by the U.S . Food and 
Drug Administration (FDA). 

SECTION 1 

The name and complete address of the manufacturer of the dietary supplement that contains 
the dietary ingredient, or the dietary ingredient . 

Natural ASA 
Strandveien 15 
N - 1325 Lysaker 
Norway 

Contact: Egil Nilsen 
Natural ASA 
Business Development Manager 
Strandveien 15 
N - 1325 Lysaker 
Norway 
Tel : +47 91 18 66 67 
Fax: +47 92 37 54 92 
E-mail : eail@natural .no 

Natural ASA 
May 15, 2006 
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SECTION 2 

2.1 The Name of the Dietary Ingredient 

The name of the new dietary ingredient manufactured by Natural ASA is Omega-3 
Phospholipids (Omega-3 PL). Omega-3 PL is predominantly a mixture of phospholipids (PL) 
and triglycerides (TG), with a small amount of ethyl esters and free fattv acids . 

Natural ASA 
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SECTION 3 

Description of the dietary supplement or dietary supplements that contain the dietary 
ingredient including (i) the level of dietary ingredient in the dietary supplement, and (ii) 
the conditions of use recommended or suggested in the labeling of the dietary 
supplement, or if no conditions of use are recommended or suggested in the labeling of 
the dietary supplement, the ordinary conditions of use of the supplement . 

Omega-3 PL is a fish oil supplement in which the long-chain omega-3 fatty acids, EPA and 
DHA, are present primarily in TG form, and secondarily, in PL form . The fatty acid composition 
of Omega-3 PL is presented in Table 3-1, and the fractional lipid composition of Omega-3 PL is 
presented in Table 3-2 . Certificates of Analysis for fatty acid profiles and fractional lipid 
analyses of different batches of Omega-3 PL can be found in Appendix C. Final product 
specifications can be found in Appendix B. 
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Omega-3 PL is a dark viscous liquid . Each gram of Omega-3 PL will contain 105 to 135 mg of 
EPA and 50 to 75 mg of DHA, providing a total EPA+DHA intake of approximately 155 to 
210 mg and an EPA:DHA ratio of approximately 2:1 . The recommended use of Omega-3 PL is 
the consumption of up to 4 g/day. Assuming the maximum levels of EPA and DHA, this usage 
would provide a daily intake of up to 540 mg EPA, 300 mg DHA, 840 mg combined EPA+DHA. 
Usage of Omega-3 PL is not restricted to any target population ; the only subpopulations 
excluded from using Omega-3 PL are individuals allergic to fish and persons taking 
anticoagulants . There is no limitation on the duration of Omega-3 PL use. 

Several fish oils are currently approved for use as dietary supplements in the United States . 
These fish oils, as well as their recommended doses, are summarized in Table 3-3. The 
combined intake of EPA+DHA from recommended intakes of these supplements ranges from 
approximately 300 mg/day to just over 1,000 mg/day. The proposed intake of up to 4 g/day of 
Omega-3 PL would result in the intake of up to 840 mg/day combined EPA+DHA, which is 
within the range of intakes from the recommended use of other long-chain omega-3 fatty acid 
supplements. In addition, the ratio of EPA:DHA in Omega-3 PL is essentially identical to the 
ratio found in Krill OiITM (approximately 2:1) . 

Natural A5A 
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Table 3-3 Fish Oils Approved as New Dietary Ingredients in Dietary Supplements: 
Indications of Use 

Company Document 
N b 

New 
Di t 

Indications for Use Total Daily Intake (mg) Ratio of 
um er e ary EPA:DHA 

Ingredient EPA+DHA EPA QHA 

Natural ASA - - 

Neptune RPT 131 Neptune 1 gram of oil per gel-cap 278.8 to 183 95.8 t .9 :1 
Technologies Krill OiVM with a recommended daily 836.4 to to 
and intake of 1 to 3 gel-caps 549 287.4 
Bioresources per day. No limitation on 

the duration of use. The 
only subpopuiations 
excluded from using Krill 
Oil are persons with 
seafood allergies and those 
taking anticoagulants . 

Martek RPT 110 DHA Up to 6 g/day. 1260 90 1080 1 :12 
BioSciences GOLDO 
Corporation"' Golden 

Algae 

Clover RPT 130 HiODHA One gram per day. 360 80 280 1 :3 .5 
Corporation Tuna Oil 
Ltd. 

Monsanto RPT 17 DHA One gram per day. 376.3 26.3 350 1 :13 
Company GaIdT"' 

Marine 
Microalgae 
Oil- 

* The specifications for EPA, DHA, and EPA+DHA are 105 to 135 mg/g, 50 to 75 mg/g, and 155 to 210 mg/g, 
respectively . These intake levels were calculated using the maximum levels of EPA and DHA indicated in the 
specifications . 
'* Acquired original manufacturer, OmegaTech Inc. 
**" Formerly called SeaGoIdT"' DHA-rich Oil. 

The recommended intake of Omega-3 PL results in a combined EPA+DHA intake that is below 
the FDA limit of 3,000 mg/day combined EPA+DHA. Also, the amount of DHA and EPA 
provided by the recommended use of Omega-3 PL is well below the 2,000 mg/day maximum 
dose that FDA recommends for dietary supplements containing fish oil (FDA, 2000b [Docket No. 
91 N-0103]) . The recommended use of Omega-3 PL would also provide up to 1 .0 g PC, which 
corresponds to about 130 mg chaline . This amount of choline is approximately 3.7% of the 
Tolerable Upper Intake Level for choline (i.e., 3.5 g/day) (Standing Committee on the Scientific 
Evaluation of Dietary Reference Intakes, Food and Nutrition Board, Institute of Medicine) . 
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SECTION 4 

The history of use or other evidence of safety establishing that the dietary ingredient, 
when used under the conditions recommended or suggested in the labeling of the 
dietary supplement, will reasonably be expected to be safe, including any citation to 
published articles or other evidence that is the basis on which the distributor or 
manufacturer has concluded that the dietary supplement will reasonably be expected to 
be safe. 

4.1 Introduction 

PL are naturally present in all cell membranes (Houtsmuller, 1979), where they play a pivotal 
role in the regulation of cell membrane properties such as fluidity, permeability, and membrane-
bound enzyme activity (Wang et al., 2000) . In addition to being important sources of energy, PL 
are also important sources of long-chain polyunsaturated fatty acids (LC-PUFA), such as EPA, 
DHA, and arachidonic acid (AA), which are necessary for normal infant growth and brain 
development. Very high concentrations of LC-PUFA are found in brain PL of grey matter and 
retinal membranes, especially in photoreceptor cells (Wang et al., 2000) . 

While the majority of dietary ingredients used in fish oil supplements provide EPA and/or DHA in 
TG form, in Omega-3 PL, these LC-PUFA are provided both in TG form and in PL form . Thus, 
in the safety evaluation of Omega-3 PL, these constituents, namely PL and the fish oils (EPA 
and DHA), were examined individually and in combination as "Omega-3 PL". Several aspects 
were considered in the safety evaluation of Omega-3 PL, including current FDA regulations 
regarding lecithin, EPA, and DHA, background exposure in the diet, metabolism, genotoxicity, 
general and developmental toxicity, and human clinical trials . Because other fatty acids are 
present in Omega-3 PL, the safety of these fatty acids was evaluated with reference to their 
natural abundance in the diet . 

4.2 Regulatory Status 

4.2.1 Omega-3 PL 

While there are regulations in the United States pertaining to the maximum amount of EPA and 
DHA that can be consumed safely from foods and from dietary supplements, regulations 
pertaining to the form of these fatty acids do not exist (i.e., these fatty acids can be administered 
in TG form or in the form of PL, ethyl esters, or as free fatty acids) . An EPA/DHA formulation 
that is predominantly in PL form and that is currently being regulated as a dietary supplement in 
the U.S . (Docket No. 95S-0316), Canada, and Japan is Krill Oil (Neptune Technologies, 
Quebec, Canada). 

Natural ASA 11 
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Krill Oil is isolated from the Krill, which is a small shrimp-like marine crustacean . Although Krill 
Oil and Omega-3 PL vary in their fatty acid compositions and fractional lipid profiles, they are 
similar in the ratio of EPA:DHA, as well as in the total amount of phospholipids 

4.2.2 Lecithin 

Lecithin, meeting FCC specifications, has GRAS status in foods with no limitations other than 
current GMP [21 CFR § 184.1400(c)] (CFR, 2005a) . Lecithin also has GRAS status as a 
general purpose food additive (21 CFR § 582.1400) (CFR, 2005b) . The Meat and Poultry 
Inspection Division lists lecithin as an "Emulsifying Agent", and approves its use as an emulsifier 

Natural ASA 
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and an antioxidant in oleomargarine (up to a maximum of 0.5%), and in shortening and various 

meat and poultry products (in amounts "sufficient for purpose"). 

4.2.3 EPA/DHA 

The FDA has established a maximum daily intake of 3.0 g of DHA and EPA. This level was 
initially established in 1997 when the FDA determined that menhaden oil was GRAS up to a 
level which provided a maximum of 3 .0 g DHA+EPA/day. Since this ruling, FDA has received 
notices from several other companies that have concluded that fish oils, other than menhaden 

oil, are GRAS for use in the same food categories as those listed in 21 CFR 184.1472(a) (3) at 
maximum use levels that are designed to assure that the combined daily intake of EPA and 
DHA would not exceed 3 g per person per day (CFR, 2005a). As in the final ruling far 
menhaden oil, the GRAS status of these fish oils was based on the use of the fish oil product as 
the sole added source of EPA and DHA, and not in combination with other EPA/DHA-rich oils . 
A summary of fish oils that have self-affirmed GRAS status can be found in Table 4.2-2 . Some 

of these oils have a total content of EPA+DHA that is greater than the level in menhaden oil, 
which is 20%. In addition, the ratio of EPA:DHA varies from 1 :12 in algal oil (Martek 
Biosciences Corp.) to 1 .6:1 in the 18/12 TG oil (Ocean Nutrition Canada Ltd.) . In Omega-3 PL, 
EPA+DHA are present in amounts up to 21 .0% total, by weight, and the ratio of EPA:DHA is 
approximately 2 :1 . Thus, Omega-3 PL has an EPA and DHA composition that is typical of other 
fish oils . 

Table 4.2-2 Sources of Omega-3 Fatty Acids with Self-Aifirmed GRAS Status for Direct 
Use in Food 

I Company GRAS Oil Source % Total % °/a, Ratio of 
Notice EPA+DHA* EPA* DHA* EPA:DHA 
Number 
(Date) 

Natural ASA`* Not I . 
applicable 

Not applicable Not Menhaden Menhaden 20.0 12 8 1 .5 :1 
applicable 

Jedwards 000146 Salmon Salmon 20.0 8 12 1 :1 .5 
International (August 17, 

2004 - FDA, 
2004b) 

Ocean Nutrition 000138 18/12 TG Anchovy (95 - 99%), 30.3 18.5 11 .8 1 .6 :1 
Canada Ltd. (April 20, sardine (1 - 5%), jack 
(c/o Jheimbach 2004 - FDA, mackerel, Pacific 
LLC) 2004a), mackerel, and other 

occasional species. 

Martek 000137 Algal Schizochytrium sp . 38.0 3 35 1 :12 
Biosciences (February 
Corp . 12,2004- 

FDA, I 2004c) 
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Table 4.2-2 Sources of Omega-3 Fatty Acids with Self-Affirmed GRAS Status for Direct 
Use in Food 

' Company GRAS Oil Source % Total % %, Ratio of 
Notice EPA+DHA* EPA* DHA* EPA:DHA 
Number 
(Date) 

Clover 000109 Tuna Tuna (skipjack, 32.5 6 26.5 1 :4 .4 
Corporation (December yeliowfin, albacore, 
(c/o Piper 4,2002- bigeye) 
Rudnick, LLP) FDA, 2002a) 

Unilver United 000105 Fish Oil Anchovy, sardine, 38 20 18 1 .1 :1 
States Inc. (October 15, Concentrate jack mackerel, 

2002 - FDA, (Marinal Oil mackerel 
2002b) Omega-3 

Concentrate) 

Jedwards 000102 Small Sardine, anchovy 30.0 18 12 1 .5 :1 
International (September planktivorous 

3,2002- pelagic fish 
FDA, 2002c) body oil 

(SPPFBO) 

` Percentages of the long-chain omega-3 fatty acids are expressed by weight . 
~" Omega-3 PIL has been included in the table only for reference. 
In 2004, the FDA reaffirmed that the intake of DHA and EPA must not exceed 3.0 g/day from all fish oil sources (FDA, 
2004d), and recommended that dietary supplements provide a maximum of 2 g/day combined EPA and DHA (FDA, 
2000b [Docket No . 91 N-0103]) . 

4.3 Background Exposure From the Diet 

4.3.1 Omega 3 Phospholipids 

Omega-3 PL occur naturally in several foods, including food sources of marine origin, eggs 
(both regular and omega-3 enriched), human milk, and infant formula. In addition, Omega-3 PL 
has a similar fatty acid composition and fractional lipid profile as Krill Oil (Neptune Technologies 
and Bioresources, Quebec, Canada), an ingredient that is currently approved for use in dietary 
supplements in the United States (Docket No. 95S-0316) . Krill Oil is discussed in Section 4.2.1 . 

4.3.1 .1 Omega-3 Phospholipids in Marine Foods 

EPA- and DHA-rich PL are known to occur naturally in many marine food sources, including 
fish, shellfish, and algae. An analysis of lipid classes, fatty acids, and sterols in samples of fish 
and seafood from Gilbert Bay, South Labrador has recently been conducted (Copeman and 
Parrish, 2004). These results are summarized in Table 4.3-1 . The PL fraction in fish and 
seafood can account for up to 75% of total lipids, with the flesh of fish generally having a greater 
composition than fish livers . EPA and DHA are also fairly concentrated in fish and seafood, and 
are within the range found in Omega-3 PL. These data suggest that a 100 g serving of cooked 
blue mussels, which contains 4.48 g of fat (USDA, 2005) would provide approximately 1 .47 g 
EPA+DHA and 1 .69 g PL, and a 100 g serving of cooked Atlantic herring, which contains 
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11 .59 g of fat (USDA, 2005) would provide approximately 1 .83 g EPA+DHA and 0.74 g PL. For 
comparison, the highest recommended intake of Omega-3 PL (4 g/day) would result in an intake 
of up to 840 mg EPA+DHA and 2.2 g PL. 

Table 4.3-1 Phospholipid and Long-Chain Omega-3 Fatty Acid Composition of Various 
Species of Fish and Seafood from Gilbert Bay, South Labrador 

Species Phospholipids 
(% Total Lipids) 

Long Chain Omega-3 Fatty Acids 
(% Total Fatty Acids) 

EPA DHA 

Fish Flesh Liver Flesh Liver Flesh Liver 

Gadus morhua (northern 
cod) 

54.9 ±6.5 12.3±7.0 19.1± 0.4 12.2 ±1 .7 32.6 ±1 .5 12.7 ±1 .2 

Gadus morhua (golden cod) 55.5 ± 3.3 13.3 ± 4.4 18.2 ±1 .4 14.3 ± 0.9 33.1 ± 2.6 15.0 ±1 .4 

Gadus ogac (rockcod) 43.9±5.4 11 .6±2.3 19.6±0.6 15.0±7.6 29.2±1 .4 12.7±6.4 

Clupea harengus (herring) 6.4 ± 2.1 35.8 ± 7.8 7.0±11 .4 14.4 ±1 .5 8.8 ± 0.5 23.5 ± 3.3 

Seafood Whole Body Whole Body Whole Body 

Serripes groenlandicus 
(Greenland cockle) 

49.9 ± 7.6 22.6 ± 1 .3 16.5 ± 1 .0 

Mytilus edulis (blue mussel) 37.8 ± 3.1 19.6 ± 1 .3 13.2 ±11 .0 

Chlamys islandica (Icelandic 
scallops) 

74.6 ± 3.7 26.9 ± 2.9 25.9 ±2.6 

Spisula solidissima (little 
~ surf clam) 

63.3 22.9 14.3 

Data are mean ± SD; adapted from Copeman and Parrish, 2004 . 

4.3.1 .2 Omega-3 Phospholipids in Eggs 

Although foods of marine origin represent the primary sources of omega-3 PL, consumption of 
these foods is low in many parts of the world, including the U.S . As an example, in 1995, the 
per capita fish consumption in Japan was 45 Ib whereas in the U.S., it was 3-fold less, 
averaging about 15 Ib (National Marine Fisheries Service, UN Food and Agriculture 
Organization, 1996). In an effort to increase the intake of DHA in the U.S ., DHA-enriched eggs 
were produced . The fatty acid composition of regular and DHA-enriched eggs, with respect to 
their omega-3 fatty acid content, is shown in Table 4.3-2 . The PL and TG fatty acid distribution 
of DHA-enriched eggs is shown in Table 4.3-3 . The consumption of 2 DHA-enriched eggs 
would result in an intake of 290.4 mg combined EPA+DHA, which is approximately 34 .5% of the 
highest proposed intake of EPA+DHA from Omega-3 PL. 
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Table 4.3-2 Omega-3 Fatty Acid Composition of Regular and DHA-Enriched Eggs* 
Fatty Acid Control Egg (mg/egg) DHA-enriched Egg (mg/egg) 

C18:3n-3 (ALA) 15.0 94.9 

C20:5n-3 (EPA) 0.0 10.2 

C22:6n-3 (DHA) 27.6 135.1 

Total omega-3 fatty acids 43.0 248.0 

Long-chain omega-3 fatty acids 28.0 153.0 

Short-chain omega-3 fatty acids 15.0 95.0 

Omega-6 to omega-3 ratio 1 9:1 2: 1 

" Adapted from Abril and Barclay, 1998 . 

Table 4.3-3 Omega-3 Fatty Acid Distribution in Egg Phospholipid and Triacylglycerol 
Fractions from DHA-Enriched Eggs* 

Fatty Acid PL (% total fatty acids) Triacylglycerol (% total fatty acids) 

C18:3n-3 (ALA) 0.00 1 .73 

' C20 :5n-3 (EPA) 020 0.00 

' C22 :6n-3 (DHA) 8.80 0.39 

" Adapted from Abril and Barclay, 1998 . 

4.3.1 .3 Omega-3 Phospholipids in Human Milk and Infant Formula 

Human milk and infant formula also contain omega-3 PL. The level of PL in human milk ranges 
from 20 to 40 mg/1 00 mL; the relative concentration of PC, phosphatidylethanolamine (PE), 
phosphatidylserine (PS), phosphatidylinositol (PI), and spingomyelin in human milk is 30%, 
28%, 5.3%, 4%, and 31 %, respectively (Jensen, 1989; cited in Gorbunov et al., 2001). The 
DHA content of human milk has been shown to vary widely across women living in different 
countries of the world, and is dependent on the maternal dietary intake of DHA (Sala-Vila et al., 
2003) . Women in the marine region of China have the highest level of breast milk DHA 
(approximately 2.75 g/100 g total fatty acids), followed by Canadian Inuit women (approximately 
1 .25 g/100 g total fatty acids) (Sala-Vila et a1., 2003) . DHA levels in lactating women living in 
the United States average 0.1 g1100 g total fatty acids (Innis, 2004) . 

A recent study assessing the fatty acid composition of total lipids and PL in breast milk from 
Japanese women reported that 10.1 % of DHA (1 .09% of total lipids) and 33.06% of EPA (0.13% 
of total lipids) are in the form of PL (Wang et al., 2000). Using these values and the total fat 
content of mature breast milk (USDA, 2005), the total daily intake of DHA and EPA, as well as 
the amount in PL form, were estimated (Table 4.3-4) . 
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On a per kilogram basis, the intake of EPA+DHA in infants who are exclusively breastfed for the 
first 3 months of life (10.22 mg/kg body weight/day) is very similar to the intake of EPA+DHA for 
a 70 kg adult from the proposed use of Omega-3 PL (up to 12 mg/kg body weight/day). In the 
calculations presented in Table 4 .3.1-4, the levels of DHA and EPA were each assumed to be 
100 mg/100 g total fatty acids (Innis, 2004); however, these levels are conservative, as a very 
wide range of DHA and EPA levels in breast milk from lactating women residing in the U.S . 
have been reported (DHA, up to 400 mg/100 g total fatty acids ; EPA, up to 300 mg/100 g total 
fatty acids ; Innis, 2004). Thus, on a per kilogram basis, the daily intake of DHA and EPA from 
breast milk may actually exceed the levels proposed in Omega-3 PL. 

In recognition of the need to match the long-chain polyunsaturated fatty acid (LC-PUFA) 
composition of infant formula to that of breast milk, the European Society of Pediatric 
Gastroenterology and Nutrition (ESPGHAN) Committee on Nutrition (Aggett et aL, 1991), the 
FAOIWHO Expert Committee on Fats and Oils in Human Nutrition (FAO/WHO, 1994), and the 
Commission of the European Union (European Commission, 1996), recommended that AA and 
DHA be included in infant formula at levels that are equivalent to those found in breast milk . A 
variety of purified lipid sources are being used to supplement infant formula with LC-PUFA, 
including egg yolk lipids, in which the LC-PUFA are in PL form, and single-cell cyanoficeae 
algae, fungi, and fish, in which the LC-PUFA are predominantly in the form of TG (Gil et al., 
2003). While formula-fed infants receiving an egg-PL DHA+AA enriched formula ingest a larger 
proportion of DHA in the form of PL, overall, they consume roughly half the amount of DHA as 
breastfed infants, and no EPA (Table 4.3-4). 
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Table 4.3-4 Total and Phospholipid DHA and EPA Levels in Breast Milk and 
DHA+AA-Enriched Infant Formula 

DHA (mg) EPA (mg) Combined DHA+EPA (mg) 
Total4 From PL4 Total4 From PO Total4 From PL 4 

mg mg/ mg mg/ mg Mg/ mg mg/ mg mg/ mg mg/ 
kg kg kg kg kg kg 
bw3 bw3 bw3 bw3 bw3 bw3 

Breast Intake per 4.38 0.71 0.44 0.07 4.38 0.71 1 .45 023 8.76 1 .42 1 89 0 30 
milk 100 g' 

. . 

Intake per 31 .67 5.11 3.20 0.52 31 .67 5.11 10.47 1 .69 63.34 10 22 13 67 2 21 
da~ 

. . . 

Egg PL Intake per 5.73 0.92 5.73 0 .92 0 0 0 0 5.73 0 92 5 73 0 92 
DHA+AA 100 g' 

. . . 

i h d enr e c 
formula Intake per 41 .4 6.67 41 .4 6.68 0 0 0 0 41 .4 6.68 41 4 6 68 

day~ 
. . 

' The value for total fat content of human mature milk (4.38 g/100 g) was derived from the USDA National Nutrient 
database (USDA, 2405). The same value was used in the calculations pertaining to the infant formula. 
2 The value for daily intake of breast milk (723 g/day) in exclusively breast-fed infants at 3 months of age was derived 
from the Child-Specific Exposure Factors Handbook (U.S . EPA, 2002). The same value was used in the calculations 
~pertaining to the infant formula. 
The value for the body weight of a 3-month-old infant (62 kg) was derived from the Child-Specific Exposure Factors 
Handbook (U.S . EPA, 2002) . The same value was used in the calculations pertaining to the infant formula_ 
4 DHA and EPA levels in breast milk were each considered to be 100 mg/100 g total fatty acids (Innis, 2004). 10.1% of DHA and 33.06% of EPA were considered to be in PL form (Wang et al., 200o). 
5 The amount of DHA and EPA in the egg PL DHA+AA enriched infant formula was 130 mg/l00 g total fatty acids and 
0 mg/100 g total fatty acids, respectively (Cartson et aL, 1998). 
Abbreviations : AA, arachidonic acid; BW, body weight; DHA, docosahexaenoic acid ; EPA, eicosahexaenoic acid ; PL, 
phospholipid . 
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4.3 .2 Lecithin 

The term lecithin is often used interchangeably with the term PC. Commercial lecithin, made 
from processed soyabeans and used as a food additive in nutrition supplements, is actually a 
mixture of PC (about 23%) and other PL (Canty et al., 1994) . PC contains about 13% choline, 
by weight (Canty et al., 1994). Lecithin is an important source of the essential nutrient, choline. 
Adequate intakes (AI) and Tolerable Upper Intake Levels (UL) for choline have been 
established by the Food and Nutrition Board, Institute of Medicine, National Academy of 
Sciences . The Adequate Intake (AI) for adults is 550 mg daily for men and 425 mg daily for 
women . The UL is 3.5 glday. 

Lecithin is a component of all biomembranes ; thus, most foods contain some lecithin (Zeisel et 
al., 1982) . While egg yolks, organ meats, spinach, nuts, and wheat germ are especially good 
sources of lecithin, there are many other sources of lecithin in the diet (Table 4.3-5). In addition, 
lecithin is used widely as an emulsifier in food manufacturing. Omega-3 PL contains 400 to 
550 mg/g total PL and150 to 250 mg/g PC. With the daily intake of up to 4 g/day Omega-3 PL, 
the maximum intake of total PL and PC is 2.2 g and 1 .0 g, respectively, corresponding to a 
maximum choline intake of 130 mg/day. 

JECFA reported that the average diet provided about 1 to 5 g daily of lecithin (JECFA, 1974) . 
Similarly, using data collected from the 1970s, Zeisel et al. (1982) estimated that Americans 
ingest about 6 g lecithin daily, corresponding to approximately 300 to 1,000 mg choline daily. 
An additional 100 mg/day are consumed from food products containing added lecithin (Zeisel et 
al., 1982) . Studies on lecithin intakes were conducted over 30 years ago and, since than, 
dietary intake patterns have changed considerably (Wurtman, 1979) . Intakes of processed 
foods and away-from-home dinners have increased substantially, thus increasing lecithin 
intakes (Wurtman, 1979) . At the same time, health-conscious Americans have reduced their 
consumption of cholesterol-rich fatty foods that are also a good source of lecithin (i.e ., eggs, 
meat, and dairy products) . Lecithin-containing food supplements have become popular in 
maintaining neurological and cardiovascular health, and have contributed to an increase in 
lecithin consumption (Wurtman, 1979). Thus, true lecithin intake levels are unknown; however, 
it seems likely that dietary patterns associated with a reduction in lecithin consumption are 
counterbalanced by those associated with increased lecithin intakes through supplementation . 
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Table 4.3-5 Lecithin and Choline Content of Some Common Foods 
Food Serving Size Lecithin (mg/serving) Choline (mg/serving) 

Apple 1 medium 29.87 0.39 

Banana 1 medium 326 2.85 

Beef liver 3.5 oz 3362.55 60.64 

Beef steak 3.5 oz 446.12 0.78 

Butter 1 tsp 6.8 0.02 

Cauliflower 1/2 cup 107 .06 6.79 

Corn oil 1 tbsp 0 .13 0.004 

Coffee 6 oz 2.05 18.59 

Cucumber 1/2 cup 3.06 1 .18 

Egg 

I 

1 large 2009.80 0.22 

Ginger ale 12 oz 1 .11 0.07 

Grape juice 6 oz 2.11 8.99 

Human milk 1 cup 27.08 2.10 

Iceberg lettuce 1 oz 2.86 8.53 

Infant formula 1 oz 2.97 0.818 

II Margarine 1 tsp 1 .74 I 0 .02 

Milk (whole) 1 cup 27.91 3.81 

Orange 1 medium 53.03 2 .91 

Peanut butter 2 tbsp 97,39 12.96 

Peanuts 1 oz 107.35 13.24 

Potato 1 medium 25.97 5 .95 

Tomato 1 medium 4.94 5 .50 

Whole wheat bread 1 slice 6.57 2 .52 

4.3.3 EPA/DHA 

Foods of marine origin are the most concentrated sources of EPA and DHA; thus, the 
prevalence of these foods in the diet is the primary factor affecting dietary intake of EPA and 
DHA. A 2.5-year study examining the eating habits of individuals residing in France revealed 
that the average DHA intake is 273 and 226 mg/day in men and women, respectively, and the 
average EPA intake is 150 and 118 mg/day in men and women, respectively (Astorg et al., 
2004). In contrast, the average daily intakes of DHA and EPA were reported to be 106 and 
56 mg/day, respectively, in Australia (Meyer et al., 2003) . In a study of the dietary intake of 
pregnant Canadian women, it was reported that the average intakes of DHA and EPA were 160 
and 78 mg/day, respectively (Innis and Elias, 2003). The recent production of DHA-enriched 
eggs and the incorporation of AA and DHA in infant formula have resulted in an increase in DHA 
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intake (see Section 4.3.1). In addition, DHA and EPA are being added to a multitude of foods 
such as yoghurt, cheese, milk, and margarine. 

4.3.4 Other Fatty Acids and Components Present in Omega-3 Phospholipids 

4.3.4.1 Other Fatty Acids Present in Omega-3 Phospholipids 

In addition to EPA and DHA, Omega-3 PL contains several other fatty acids (Table 4.3-6) . As 
discussed in the following sections below, these fatty acids are naturally present in the diet . 

' Table 4.3-6 Other Fatty Acids Present in Omega-3 Phospholipids* 
Fatty Acid Formula Trivial Name Level in Omega-3 PL (mg/g)** 

C14:0 Myristic acid 

C16:0 Palmitic acid 

C16:1 Palmitoleic acid 

C18:0 Stearic acid 

C18:1 Oleic acid 

C18:2 (n-6) Linoleic acid 

' C18:3 (n-3) a-Linolenic acid 

' C18:4 (n-3) Stearidonic acid 

C20:0 Eicosanoic acid 

C20:1 Eicosenoic acid 

C20:4 (n-6) Arachidonic acid 

C20:4 (n-3) Eicosatetraenoic acid 

C20:5 (n-3) Eicosapentaenoic acid (EPA) 

C22:1 (n-11) Cetoleic acid 

C22:5 (n-3) Docosapentaenoic acid 

C22:6 (n-3) Docosahexaenoic acid (DHA) 

C24:1 Tetracosanoic acid 

~ Only fatty acids present in amounts greater than 5 mg/g are presented. 
"' The level of each fatty acid is shown as a mean of five different analyses (see Appendix C for the C~ ~rtificate of 
Analysis for each data set) . 
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4.4 Metabolism 

4.4.1 Biosynthesis 

4.4.1.1 Lecithin 

PC, a normal and abundant human cell membrane constituent (Houtsmuller, 1979), can also be 
synthesized de novo via 3 distinct pathways (Zeisel et al., 1979). In the first pathway, called the 
cytidine diphosphate (CDP) choline pathway, choline is phosphorylated to phosphocholine via 
the enzyme choline kinase ; phosphocholine is then converted to CDP-choline (via 
CTP:phosphocholine cytidylyltransferase) and subsequently to PC (via CDP:choline : 
diacylglycerol cholinephosphotransferase) . PC can also by synthesized via the base-exchange 
pathway, where a free nitrogenous base (i.e ., choline) is interchanged with a PL-bound base 
(i.e., serine, inositol, ethanolamine) . The base-exchange pathway is also reversible, resulting in 
choline displacement from PC. Another pathway to PC synthesis involves the conversion of 
either PS or PE to PC . The conversion of PS to PC first requires decarboxylation of PS to yield 
PE ; PE then undergoes a series of 3 methylation reactions utilizing S-adenosylmethionine 
(SAM) as a methyl group donor. 

PC is an important source of the essential nutrient, choline. In addition to the metabolic 
pathways of biosynthesis outlined in the preceding paragraph, choline is utilized in 3 other 
metabolic pathways, including acetylation to the neurotransmitter acetylcholine, irreversible 
oxidation to betaine (a methyl donor), and generation of sphingomyelin. 

4.4.1 .2 EPA and DHA 

EPA and DHA can be synthesized from their 18-carbon precursor, alpha-linolenic acid, via the 
desaturation-elongation pathway. While alpha-linolenic acid is considered to be an essential 
fatty acid, DHA has come to be known as conditionally essential, since infants, particularly 
pre-term infants and those who are exclusively formula-fed, have a limited capacity to 
synthesize DHA endogenously (Cunnane et al ., 2000). It is noteworthy that the same enzymes 
involved in the synthesis of EPA and DHA from a-linolenic acid are also involved in the 
synthesis of AA from its precursor, linoleic acid (Figure 4-1) . Thus, a-linolenic acid and linoleic 
acid compete for the same elongation and desaturation enzymes. 
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=-~r Figure 4-1 Synthesis of Long-Chain Polyunsaturated Fatty Acids from Their 
18-Carbon Precursors 

Alpha-linolenic acid 
(18:3n-3) 

1 
Stearidonic acid 

(18:4n-3) 

l 
Eicosatetraenoic acid 

(20:4n-3) 

1 
Eicosapentaenoic acid 

(20 :5n-8) 

1 
Docosapentaenoic acid 

(22:5n-3) 
1 
1 
1 

Docosahexaenoic acid 
(22:6n-3) 

Linoleic acid 
(18:2n-6) 

Delta-6-desaturase 

Gamma linolenic acid 
(18:3n-6) 

Delta-6-elongase 
+ 

Dihomo gamma linolenic 
acid (20:3n-6) 

Delta-5-desaturase 

Arachidonic acid 
(20:4n-6) 

Delta-5-elongase 

Elongase 
Delta-S-desaturase 

Beta-oxidation 
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4 .4.3 Phospholipid Metabolism 

PL are present in every cell of the human body, where they function to compartmentalize and 
protect cellular components from the outside environment. While TG synthesis occurs only in 
the liver, adipose tissue, lactating mammary glands, and intestinal mucosal cells, all cells, 
except mature erythrocytes, are capable of PL synthesis. In addition, in cellular membranes, PL 
are continually being degraded, resynthesized, and remodeled. The following enzymes are 
important in the metabolism of phospholipids: 

" Phospholipase A2 catalyzes the hydrolysis of the ester bond in the sn-2 position of the PL, 
resulting in the formation of one free fatty acid and lysophospholipid ; 

Phospholipase A, causes cleavage of the ester bond at the sn-1 position of the PL, resulting 
in the formation of one free fatty acid and lysophospholipid; 

" Phospholipase B cleaves the ester bond either at the sn-1 or sn-2 positions of the PL, 
resulting in the formation of one free fatty acid and lysophospholipid; 

" Phospholipase C catalyzes hydrolysis of the ester bond at the sn-3 position of the PL 
(liberating the base and 1,2-diacylglycerol) ; and - 

" Phospholipase D, which hydrolyzes the nitrogenous base from PL and is involved in signal 
transduction . 

Clearly, PL represent an important class of membrane lipids in all body cells. Because PL are 
important in the maintenance of membrane stability and in signal transduction, they are 
constantly being remodeled and restructured . 

4.5 Animal Studies 

4.5.1 Acute Single Dose Toxicity 

No acute single dose toxicity studies for lecithin and for EPA and DHA were identified in the 
literature . 
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4.5.2 Repeated Dose Toxicity 

4.5.2.1 Lecithin 

The repeated dose toxicity of lecithin has been assessed in both short-term and long-term 
feeding studies. Short-term feeding studies of lecithin (i.e ., 2 weeks in duration) were 
conducted in mice, rats, and rabbits (Table 4.5-1) . Deaths were not observed in any of the 
studies, and the oral LDSO ranged from 4.75 ± 0.64 g/kg (in rabbits) to >16 g/kg (in rats and 
mice) . 

Table 4.5-1 Short-Term Toxicity Studies of Lecithin 
Reference" Animals Sample Size Lecithin Dose and Results 

Study Duration 

FDRL, Albino CD-1 5 groups (n=5 males 1, 2, 4, 8, or None of the animals died . Oral 
1973a outbred mice. and 5 females per 16 g/kg/day for 2 LDSO was >16 g/kg . 

group) . weeks. 

FDRL, Albino Wistar 5 groups (n=5 males 1, 2, 4, 8, or None of the animals died . Oral 
1973b rats . and 5 females per 16 g/kg/day for 2 LDso was >16 g/kg . 

group) . weeks. 

FDRL, Dutch-Belted 5 groups (n=5 males 3, 4, 8, 9, or None of the animals died . Oral 
1973c rabbits. and 5 females per 16 g/kglday for 2 LDSO was 4.75 ± 0.64 g/kg. 

group) . weeks. 

" All studies cited in CIR, 2001 . 

Lechowski et al. (1999) studied the effects of long-term administration of a lecithin-
supplemented diet on the biochemical profile and morphological changes in the liver of rats fed 
different animal fats . Male Wistar rats (8 weeks old) were randomly divided into 8 groups 
(n=8/group) and fed fully synthetic diets containing various animal fats (beef tallow, pork fat, or 
fish oil) with or without lecithin supplementation for 36 days . Two control groups consumed a 
diet without added fat, either with or without lecithin . Lecithin was supplemented at a level of 
5%, by weight . Lecithin supplementation did not result in any pathological lesions in the liver. 
Fatty degeneration of hepatocytes was less pronounced in all groups that were supplemented 
with lecithin . Lecithin supplementation had favorable effects on total and HDL cholesterol. 

Brantom et al. (1973) assessed the effects of chronic consumption of a diet containing 4% soya 
lecithin in 48 male and 48 female SPF Wistar rats . Rats consumed the lecithin-enriched diet for 
2 years, and feed consumption, body weights, mortality, hematology, organ weights, and gross 
and microscopic organ pathologies were compared to rats consuming a control diet . The mean 
lecithin intake was 1,470 and 2,280 mg/kg/day for males and females, respectively . Although 
there was a trend to increased feed consumption and body weight in the lecithin-supplemented 
group, there were no significant differences observed between groups in any of the other 
parameters measured. 
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4.5.2.2 DHA and EPA Studies 

Several animal studies were identified in which the safety of DHA and EPA consumption was 
examined . In one study, 5-week-old male Otsuka Long-Evans Tokushima Fatty (OLETF) rats 
(which are used to model Type 2 diabetes) were provided with diets containing 1 .0 g EPA/kg 
body weight/day, 1 .0 g oleic acid/kg body weight/day or a non-supplemented rat chow diet until 
they were 30 weeks of age (Minami et al., 2002). No adverse events or signs of toxicity were 
reported in OLETF rats consuming a diet providing 1 .0 g EPA/kg body weight/day . Moreover, 
consumption of the EPA-containing diet had beneficial effects on various lipid and biochemical 
parameters, causing significant reductions in plasma TG levels and abdominal fat accumulation, 
and significantly improving insulin resistance . Thus, EPA was found to have a potentially 
beneficial role in improving insulin sensitivity in Type 2 diabetes . 

In another animal study, diets containing corn oil, corn oil and 0.1 g EPA/kg body weight/day, or 
corn oil and 1 .0 g EPA/kg body weight/day were fed to ovariectomised rats for 9 weeks 
(Poulsen and Kruger, 2004). No significant differences were noted between the bone breaking 
strength and serum type-1 collagen concentrations of the treatment and control rats . 
Ovariectomised rats consuming 1 .0 g EPA/kg body weight/day were reported to have a 
significantly lower femur bone density, which was attributed to a decrease in bone density, 
possibly caused by an increase in bone resorption . In contrast to these findings, the 
administration of EPA to older women (mean age 79.5 years) had beneficial effects on bone 
density (Kruger et al., 1998) . 

The administration of a diet containing 2% DHA or EPA ethyl esters, representing a dose of 
approximately 1,000 mg/kg body weight/day, to normal Sprague-Dawley rats for 3 weeks did not 
result in any adverse events (Hung et al., 2000). In contrast, consumption of EPA and DHA had 
beneficial effects on lipid metabolism and leukotriene synthesis, with the effects elicited by EPA 
consumption being stronger than those elicited by consumption of DHA. In another study the 
administration, by gavage, of diets containing 0 (control), 0.5, or 1 .25 g/kg body weight/day of 
an oil containing 40 to 50% DHA for 90 days to normal CD rats did not result in significant 
differences in any of the parameters examined (i.e ., hematology, clinical chemistry, pathology, 
ophthalmology, neurobehavioral, and neuropathological indices) (Arterburn et al., 2000). The 
No-Observed-Adverse-Effect Level (NOAEL) for normal CD rats was calculated from the 
highest dose of DHA administered, and corresponded to a dose of approximately 0.5 to 0.625 g 
DHA/kg body weight/day . 

One study was identified in which the safety of DHA, purified from tuna oil, was examined in 
pigs (Merritt et al., 2003). Newborn piglets were administered formula providing approximately 
387 or 653 mg DHA/kg body weight/day for male piglets and 412 or 691 mg DHA/kg body 
weight/day for female piglets. The consumption of either dose of DHA did not result in any 
significant effects on body weight, clinical signs, food consumption, clinical chemistry, 
hematology, organ weight, or gross or histopathology in the male and female piglets. These 
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study findings further corroborate the safety of DHA supplementation, and specifically provided 
support for the use of DHA from tuna oil in infant formulations . 

4.5.3 Genotoxicity 

The results of studies examining the mutagenic potential and genotoxic potential of lecithin are 
summarized in Table 4.5-2 . Lecithin was neither mutagenic nor genotoxic in any study. On the 
contrary, the addition of lecithin to incubations of TA98 and 1,8-dinitropyrene reduced 
mutagenicity, though the reduction in mutagenicity was less than that seen with uninduced S9 
(Shah et aL, 1991). 

Table 4.5-2 Genotoxicity Studies of Lecithin 
Reference* Test System Assay Dose Results 

Litton 
Bionetics Inc., 
1975 

Salmonella typhimurium 
TA1535, TA1537, TA1538 

Bacterial mutation 0.2% lecithin for plate 
tests; 0.01% to 0.04% 
for suspension tests 

Negative 

Saccharomyces cerevisiae D4 Yeast mutation 1 .875% to 5% Negative 

"All studies cited in CIR, 2001 . 

4.5.4 Developmental Toxicology 

In a series of studies conducted by Food and Drug Research Laboratories (FDRL, 1973d,e, 
1974), the effects of lecithin supplementation during gestation were assessed in mice, rats, and 
rabbits (Table 4.5-3) . The administration of lecithin in doses ranging from 4.75 to 
1,600 mg/kg/day for 10 to 13 consecutive days during gestation did not result in increased 
maternal or fetal mortality, or any maternal tissue abnormalities. 

Table 4.5-3 Reproductive Toxicity of Lecithin 
Reference* Animals Sample Size Lecithin Dose and Results 

Study Duration 

FDRL, 1973d Gravid albino 5 groups (n=21 0, 16.0, 74.3, The administration of up to 1,600 
CD-1 outbred to 23 female 345.0, or 1600.0 mg/kg/day lecithin to pregnant mice for 10 
mice . mice per mg/kg/day during consecutive days had no effect on 

group) . days 6 to 15 of nidation or on maternal or fetal survival . 
gestation. The number of abnormalities in either soft 

or skeletal tissues of the test groups did 
not differ from the number occurring 
spontaneously in the control group. 

FDRL, 1973e Gravid albino 5 groups (n=22 0, 16.0, 74.3, The administration of up to 1,600 
Wistar rats . to 24 female 345.0, or 1600.0 mg/kg/day lecithin to pregnant rats for 10 

rats per group) . mg/kg/day during consecutive days had no effect on 
days 6 to 15 of nidation or on maternal or fetal survival . 
gestation. The number of abnormalities in either soft 

or skeletal tissues of the test groups did 
not differ from the number occurring 
spontaneously in the control group . 
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Table 4.5-3 Reproduct ive Toxicity of Lecithin 
Reference* Animals Sample Size Lecithin Dose and Results 

Study Duration 
FDRL, 1974 Gravid 

Dutch-Belted 
5 groups (n=10 
to 12 female 

0, 4.75, 22.1, 
100 3 or 475 0 

One gravid animal in the 4.75 mg/kg/day 
rabbits . rabbits per 

. , . 
mg/kg/day during 

group aborted on day 12 of gestation. 
Neonatal deaths were reported in all group) . days 6 to 18 of groups. The administration of up to 

gestation. 475 mg/kg/day lecithin to pregnant rabbits 
for 13 consecutive days had no effect on 
nida6on, maternal, or fetal survival . The 
number of abnormalities in either soft or 
skeletal tissues of the test groups did not 
differ from the number occurring 

r I -- spontaneously in the control group 
' All studies cite d m CIR, 2001 . 

4.6 Clinical Studies 
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4.6.2 Lecithin 

Clinical studies of lecithin have been conducted in a wide range of patient populations, including 
patients with Alzheimer's disease, tardive dyskinesia, Parkinson's disease, and other 
neurological disorders (Table 4.6-2). Lecithin has been administered in doses ranging from 1 .2 
to 105 g for 1 day to 36 weeks . In Omega-3 PL, the amount of total PL is 400 to 550 mg/g, and 
the amount of PC is 150 to 250 mg/g. With an intake of up to 4 g/day Omega-3 PL, the 
maximum intake of total PL and PC is 2.2 g and 1 .0 g, respectively . It is generally accepted that 
most individuals can tolerate at least 25 g PC per day, without experiencing adverse 
gastrointestinal side effects (i.e., nausea, vomiting, diarrhea) (Wood and Allison, 1982). In 
some studies, consumption of lecithin doses as high as 50 to 100 g for up to 10 weeks have 
been well-tolerated (Jackson et al., 1981 ; Wilbur et al., 1982; Yackulic et al., 1982; Anderson et 
al., 1983; Randels et al., 1984; Volavka et aL, 1986). Long-term consumption of high doses of 
lecithin has been associated with weight gain ; this results from the high caloric density of 
lecithin . 

Natural ASA 44 
May 15, 2006 



d 
. 

ro 
~ 

w
 a~ 

*.. 
a 

C
 

q) 
L
 

(
D
~
 

0
~
 

2
 
C'9 
co 

c
o
N
 

00 
T
 

d) 
O
 

E 

GC 
~
 °~ 

U
 ca 

C'3 c~s 
a°, ia 

m
 ia 

c
 
o
 

-a 
~
 

p
 

N
 

N
 

- 
O
 

C
 
O
 

c0 
=' 

"t 
~
 
N
 

J
 

-o
-
 
O
 
O
 

p
 

0
 

ca 
O
 
N
 

c0 

~ 
E
z
U
 

c~ °
-
o
 ~
 

c
 

' 
r_ :E 
=
 ~ 

m 
W C: 

CL 
U
~
^
O
 

o
 

E
=
 
E-0 

cC 
`p'C 

~
 

Q
~
 C
 

I 
a
 

~
 ~
 

f1 Z
 
5
 

.N 
+1 

a
 

0
 
c
 N
 

"
 
E
 

N
 
>
 

' 

2
 2
 
E
 

~
 

V
 
N
 

'C 
LO 
~
 O
 

O
 '' 

C
 

.t~ ~
 0
 ca 

~' 

C
 

c 
fA 

U
 

=
 

v~ 
tn 

U
 ~
 
Q
 

U
 '
~
 
~
 N
 

a~ 
fyC 

~
 ̂
 

a-C~ 
'
a
 

y
 

O
 

~
 
N
 

E
 
"" 

O
 

. 

p
 ~
 

p
 

V
 

tA 
C
 

CD 
~
 

N
 

i
 

E
 

~
 
~
 

~
 
~
'
 M
 
>
 

U
 p
 

C
 

V
 

U
 
~
 p
 

y
 
p
 

c~U 
N
 "~
 

.
O
 

E
 
~
 

N
 

y
 

~
 

~
 

~
 

~
 

O
 
C
 

" 
+
+
 

y
 
d
 

u~ 
N
 

a) 
~
 

L
 

5 
N
 

CO 
C~ 

~
 

(U 
C
 S
 
+I 

10 

0
 
~
 
~
 

M
 
0
_
 

. V- 
~-' 

CU 
a
 

. 
CD 

a) 

y
 
O
 

~
 ~
 N
 "a 

y
 
C
 
o0 

~
 

~
 'a 

t n
 
O
 
N
 

C
 
O
 
N
 
N
 ~
 

cm 

L
 
O
 
V
 

~
 

Q
 

o~ ~
 

C
 

~
 

~n 
~
 

ca 
ca 

.
~
 O
 -a 

t._ 
cn 
d
c
o
 

O
 
a
 
fl. ~

 
u) .n 

.~ 
a) 

C
 
0
 

C) 
O 

' 

U) 

CD 
~ 

p 
° ' 

c
 
~
 

(1) 3 
o 

~
 Y
 

-a 
a~ -

 CD 
a~ a) 

M
 

~
 

M
 

~S 
Q
 
,
~
O
 

N
 

V
 

J
 

0
 

O
 

0 

L
 

.y 
(D 

r
 
N
 

-3 ~
 

3 
-0 

a) 
~
 
3
 

Y
 o
 

.Q
 
^
 

. . 
>
 

V
 
C
 

c T
 

~, ~ 
0
 ' 

E C~ 
a~ 

°
)
U
 

c
 d
 

`
 

W
 
p
 

d
 

;~ v
 ?' 

'o 

c 
i
 

7
0
 W 

cts ~
 
0
 7' 

o
 ' t5

 
o 

~'v~ 
U
 

d
 

Q
 

~o 
~
 ~
 

c
 ~
 

o
 

~
 
O~ O 
~
 

LO 
~
 OC T

 
E
 
o
 

.i 

' 
V
 
~
 

CD-t 
v
 

Q
 C
 
-~ 

~
 

`~ 
V
 

t~A 

o
 3 19 
N
 
~
 
~
 

E
 

-
 

Oj 
o
Y
 ca 
.~ 

° 
~
 

r
d
'
 
E
 

~
 

O
 
p
 

O
 

C
 

~
~
O
 

V J 
qf 

x
 

II 
~
 

C 5 
N
 :s 

~
 
C

;) 
E
 

00 
~
 

v
1
~
 
Q- 

~C 
G
 

-
 

~
~
 

~- 
3
 

t 
N
 

U
 

Q
~
~
 

C 
U
 

N
 

N
 
'a 

N
 
~
 ~
 

0 ~ 
U
 

V1 
N
 
~
 

m
 ~
 

N
 
'a s

 

=
 

~ a
 

~ 
W-0 
0) (D 

p 
A~ 

E 
~
 

c' ~ ~
 

,n Q
 

'~ 
E
y
 

~ 
~
o
c
c
3
 

3 
E 

m 
'o'r 

=
 
Q
 

.
.~ ~

 
f~6 ~ C M 

(0 
c0 

N
 
~
 ̀

 
C
 

`' 
N
 

c
 
C
 

°
 
~
 

" 

~
 
~
 T
 

u? 
c
 

~
 
~
 
~
 ~
 

~
 

tn 
E
 
T
 

y
 f3 

N
 

E
 
a
 

~
 
M
 
N
 

Si 
C~ 

a
 
3 

, 
°
~
~
a
~
 o 

°
-
M
 
~ m 

LO 
~ a

?
~
 

a) 2 co 
. 

Q'' o
 

G
 

O
 

o ~
 m
 ~, 

~
 
E
 

Q
 r' o 
C
 

~
 

~
 C
 

~
 

n
 M
 o
 

C
 

N
 

N
 

M
 

f0 Lo 
Q
 

*- 
I~ 
co 

E
 

�.~. 
CO 

a0 
Cfl 

r
 

(If 
LO 
Q
 

N
 

co 
(0 

CD <
 

"zr 
p
 

~
 

r
 

(0 
Lo ¢

 

O 
c
 :E 

ci a) 
C
 

'*~E 
°
 

C.) o
o
 y 0 w o~ (D 0=< 

-0 o 3~ . 
~
 
O
 

-
d
o
~
~
 

, 
o 

O
 ~
 
N
 
3
 

.y 
~
 

N
 
f~ 

~
 
~
 
N
 
U
 
;+ .. 

~
 
O
 
r- 

0
 
C
 

O 
N y

 "W i ~ 
-fl 

~
 ~
 
~
 ~
 C
C
 
C
 
i
 
~
 

c
 
0
 

~ = 
N
 
U
 
~
 ~
 C
 

.~ 
Q
 

~
 
Q
-
 

cC 
S
 

c
 

N
 
U
 
~
 "
a
 
p
 N
 

f
l
 -
~
 Y
 ~
 
U
 

VJ 
~
 

~
 

p
 

~
 

~
 
U
 

,~ 
~
 f0 

U
 .+~ .' 

C
 

~
 ~
 
,C 

O
 
-
 
~

._ 
t
 

. 
A
 
C
 

- 
C
 
0

. 
Q
 

C
 

~
 

~
 
~
 
a
 
~
 
3
 

'+~-.. 
0
Q

.'0 
~
 
3
 
~
 
~
 
0
 .~ 

~
 

N
 

-
 
f
 

.
~
 

" 
a~ .l 

0
 

N
 
~
 
"~
-
N
 
Q
 

0
 N
 
Q

. 
~
 

CD 
U) 

0
 

Q) 
n
 
U
 

7 
~
 

O
 
N
 

w
 
~
 

N
 

C
 

C
F
 
d
 
N
 
N
 
V
 
~
 r~-. 

~
 

-
 

.E 
O
 

w
 

N
 
N
 

C
 -
 

U
 

-
 

L) 
U
 
y
 
~
 ~
 

' 
CO 

.E 

5
 
M
 O
 

LC 
V
 
~
 
~
 
( 

-
 

' 
y
 

ca 
. 

p
 
V
 

-
 

rn 
.. 

N
 "-

 
C
 
C
 

~
 
N
 
~
 

N
 

>
 

t~ 
.. 

E
 

~
 ~- 

y
 
0
 
N
 ~
 .~ 

C
 

O
 

Rf 
CZ 

'a 
N
 
?, 

V
 W , a 

E
 
O
 

tq 
~
 

.- 
0

.0 
'a 

N
 
A
 
O
 
C
 

c0 C 
u~ 

O
 
N
 
~
 
.i 

O
 

m
 

c~0 3
 
N
 'c 

V
 

O
 

~
 
~
 
N
 
.E 

'O 
t
 

I- 
0) 
V
 

Cc a
 ~
 ~
 :a 

~
 ~
 

c~a 
s
 
~C n
 in 'n. ~3 

_ 
0
 
~
 
3
 

o~C a
 in 

E
 m
 
Q

. ¢
 

O
 

U) 
O
 

a
 
N
 

T
 

7
 



u
 

Q) 

i
 1 

m
 

CY) 
cz 

CD 
e 

OD 
0
 
(Y) 

(1) 
00 

A
~
 

C
~
 

~
 T
 

. >
 
T
 

i
 
~
 T
 

I
L
 

V
 
RS 

O-S 
.S 

+1 z
 

C
 

O
 

~
 

r
 

Vi 
O
 
'C 
~
 

O
 

U
 o
 
0

. 
r
 
_1 

~
 

"~
-
 
Q
 . 

(D 
y
 
~
 

O
 
~
 

c
 

L, 
~
 

01 
co 

N
 

' 0
 

t= 
U
 
~
 

C
 

~
. 

L
 

+ +
N
T
r
o
~
E
+
N
+
-
a
E
c
O
 

N 
E +i 

. 0
-
 o a) 

° 
(D 

°-:-' 
"r 

E
 

a) 
U
 

E
 

c0 
p
 

++ 
C
 

. 
co 

~
 "" N

 
~

. E
 O
 ~
 C
 

c
 

' 
N
 

' 
C
 

>
 

W
 

c
 
3
 

o
 

c
 

o
 
o
 
N
 
~
 

(G : 
cu 
fl- 

' 
'"' 
~
 

�,L �, 
U
 

j 
. 

0
 

0
 

~
 

(D 
~
 

O
 

a) 
'C 
O
 

O
 

!n 
~
 

C
 
U
 
_
 

o
 

...: 
. 

C
 

U
 
N
 
0
 
>
,
-
 
~
 
p
 
~
 
Q

. -a 
C
 
N
 

N
 

CL 
C 

j
 
~
 C
 
U
 .p 

~
 

E
 ~
 ?
 p
 

1- 
- 

. 
. 

N
 

c 
N
 
C 

0
 

~
 
0
 .fl 

~
 
7
 
T
~
~
 
m
 
O
 
>
 ,
N
 

O
 

O
 

y
 
Q
 

cA a
 ch 

0 ca
.~-0 ~

-
a
 
S m 

Z
 

Z
 

C
 

U
 

O
 

~
 

Y
 

Y
 

.C 
~ 

3 
3 

3 
0
 

w
 

LO 
-
 

00 

d
 

O
 

`
°
~
 

>, o 
i 

~
 

N 
~ 

~ 
N
 

`t>,
.~ 

.~ 
~
C
 
y 

o 
a -a .Q 

o 
~ ~

 
co 

fn 
Jf 
o
 

v .n ~
 

N
 "a 
~
 

m
 ~
 
3
 

V
 
~
 

~
 
~
 

~
 

U
 - 

ui t
~
 
C
 
iA 

00
--- 

A~ 
~
 

c0 
N
 
3
 
O
 

Y
a
 

a~ 
0 3 

J
U
C
 

3 0 ~
 

tj) 
v~ ~

 
c: a- 

~ 

~
 

~
v
 -0 '-' !? -0 v

"
0
 v
 ~
 

m
 

co 
c
 

"
 O
 '~ 

rn 
~
~
o
 
~
 

~
 

(U 
=
 
U
 
Lo 

+
. 

~
 

3 
> 

a) c co s
l
 

LO 
~
 ~
 
E
 

~
 

" 
~
 Lo 

Co 
s
 

~
 -a 

tA 
v
 a co 

i
 
N
 
M
 

RT 
_
 
-
 -a y -1a) ~

 
w
 
CYj 

C
 
0
 
'a 

O
 
N
 

=
 
~
 

ca 
,~ .- ~

 6 :c 
E E o~ -o 

~
 
~
 Y
 

0
 
`
 
~
 J
 ~
 ~
 

(D 
c 0 

N
 
~
 C
 ~
 7
 
0
 
0
 0
 
E
 
~
 CD 
~
 ~
 

Z
 

~
 
N
 
~
 

~
 

(D 
V
 7 
y
 
C
 
O
"
E
 
N
 

i
 
W
 

' 
~ 

>
 

O
 

' 
~
 
~
 

ca 
v
 ~
 
M
 
t
 
~p 

(~U 
C
 ~O 

F
 
~
 

y
 

=
 

-p 
~
 

c 3 
~
 
C
 

. 
N
 
U
 

p) ~
 
E
 

t0 
~
 
p
 
~
 
'C 
A
 

E
 

75 

J
 N ~ 

t
 
E
 

(o 
~
 

V
 
'a Q

f
 
~
 ~
 

~
 
2
 
O
_
 

N
 
U
~
 

~
 

3
 

>
 

~
 

~
 

co E co ~. m ~c 
¢
 

~
 
~. 3 -

 
~n 

~ ~c 

W
 

W
-
0
 

a) 
43) .3 

a
 
-C 

co 
cts 
-
 

En 

'a 
.2 

~
 E `° ~' C 

E
 

co 
C
 

E cu 
C
 

v
 ~
 
i
 

cd 
N
 y
 

U
 

a) 
RS 

>
 y
 

v
 ~
 
i
 

~
 N
 

~
 

O
 
~
 

N
 

>+ 
C
 
E
 
>+ 

fSf 
+ 

~
 
~
 
E
 
r, 
T
 

" 

., 
f0 

�
 C 
E
 
T
 
T
 

" 
~O 

p
 � 

~' 
tl> 

.c0 I~ ~
 
>
 

0
 

n
 " 

~
 
>
 

0
 

N
4
?
 
N
 

. 
Q
 
>
 

-0 --a 
t 

Cfl 
a CU .0 

Q
 Lo 

(
)
 

f/1 
0
 

-, 
�, 

r
 

c~3 
N
 
~
 

~
 
_
 
~
 

c~C 
_M 

~
 

c~0 
d' 

+co 
.. 

"- 
a
 

a
 

L
. 

c 
CD 

~
 

>
 

- 

°-~' 
.0 

b
 ~
3
 

0
 

~
E
c

.ca - a) 
(n 

G
 

U
 

0
 

0
 

cn 
O
 

0
 U
c
 

+N-' 

r 
=
=
,
.
C�,
Y
 

O
~
 

o 
N
 . 

~
 

o ~
 3' 

~
 " a) - 

v- 

~ 
N
 
>
 
N
 
3
 

~
 

~
 
~
 N
 
~
 0 I U E 

N
 

~
 
y
 

~
 

_
 

- ): ~ ~" ~ ~ 
>
 

~
~
 
3
 
"d 

c 
0L

,, 
p)

.~ 
Q

. 
C
 N
 

. 

(D 

" 
C
 
V
 ~rA 
Q
 

" 

w
 .
~
 `
+
"
Y
 

C
 

Q Co 
N

..~.
"
O
 

G~ 
y
 
~
 
~
 
~
 C
 y
 

~
 
U~ ~
 ~
 
>
'
 

N
 

N
 
~
 (o 

. 
y
 

N
 
0
 
y
 
C
 
r
 

~
 

( C
 

S
 

(1) 
(n 
C
 +- 

0
 

.~ 
z
 

co 
" 

~
 ~
p
 
7
 
o
 
>
 

L
 
~
 

~
 
~
 ..,L.. 

N
 

~
 

. 
F~' 

U~ 
C~ 

0
 
0

.
9
 
V
 
>
. 

~
 
0
 .

.̀ 
~
 "
a
 

0
 
~
 V1 -

 .
3
 
~
 

fA 
V
 fO 

c
r
 

(o 
a) 

II. 

Q
O
 

(:/) 
O
 

Q
 
N
 

3
 
T
 

15 
co 



w 
cli 
a) 

" 

... 

C
 

4) 
O
 
N
 

(n 00 
-
 

(3) 
"
 
N
 

U
 
N
 

00 
" 

=
 r- 

0
 OD 

w
 
a
 

Y
 

Q
 N
 

CC) 
-
 

Y
 
r
 

U
 

G~ 
C
 ~

;
 

Q
 R5 

U
 

>
 

'
 

' 
iB 

'ca 
7
 

Rf 

ai 'L 
c *. 
a 

ai 
(D 

O
 

c 

L
 A
 co 

N
 ",

 C
 
C
 

.O 
-
 

~
 Z
 
O
 

V
 
~
 
~
 ~
 
~
 
U
 

U
 

' 

C
 

~
 

=
 

~
 
O
 
N
 -ij 

ca 
:3 

CZ 
~
 

2 co 3
 

0. 
a) 

y 
~n 

w 
(D 

o 
( 

o
 

. 
'p 

'r- 
-0 

V
 
~
 

.a 
y ~ C 

C
 

4) 
~
 
N
 
O
 
L
 
U
 

~
 

. 

n 

" 
y
 

.. 
+ O
 

z
 
C
 

Q
 

O
. C
 =
 "
 

~
 
p
 -
 
N
 . 

U
 U1 

~
 
N
 
o
 

~
 

~
 
tn 

y
 
C
 

Cl 

, ., 

N
 
C
 

~
 

~
 

~
 

c 0 
N
 
>
 Y
 
~
Y
 
m
~
 

~
 
N
 
C
 
I~ 

C
 
N
 

( 3 

>
 

>
 

�
 ., 
C
 
C
 
~
 

~
 

'~ 
U
 

, 
_
 ~
 ~
 N
 N
 7
 U
 

U
 
C
 
N
 

O
 
W
 

N
 
~
~
~
 
~
 

E
 
~
 

o
 
Q

. 
o
 
~
 

~
 ~
 3

,a? 0
-
0
 0 

N
 

N
 

. 

C
 

Q
,
 

L
 

ct! 
y
 

tN 
~
 

~
 

co 
i ~ 

N
 

N
 

N
 

~
 

itS 
N
 
N
 
~
 N
 

~
 
Q
 

U
 
>
 

9
 

' 
+`-' 

~
 
j
 -0 

C
 

=
 

, 
~
 
~
 ~
 
O
 
C
 
~
 
C
 

C
 

C~0 
C
 
Q
 
-
 
V
 
-a 
Y
 

Q
 
~
 
N
 

(n 
O
 
Z
 

O
 
Z
 

,~ 
C
 
N
 

fl- 
cC 
U
 ~
 

I- 
O
 ~
 
~
 
o) o

 a
 

~
 O
 

cn 
Z
 

U
 
o
 

co (D 
~n 

co 
u, 

0. (D 
~
 
M
 
3
 

A
 

N
 

D
 
3
 

J
 

o
 

p
 
~
 
Q7 

>
 

CD 
ui 

~' 
co 

~
 

E
 

E
 
o
 

0
 

m 
O
 
O 

~
 
=
 

3 °i C
�- 

a~ 
c
a
M
 

a
~
a
 

' 
E
 
~
 

O
 

W
~
o
o
 m
 

°~ 

0
 

"0 
~-''~r~ 

N 
O
 O 

O
 

~
:? 

` 
~
"
"
'
 

~
 

-0 
M
 

v
 

d
 

y O
 

cc~v 
..
~
c
~
 o
 

~
 
cC ~

 
j
 ~
 
(
j
 d~ 
~
 p
 
'~ 
~
 

0
L
n
~
 

~
 
W
 

L O
N
 
O
 
'D 

~ 
o
~
o
c
~
 

~
 
~
 
j
 

ca =
 

~
 

_
a
s
~
~
 

cc~c 
~
 
~
 
p
 
~
 
-o 
V
 p
 
>
 
~c 

~
 
~
o
 

~c 
~j 
~
 N
 

. 
Q
 LO 

'C 
L

. 
. 

7
+
 

U
 
~
 
~
 
~
 
a1 
d
 Q
 
0
 
V
 

7
+
 v
-
 

E
 -
a
 
O
 
>
,
~
~
 

d
'
 ~
 

++ 
"V
 N
 N
 
~
 O
 

. 
Q
 L
O
 ",.

 
C
 

LO 
. 

U
 
N
 
~

. 
~
 
~
 D
-
 

~
 ~~ 

~
 
0
 
O
 

/jJ 
C
 

" 

~
 

(~ 
O
 
-a 
U
 
o
 ~' 

~
 
~
 a
 

0
 

a
 

~
 
T
 T
 
~
 

+- -p 
~
 ~t0 

Q
 

03 
N
 
p
 
~
 
RS 

C
 

0) 
-o 

~
 

~
 

N
 
W
 
0
-
0
 
U
 
o
 
O
 
~
 
~
 

~
 

~
 

ro 
~
 
T
 

o
 

C
 
=
 

~
 
r- 

~
 

d' 
M
 

«5 
cu 

r . 
N
~
'
0
~
 
~
 

M
 

~
 

N
 

~
 

~
 
y
 
E
 

-
 
~
 
Cp 

O
 
d
 

~
 
p
 

r
 

3
 

c
 
V
 

~
 

C
 

~
 
~
 

C'~ 
c0 
~
 
_
 

'C 
M
 

~
 

N
 

V
 r
 
'O " 

~
 

, ~
 

+
 . 

p
 

~
 
C
 
::.

 0
 

(Z 
a
 
a
)
-
T
-
 
c
 

~
 g
 

CD 
- .' 

v 
~ 

p
 
C
 p
 
O
 
C
 

� _. 
+ .. 

0
 

- 

_
 
~
 
~
 "a 

N
 
T
 
N
 
C
 
E
 
O
 
~
 :C 

~
 
N
 
N
 

(0 
-~ 

c~ 
~
 ~
 
>
 
~
 
Y
 
~
 
m
 L
 
C
 Cfl 
~
 

E
 
E
 

C -13 
C
 

C
 

N
 
~
 
"" 

O
 

~ 
W
 
fV 
~

. C
 
.~ 
~
 
a
 
'a 

y
 

N
 
C
 
E
 

0
 
N
 
N
 
if -Q 

~
 

f0 
~

. 
c6 

U
 
-
 
~
 

~
 
~
 
N
 

f6 

> 
> a

~
o
 0 
0
0
~
 o 

~ 
f
 

~°nT T
~
 ~ o

 
~
 o
~
 a'co 

V
 

~ ~ 
s
 ~
 ~
 a
>
o
 0 o 

6
6
5
0
 
o
U
 2 o

 
J
 

F' 
A
 
fA 

`1 
U) 
U
 
U
 Lo 

U
 
~
 
C
O
 
N
 ~
 c) 
Q

. 
Q
 .
 ..
 3
 
RS 
E
 
I
-
 
N
 tA 

.Y 
fA 
U
 
U
 Y
 N
 a

. 
L
O
 
d
 
0
-
-
 

>
 

C
 
2 

f
A
 

a
y
-
c
z
 

C
 

~
 

y
 
N
 L
 

.`' 

N
 
N
 
.t .+ 

. 
. 

(D 
` 

" Q
 I
~
 

E
 

~s 

~
 

v-~- 

~
 
'
 
y
 
~
 

a) 
:
~
 
y
 
9
 _
C
 

~
 
t
 

~
 
~
 

(D 
~.~ y

 
L
 
C
 

CL 
>
 

, 
a 

(D 
O
 

~
 o 

CM 
, 

~
 

~
 Q

.
'
~
 

O
 
~
 

70 
0) 
~
 

~
 
,C 
Q
 

U
 
~
 
T
 N
 

+y- 
~
 
~C 

C
 
~
 
>

. >
,
 

C13 
V
 
A
 

4) 
C
 

c 
~
 
-~ 
~
 

0
 

co 'O 
C
 

co 
ca 
C
 

(D 
~
 �
 
a) U
 

-0 
a) ~

 
CO 
N
 

" 
E 

T
 
Y
 

Y
 

:3 
>
 
w
 

Q
 LO 
~
 
>
 

C
 '
p
 
+
" a
 

(j 
v~ 

LO 
`
~
3
-
a
 

~
~
3
~
 

c°° o=
3
~
 

r
 co ~

 c~ c 
ca c~o~ ~

 

O
 

c 
v
 

v
 

O
 

E 
) 

C
 

~
 
+N. 
y
 

3
 
C
 

" 
y
 

~
 

V
 

C
 
~
 

>
 

C
 

f~ 
o
 

>
,
,
F
 

~
 7
 0
 
N
 

. 

~
 
E
 

.C 
>
,
 0
 

~
 

O
 g
 

) 
N
 
y
 
"~ 

~
 

0-0 
`
C
a
0
 

Q
 ~ "fl 

47 ~ N , .cn + > N N U ~ . 
70 75 

N
 
~
 

(C 
~
 
N
 

. 
c0 
_
 

~
 
~
 

'=3 
a) 

ca 
0
 -
 N
 

-0 

j O 0 ~ C 
C\j " 

+
-
~
 =
 

~
 .., 

3
 

. 
. 

~
 
~
 

0
 s
 

' c 
~
 ~
 =" 

c
 .c 

3
 

~
 
o
 'y
 '..o 

~
 
c
 

ca 
G1 

.
N
 
U
 
C
M
 �N� 
~
 

0
 
>
,
 

o
 
T
 

N
 
U
 
~
 ,.N.. 
~
 

" 

tV 
V
 
y
 
C
 RS
 

>, 
O
 .Q 

'' 
" 

CL -0 
N
 ~
 

U5 
O
 .fl 

N
 0
 ~
 

y
 . 

.E 
0
 

RS 
C
 

,
Q
 

R= 
-
a
 
~
 

6
 Y
 

a
 
N
 
~
 
C 

co 

0
 
>
 �~r

 
~
 U
 

CD 

~
 

"
a
 

0) 
f
6
 Y
 

~
 
Q
 0
 

U
 

'
O
 
0
 
>
,
=
 N
 

1-- 
v~ 

a
 

CL 
ca . 

~
 

5
 

f0 
U
 ~
 ~
 

U
 

fu 
U
 .~ ~

 
0
 

(l7 
f 

oC n
 Corn

. S
 ~
 

U
 

oC o
. 0
 

U) 
0
 

Q
 N
 



= 
' 

' 
m
 

a, 
d 0 

~s o
 

00 
m
 

co 
e

.0 
... a) 

.
n
~
 

~°r' 
C
 CD 

w
 

: 
CC `

~
 

7
5
 

(n 
~
 

C
 M
 

~
 '~ 

C
 ~
 

N
 

OC 
U
 N
 

N
 °) 

U'a) m 
~3 ~t 

~
 CU 

>' 
~
 
E
 

_
 
~
 

a) -0 
~- 

E
 
U
 

03 
p
 

a
 
~
 

a) 
~
 

.c 

(D ' 
. 

«3 
ca ai ~

 Z
 

~
 C
 
'~ 

L
 

°~ 
N
 

a> 
+L . 

~
 

N
 

O
 

a) 
L
 

(0 
U
 

=
 '
D
 
~
 
?~ 
y
 =
 
~
 .
Q
 
r
 tn 

C
 
C
 

~
 

O
 

.
C
 
V
 
?~ 

C
 

V
 

r
 

"a 
p
 
~
 
C
 
+' ~

 
3
 ~
 

r
 

C
 
~
 

~
 O
 
=
 F- 

V
 

ctf 
E
 
~
 
~
 ~
 
~
 .~ 

~
 

' 
~
 
T
 

a) 
0) 

~
 

" 
E
 
~
 
0
 

:~ . 
.~ 

~
 

~
 

~
 
~
 

N
 
~
 

~
 

'p ~
 

i 
co . 

~. 
t
 

d
 

f 
~
 

tn 
0
 
0
 

:3 
CL 

~
 

:3 
~
 

C
 S
 

E
 

.- 
C
 

N
 
N
 

N
 C
 ~
 ~
 (~0 ~

 7
5
 

N
 

fn 
0
 
i
 
C
O
 
L. 

0
)
 r
 .
C
 

w
 :
p
 
~
 

C
 
~
 

,
r
 
y
 

~
 
N
 
O
 

N
 ~
 C
~
 
V
 
cu 

'
a
 "
d
 
N
 

w
-
 
N
 
V
 

O
. 

co 
N
 

N
 
~
 
j
 
~
 p
 
~
 
p
 0
 

C ~O 
co 

co 
=~ 

~
 
U
 "d O

 ~
 

. 
~
 

:a ~ c 
3 

°
 

~
 

°~ 
~
 

c
 

' 
L
 

.. 1 

'~ 
~
 
~
 ~
 
c
 

v~ 
E
 
~
 c
 
a
 
N
 
c
 
co 

~~ 'V 
'~ 

fA 
O
 "d 

(G 
L
 
~
 
~
 
~
 

~
 
~
 

~
 ~
 
G
 °) 

C~ 
5
 E
 

o
 

a
 

cu 
c
 
0
 

~
 
V
 
'~ Z7 

~
 ̂
 

-0 
Co 

U
 
~
 

0 
0 

0 > 
W
 

. p
 
~
 

vl 
N
 M
 X
 ~
 ~
 ~
'
s
 a

. E
 

Z° 
".y" 

U
 ~
 

~
~
 
~
 C
 
~
 >, R1 

ro 
2
 

N
 
-~ 

a) 
-p 

O
 
~
 

O
 

-~ 
~
~
 
~
 a~ 
o
~
a
a
 

U
 

~
 

~
N
 

~
o
 

c
 
G
 ;� ~

-
a
 2 ~

 
0
~
 

> 
3 o 

zs 
~ 

c co 
3 

CL 
n 

c
d
+
 <n 

Y
S
,
~
 

~ 
~
~
 

C
 

~
 
>' N

 
~
 ~
 N
 
0
 

E
 

`~cis~ ~
 

a~
.
o
u
~
~
 

V
 ~= 

>
 

~
 

-p 
0
 'C 

41 
C
 
~
 

y
 
~
 
>
 

3
 . 

N
 

C
 
~
 
W
 
~
 
co 

fl. ~
 

. 
.~ 

~
 

~
 

tm 
0
 
Q
 .C
 

~
 

' ~
 

1
 
~
~
 
A
 >
 " 

6
 

- 0
 

$
fl- U

 

, 

0
 

y
 
Q
 
~
~
 ~
 ~
 ~
~
 

r n
v
a
 n
 Q

.
~

.~ 
tA

.S 
~
 a~ 

co 
~
 
Q

. 
U) <

 
Z
 coin 

C
 
O
 
r
 

O
 

co 
Y
 

y
 

U) 
U) 

W
 

CD 
Q) 

~
 

cc 
3 c° o 

°
 
o 

a
 ~
 

3 
=
 

~- 
CD 

-0 
E
 

CD 
E
 

N
 

S' 
N
 

v
 

V
 

o 
>, 

o a, 
. 

o> 
O
 

a) 0
 

' 

cu 
C
~
 
~
 

C
 

0 
a.I 

G! 
o 

co 
N
 

. 
p) '~ 
~
 

i 
'- 
~
 R5 

rq O
 

+-' 
O
 

d' 
E
 

~
 

~
 i 

~
 

o> ca 
co 

~ 
° 

a 
co 

U
 

~ ~
 

-
 

'
-
~
~
°
°
°
`
D
 

=
 

a = 
LIJ 

d 
° 

c
i
a
y
 

.
C
 

~
o
~
 

0 ca 
~ 

C
 

'
0
 

~
 ~
~
 

. 
~
 
~
 O
 

~
T
~
 

V
 
V
 

~
C
~
 
Uj 

N
 ~
 

~
 

'a 
.,.. 

r
 

~
3
~
 

cc
 

a~ a
 

. 
E
 ~
a
>
 co 

o
 

a~ 
c 

U
 
v
 N co cu 

~
 
~
 

~
 

o
 .; 

3 ~
._ 

rn
.>' 

O
 O
 

U
 
A
 >
 

0~0 
ca N

 
O
 
Q
 
~
 

<0 
0
 ~
 

' 

ca 
~
 $
 

_ 
" 

~
 

C> 
y
 

~, 
. 

~
 
y
 
~
 
~
 

~
 

ro 
v
~
 

p
 
>
 
O
 

~
 

o
 cr °D 

C
 

~~ 
s
 
a1 

p
 
O
 
~
 

~
 
o
 
W
 
LO 

c
a
o
U
 

Lo 
0
 

+- U
 

LO (L 
-
 

o
 

J
 
J
 
3
 
0) p7 

CO 
(D ,- 

. 
.- 

U
 w- 

3: 
a

. 
d' 

0) 

(n 
a) a 

3 
~
 

CZ 
w
 >
 

N
 N
 ~
 
~f 

~
 ' 

m
 
~
 ~
 

ca 
.o 

~ 
a 

c 
, 

~n 
m
 
~
 

~a 
~
 3
 'v~ 

ID 
'S 

0
 
~
 
fC 

04 
..C 
.+ 

~~ M
 

~
 

E 
Q
 

_
 

(C 
0
9
 

'S 
0
-
0
 
(D 

Cd 
CU 

>
 
~
 

y
 

CU 

T
 
>
 

d
 
t
 ~
C
O

" 
C
 

~
N
~
 ~
 

~ 
E
 

' 
` 

.. C
 
~
O
~
 

, 
+N .. 

E
 

C
 
O
~
 

V
 

~
. 

~
 
~
 

~
 

~
 
C
 

2
 

I- 
N
 

~
 

N
 

f0 
N
 

' 
rz 

.0 ° ° 

ca 
(D 

>
 

CL -0 
~
 

>
 

~
 
~
 
-
 

0
. 72 

in 
ii 

v
 

r
 

m 
~
 ~
 

~
 ~
 3
 ~
 

co 
~
 ~
 ~
 
c4 ro d

 ro 

0
 

a) 

~
 

W
 

°) ~
 

(1) 
Y
 
~
 

~
 

>
 

a> '2 
~ 
o
 
>
 

c0 
~
 

c ~
 N 

' 
C) c ca 
C
 

" 

a) 
o> 
~ 
c
a
U
 c 

C
 
N
 ~
 j
[
 

~
c
 

Co 
C
 

-a o
7
2
 

C
 

N
 

m
 7
 

~
 

y
 

N
 

'3 
a
 

a
'
0
 
o
 
>, 

°
 -° 

~
 

~
 

fn 
fG . 

~ 
3 

. 
y
 

() 
Rj 

~
 

U) 
N
 

o
 

U) (a 
~
 

co 
o 0) 

-° 
~c 

U
 U
 

>
 

0 
U) 
V
 

U
 

uS 
t0 
>
%
 r- 

(s 
~
 ~
 

T
 

~
 

C
 '
O
 

RS .. ..
 
5
 

7
. C
 
N
 

1
]
 -
a
 =
 

:3 
N
 

C
 

. 

2
 
Y
 

-a 
~
 

c~3 
7
 
~
 
c
 
~
 

L
 

c`~0 
~
 
O
 
C~ N

 
C1 
'
y
 

i~ 
U
 

fn 
U
 ~
 

i
 ~
 ~
 s
 

tn ~U 
a- 

-p" ~
 
~tn 

i0 
N
 

d
 

XCO 
~
 y 

c~ a 
y
U

.~ 
ur 

c~ a N
 

co ~
U
~
~
 
N
 

R5 

E o 
A
 

., 
.�, 

C
 7U 

~
 

~
 

~
 
d
 
C
 
~
 

.~ 
~
 
~
 

,U? 
~
 
~
 

O
 m
 
~
 

C
 

3
 

fn 
N
~
 

0
 ~
3
 

~
N
o
 
~
 

0
 ~
N
'
o
 
~
N
~
 

0
 N
 ~
 g

. 
~
N
\
N
 

0
 N
N
~
 

ca 
co z! 

OC a
 in 

w
 

v
 co 

a
o
 

U) O
 

Q
 
N
 

Z
~
 



w 
d 

~
 

u
 

d
 

N
 

~
 
N
 

) 
v
 

C
 

L
 p
o
 
p
 

co 

.
9
 
ONO 

E U
 ~
 

cc 
U
 °~ 

t3 °~ 
m
 co 

V
 
T
 
~
 

M
 0
 

q) 
T- 

Gfl 
3
 

N
 

C
 
7
 

:3 
m
 
-
 '0 

A
 

Q) 
E
 
+I 

O
 

-- 
O
 

tl') 
C
 
7
 

V
 
~
~
y
 
Lo 
S
 
y
 
~
 

O
 

L
 

r
 
O
_
 

C
 

ctT 
~
 
Lj 

~
 
O
 
~
 
c
 

~
 

E
 

~
c
 ~- 

d
. 

O
 

D
 
~
 
E
 Q
 

C
 

, 
~
 

~
 

~
 
0
 
=
 
O
 

('') 
' 

~
 

-0 
. 

CU 
-
 

Q
 

co 
c
 

'U 
~
 

E
 

a) 
:3 

Q
 V
 
~
 

0
 

E
 

-
 
O
 

LO 
~
 

N
 
ca 
~
 O
 

~
 r
 

v~ 
'a 

fl. 
C
 
O

. 

"~
 
A
 
~
 

`
 

C.) 
~

. _
 'a 
0) 

~
 

t~ 
+I ~

 _o 
~
 
O' 

V
 

LO 
~
 

CO 
N
 ~
 

. 

~
 

.
~
 

r 
N
 

CO 
(D 

~
 
~
 

y
 

*+ 
7
 
Q

.'O 
C
 

~
 
E
 
'E 
~
 
'~ C 

L
 
~
 
p
 -
 
c0 

C
 
p
 
~
 
~
 

j 
- p
 
N
 

I 
~
 

N
 

C
 
N
 
'°" 
p
 
N
 

V~1 Y
 

y
 

u 
~
 
C
 
>
 
E
 
~
 
O
 
L
 
O
 

+Vl-. 
-0 

' 
N
 
~
 

~
 

~
 

. 
~
 
N
 
O? 
~
 

~' 
q) 
C
 
E
 

I~ 
O
 

~
 

O
 

>
 
W
 

0
 

a
 

- 
.C 

C
 
~
 

~
 
U
 

ro 
N
 
~
 
~
 
~
 
f~ 

N
 
>
 

1) 
. 

p
 

. 
N
 
, 

~
 
C
 
~
 

"a 
U
 
C
 

. 
~
 

d
 

i
 

~
 
O
 

C
 
y
 
=
 
C
 
>+ E

 
~
 
~
 
N
 
~
 
co 

cy 
~
 
~
 
>
 
y
 

0
 

a
: 

a
 

~
 

~
 
C
 

~
 
~
 

v 1 
~
 

"~
 
C
 

~
 
E
 
r
 
N
 

~
 

E
 

4? 
N
 ~
 
~
 0
 ~
 0
 
N
 

fl. 'a j
 C
 
~
 a
 >
 

a) 
Q
 

N
 
-
5
0
 

~
 
~
 
~
 i
 

O
 
U) 

O
 
E
 

O
 
~
 

"- 
Q
 

O
 
U
 ~
 
N
 
co 

2
 
U
 
C~0 

E
 

C~0 
Z
 

m
 
U
 
.Q 

E
 
a

. 
2
 
O
 

+1 
5 "0 

C) 
O 

Y
 

cn 
.e 

C
 

3 
3 

3
 

. 
G
 

N
 

o~ 
co 

J
 

o
 

c 
U
 
LO 

.C 
.
~
 
~
 

a) 

M
>
 

w
 

0
 

N
 

Co 
CD 

J
'
c
o
 'V 

3
 

M
 

~
U
 
CL T
 

~
.O 

j
 
0
 
~
0
~
~
 
C
 ~C 

CO 
U
a
'
Y
'
~
 

. E - 

-
 

C Co 

=
 

0
 

.0 v
 ~
 
T
 
o
 
~
 
~
 

~z 
~
 

0
 
0
 
C
 

o 4) 
~
 ~
 

c: 
:E 

a) 
' 

aJ 
( 

fl- ~
 
N
 
~
'
~
 

~
 
7
 
O
 

A
 
i
 

C
 

N
 
~
~
 
~
 

.~ 
C
 ~
 
y
 

C
 

+
+
 
~
 

'
C
 
~
 R 

c c~aU~ 
3
 ° 

N
 
i- 

~
-
 
fl- ~

 U
 
i
 
~
 

''c o 
o 

O
 .c 

-fl 
U
 

~
o
 

y
 .
O
 

V
 

" 
~
 

y
 

cis 
N
 

~° 
O
 
C
 .
p
 ~
 
y
 

"Q
 ~
 

a) 
~
 

~
 

N
 

O) o
 

J
 
~
 

p
 

o 

d' 
'
~
3
~
a

. 
U
 
N
w
=
 

Q
 
~
 

C
S
~
V..
f
l
.
~
 

o
 ca 

~
 
Q
 

O
 

Z
 

a 
ca 

~o 

m
 ~
 :3 > 

(D 
"D 
0) 

E 
3 

c
 

- 
co E 

' 
2
 

~ 
s
 
E co -

 
c 

cm 
` 

CO 
Co 

CD -
 
~
 

Z
 

~a a ~ Q
 

N
 

C
 

~
 

~
 ~s ~ 

y
 

. 
>' 

~
Q
 

Y
 

>
 

a
 
3 

~
E
~
'
a
)
 

a? co -a 
$ 

c
E
>
,
c
 y :~ 

r
.
o
 

~ E +i a
 °' 

, 
C 0
 C ~ 

T
 

co 
cu 

Nt 
0

. 
a) 

. 
H
 

(D 
$? 
0
 

Co 
:3 

~c 
6
 

: 
(D 

. 
:3 

N
 

0
 

r
 

C
 

C
L
 ~o 

-
 _6 

~
 

p
 

~
 

) pl 
w 
N
 

~
 

00 
co 

d
 

" p
 

Cu I. 
0
,
2
 

R1 U
 

f
 

0
 

CL 
t
 

a
 

=
 

=
 

~
 

~
 ' 
C
 

V
 

J
 

^
 

t0 
p~ ~

 
~
 

=
 

C
 

N
 'C 

w' 
N
 

. 

p
 

p
 ~
 
O
 

~
 

C
 
>, O

 
-
 
~
 ~
 

V~ 
V) 
a
 ..CO 

~
 

. 
C
 

~
 

V) 
Y
 i
 

~
 

0
 

V
 

_ p
 

0
 

(D 
~
 

!n 
((S 

~
 
p

. 
:5 

o 
m 

~ 
-
o
0
 ca 

O
 

ID 
~
 C- 

3 
tn 

-afl.E W Q. 
'C 
z
 

O
 
~
 

trj 
cts 

cV 
c
 

' 

~
 :E 
~
 

'0 
~
 

'° o
 
~
 

c
 

3
 

~
 

~
 

v
 

'[s O
 >
 Q- c°' ~

 

~
 ̀

n 
~ 

v~ 
C! 
3
 
~
 

~
 

~
 -
 '~ 

0
 -
 

N
 
~
 ,.N. 
~
 

. 

" C
 
~
 

c
 ~
 
c
 

N
 
U
 ~
 . 

. 
4) 

`-° 0 
o
 ° 

~
~
 
V
 

w 
~ 

° 
0 

~ 
. o N

 
0
 

C
 U
 

C: 
C
 
U
 ~
 

~ 
~
 

v
 
C
 
N
 
~
 L
 

C
L
 ~
 

A
 
Q
 E
 

t 
co 

~
 

°~ 
Z
 

"
 
C
 -
d
 

Ca 
CU 0 

." 

~
 

1 
~ 
V
 
O
 

3 
0 [ a

c
o
 ~
-
 a 
O
 

n
2
 .5 min 

O
 

C
 

N
 
c
 

m
 
a
 

0
 

Z
 

N
 
C
 

O
 

U
 

(0 
L
 

O
 
L
 
Q
 

U
 

d
 

IC 
.S 

c
 

'o 

m
 

N
 

ca 

N
 

. L
 

N
 
¢
 

Q
 

c o 
¢
 °
 
o
 

Q
 
N
 

>
 

N
 

L
6
 

7
 

16 
co 

Q
 

Z
2
 



4.6.3 EPA/DHA 

The FDA addressed the safety of DHA and EPA supplementation in the 1997 final rule on the 
approved use of menhaden oil as a direct food ingredient (FDA, 1997b) and regarding the use 
of w-3 fatty acids as a dietary supplement (FDA, 2000b) . In both of these decisions, the FDA 
set a maximum intake of 3 g/day DHA+EPA based on information in the scientific literature on 
increased bleeding times, increases in low-density lipoprotein (LDL) cholesterol levels, and on 
the control of fasting glucose levels in individuals with non-insulin dependent diabetes mellitus 
(NIDDM). The 1997 FDA final ruling was that menhaden oil is GRAS for direct addition to 
various categories of foods in amounts ranging from 1 to 20%, depending on the food category, 
and that the combined intake of EPA+DHA should not exceed 3 g/person/day . Since this ruling, 
FDA has received notices from several other companies that have concluded that fish oils and 
other sources of EPA and/or DHA, other than menhaden oil, are GRAS for use in the same food 
categories as those listed in 21 CFR 184.1472(a) (3) at maximum use levels that are designed 
to assure that the combined daily intake of EPA and DHA would not exceed 3 g per person per 
day (see Table 4.2-2) (CFR, 2005a). As in the final ruling for menhaden oil, the GRAS status of 
these fish oils was based on the use of the fish oil product as the sole added source of EPA and 
DHA, and not in combination with other EPA/DHA-rich oils . Several sources of EPA and DHA 
that have GRAS status are derived from the same fish (anchovies and sardines) as Omega-3 
PL (i.e ., Ocean Nutrition Canada, 18/12 TG; Unilever Unites States Inc., Marinal Oil Omega-3 
Concentrate; Jewards International, Small Planktivorous Pelagic Fish Body Oil) . Details on 
these EPA and DHA sources can be found in Section 4.2.3 of this submission . 

FDA also recommended that the total amount of EPA+DHA provided by dietary supplements be 
less than 2,000 mg/day (FDA, 2000b [Docket No. 91 N-0103]) . The intake of EPA+DHA from 
the maximum recommended dosage of Omega-3 PL (i.e ., up to 4 g/day) is below 2,000 mg/day 
(in fact, it is below 1,000 mg/day); thus, it was deemed unnecessary to assess, from clinical 
studies, the safety of the total amount of EPA and DHA, as the proposed levels of intended use 
for Omega-3 PL are fully compliant with FDA's regulations and recommendations. 

There are two factors that separate Omega-3 PL from most other fish oil supplements: 1) EPA 
and DHA exist both in TG form and in PL form; and 2) The formulation contains a relatively 
higher ratio of EPA:DHA than most fish oil supplements. Clinical trials in which DHA and/or 
EPA were administered in PL form were reviewed in Section 4.6.1-1 . Clinical trials in which a 
high ratio of EPA:DHA was administered, irrespective of lipid form, are reviewed in Table 4.6-3 . 
The ratio of EPA:DHA in Omega-3 PL is approximately 2:1 ; thus, clinical studies in which 
subjects were administered a fish oil supplement with an EPA:DHA ratio of 1 .5:1 to 2.5:1 were 
reviewed . 
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Although Silva et al. (1996) reported significant increases in blood glucose levels in diabetics 
and non-diabetics with the administration of 3.6 g/day EPA+DHA in a ratio of 1 .5 :1 (EPA:DHA), 
these effects were most likely due to the high level of EPA and DHA administered, rather than to 
the ratio of EPA:DHA. Other studies reported no alterations in glycemic control when the 
EPA+DHA intake was limited to 3.0 glday and the ratio of EPA:DHA was 1 .5:1 (McGrath et al., 
1996; McVeigh et al., 1994) . One minor hematoma was reported in a patient with 
angiographically confirmed coronary artery disease who was administered 3.32 g EPA+DHA in 
a ratio of 1 .6 :1 (EPA :DHA) (von Schacky et al., 1999) ; however, the subjects participating in this 
study were taking platelet inhibitors, and it is impossible to delineate whether the hematoma 
was the result of the platelet inhibitor(s), the fish oil supplement, or some sort of synergy 
between the two compounds. Many platelet inhibitors function by altering eicosanoid production 
in favor of anti-aggregatory mediators; thus, that EPA and DHA can act additively or 
synergistically with platelet inhibitors to exert a compounded anti-platelet effect is a possibility 
that cannot be ruled out. It is of note that, as specified in Section 3 of this submission, the 
labeling of Omega-3 PL will indicate that people taking anticoagulants should not use Omega-3 
PL. 

It is apparent that the most common adverse events associated with the administration of a fish 
oil supplement containing EPA and DHA in a ratio of 1 .5:1 to 2.5 :1 are gastrointestinal 
(belching, nausea, diarrhea, unacceptable aftertaste, etc) . While such side effects may occur 
with the use of Omega-3 PL, these adverse events are highly unlikely, particularly since the 
recommended dosage of Omega-3 PL results in an EPA+DHA intake less than 1 g/day. Also, it 
may be noteworthy to reiterate that the ratio of EPA:DHA in Omega-3 PL (approximately 2:1) is 
practically identical to that found in Krill Oil (which is approved as a New Dietary Ingredient and 
is marketed widely in the United States as an EPA+DHA supplement) and very similar to that 
found in menhaden oil (1 .5:1). 
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4.7 Summary of Safety 

4.7.1 Lecithin 

Lecithin, meeting FCC specifications, is GRAS for direct addition to food with no limitations 
other than GMP [21 CFR § 184.1400(c)] (CFR, 2005a). Lecithin is comprised of PL, with PC 
being the most abundant PL species . The maximum amount of total PL that would be ingested 
from the consumption of 4 g/day Omega-3 PL is 2.2 g . At least 25 g of lecithin, containing up to 
95% PC, has been consumed daily without side effects, and some studies have reported no 
adverse events from the consumption of up to 100 g lecithin per day. Thus, the intake of total 
PL from the proposed intake of Omega-3 PL is very low in comparison with lecithin doses that 
have been administered in clinical trials in which no adverse events were observed. In addition, 
the amount of choline provided by the highest recommended dose of Omega-3 PL is 
approximately 130 mg, and this is well below the UL of 3.5 g/day for choline. 

4.7.2 EPA/DHA 

The amount of DHA and EPA provided by the highest recommended daily use of Omega-3 PL 
is 840 mg, a level well below the 3.0 glday limit established by the FDA (1997b, 2004d). Also, 
the amount of DHA and EPA is below the 2 g/day maximum dose that FDA recommends for fish 
oil dietary supplements (FDA, 2000b [Docket No . 91N-0103]). Subchronic and chronic animals 
trials have indicated that DHA and EPA possess low oral toxicity . As a result, the amount of 
DHA and EPA provided by the recommended daily intake of Omega-3 PL is not expected to 
pose any safety concerns. 

4.7.3 Omega-3 PL 

Omega-3 PL has a fatty acid composition and fractional lipid profile similar to marine sources of 
EPA and DHA (fish, shellfish) . Krill Oil, which is currently marketed as a dietary supplement in 
Canada, Japan, and the United States, contains, per gram, similar amounts of EPA and DHA, 
and the ratio of EPA:DHA in Krill Oil and Omega-3 PL is essentially identical (approximately 
2 :1) . Moreover, Krill Oil and Omega-3 PL contain similar amounts of phospholipids and neutral 
lipids . The primary difference between Krill Oil and Omega-3 PL is that the former is extracted 
from the Krill while the latter is synthesized enzymatically via interesterification of soy lecithin 
and a concentrated fish oil ethyl ester. The specifications for Omega-3 PL indicate that the 
product is a concentrated source of EPA and DHA, and that levels of heavy metal contaminants 
and other contaminants (PCBs, PCDDs, PCDFs, PAHs) are very low, even lower than those 
found in other fish oil supplements. Analytical reports from accredited laboratories attest to the 
purity of Omega-3 PL with respect to heavy metals and contaminants (Appendix C) . In addition, 
fatty acid analyses from laboratories across Europe and in North America confirm that the 
production of Omega-3 PL results in a consistent fatty acid profile, particularly with respect to 
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the levels of EPA and DHA (Appendix C). All other fatty acids present in Omega-3 PL are 
naturally present in the diet. Finally, the careful study of over 45 clinical studies in which EPA 
and DHA were administered in a ratio similar to that found in Omega-3 PL confirms the safety of 
Omega-3 PL. 

Overall, the safety of the proposed New Dietary Ingredient, Omega-3 PL, is fully supported by 
extensive safety data relating to its primary components, lecithin and the omega-3 fatty acids, 
DHA and EPA. The safety of Omega-3 PL is also inferred from background dietary exposure to 
EPA and DHA in PL form, as well as to each of the individual components . Omega-3 PL 
complies fully with the FDA limitation of 3 g/day combined EPA and DHA and the FDA 
recommendation of a maximum of 2 g/day combined EPA and DHA from dietary supplements. 
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GLOSSARY 

AA, arachidonic acid 
ALC, American Lecithin Company 
AD, Alzheimer's Disease 
BMI, body mass index 
CDP, cytidine diphosphate 
DG, diacylglycerides or diglycerides 
DHA, docosahexaenoic acid 
DSM-III, Diagnostic and Statistical Manual of Mental Disorders 
EPA, eicosapentaenoic acid 
FAONVHO, Food and Agriculture Organization/World Health Organization 
FCC, Food Chemicals Codex 
FDA, Food and Drug Administration 
EPDS, Edinburgh Postnatal Depression Scale 
ESPGHAN, European Society of Pediatric Gastroenterology and Nutrition 
GI, gastrointestinal 
GMO, genetically modified organism 
GMP, Good Manufacturing Practice 
GRAS, Generally Recognized as Safe 
HAM-D, Hamilton Rating Scale for Depression 
HDL-C, high density lipoprotein cholesterol 
HIV, human immunodeficiency virus 
JECFA, Joint Expert Committee on Food Additives 
LCAT, lecithin:cholesterol acyltransferase 
LC-PUFA, long-chain polyunsaturated fatty acids 
LDL-C, low density lipoprotein cholesterol 
NE, necrotizing enterocolitis 
NIDDM, non-insulin dependent diabetes mellitus 
NOAEL, No Observed Adverse Effect Level 
OLETF, Otsuka Long-Evans Tokushima Fatty 
Omega-3 PL, Omega-3 Phospholipids 
PC, phosphatidylcholine 
PCDDs, polychlorinated dibenzo-p-dioxins 
PCDFs, polychlorinated dibenzofurans 
PCBs, polychlorinated biphenyls 
PE, phosphatidylethanolamine 
PI, phosphatidylinositol 
PL, phospholipids 
PS, phosphatidylserine 
PTMI, Provisional Tolerable Monthly Intake 
PTWI, Provisional Tolerable Weekly Intake 
RBC, red blood cells 
SAM, S-adenosylmethionine 
TEQ-WHO, Toxicity Equivalents-World Health Organization 
TG, triglycerides 
TPN, total parenteral nutrition 
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