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Mead Johnson proposes using DHASCO and ARASCO at approximately 0.8 and 1.6
percent, respectively, of total fat in their infant formula. With overages to assure label
target levels are met, they may actually include up to about 0.9% DHASCO and 1.9%
ARASCO. When Martek submitted its GRAS notification, the company intended to
cover all infant formulas with ARASCO and DHASCO to be marketed in the U.S.
Martek now realizes, however, that the level selected for ARASCO and the
corresponding ARA level did not cover the Mead Johnson formulation. Martek fully
supports Mead Johnson’s proposed use level, with the expected overages, of ARASCO
and DHASCO and believes that the data submitted by Martek, including the findings of
the Expert Panel, establish the GRAS status of Martek's oils at the levels and ratios in the
Mead Johnson formula. The data contained in the Mead Johnson food master file (FMF
639) at the Agency further support the use of level and ratios of DHASCO and ARASCO
in Mead Johnson’s formulas.

The use of the proposed ARASCO and DHASCO levels in the Mead Johnson formula is
supported by the following data and information, which are summarized briefly below:

e The Martek Expert Panel found DHASCO and ARASCO to be safe at levels up to
2.5% each of fat in infant formula.

e Mead Johnson’s proposed levels of both DHA and ARA delivered by the DHASCO
and ARASCO oils are well within the range found in human breast milk (Table 1).

o The DHA and ARA levels proposed for Mead Johnson’s commercial infant formula
are similar to the levels used in Mead Johnson’s clinical safety studies which pose
no safety concerns (Table 2). ‘

o This proposed level of ARASCO oil is similar to amounts studied in other infant
clinical trials without adverse effects (Table 3).

e The ARA to DHA ratio in the formula is within the 1:1 to 2:1 range specified in
Martek’s GRAS Notification.

e Martek- and Mead Johnson-sponsored toxicology studies used 2:1 ratios of ARA to
DHA, thus providing the same safety factor for ARASCO as DHASCO at the
proposed use levels (Table 2).

e A number of organizations have recommended levels above those in the Mead
Johnson formula, ranging up to 1.5% of fat as ARA in infant formula (Table 4).

For the reasons stated above, Martek concurs with Mead Johnson that it is safe to use
DHASCO and ARASCO in commercial infant formulas at levels that provide 0.8-0.9%
of fat from DHASCO and 1.6-1.8% of fat from ARASCO. Indeed, Martek considers
ARASCO and DHASCO to be GRAS when used in infant formulas at levels up to 2.5 %
each of fat witha DHASCO:ARASCO ratio between 1:1 and 1:2.

Sincerelv. _

Henry Linsert, Jr.” ([
ChiefAxecutive Officer
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EXECUTIVE SUMMARY

The undersigned, an independent panel of recognized experts (hereinafter the
Panel), qualified by scientific and/or medical training and relevant international experience
to evaluate the safety of food and food ingredients, was requested by Martek Biosciences
Corporation to determine whether DHASCO® and ARASCO® oils (macronutrient oils
produced by fermentation and containing docosahexaenoic acid (DHA) or arachidonic
acid (ARA)), using scientific procedures, are Generally Recognized as Safe (GRAS) for
consumption by infants (birth to 1 year) and children (1-12 years) at dose levels up to
2.5% each of total dietary fat. For infants, this dose is equivalent to 1.25% of dietary
calories or about 150 mg of the oil/kg body wt/day. A comprehensive search of the
scientific literature (published and unpublished) for information on the use and safety of
ARASCO and DHASCO through October 15, 1999 was conducted by Martek and was
made available to the Panel. The Panel members independently and critically evaluated the
materials submitted by Martek Biosciences Corporation and other materials deemed
appropriate and conferred by telephone several times before preparation of this report.

Earlier safety concerns regarding growth of infants fed fish oil-supplemented
formulas have been addressed. They appear to be associated with the eicosapentaenoic
acid (EPA) present in the fish oils. EPA leads to a depression of ARA and associated
eicosanoid levels. In contrast, growth inhibition has never been observed when DHASCO,
which does not contain EPA, was used as a dietary DHA source for infants. The growth
delay seen in some fish oil-based formula studies can be avoided by adding an ARA source
along with the DHA to infant formulas. Recent controlled studies indicate that preterm
and term infants fed formulas fortified with both ARASCO and DHASCO oils have better
growth indices than infants fed unsupplemented formula. Other potential safety concerns
associated with fish oil, such as increased bleeding times, have never been linked to the use
of DHASCO or ARASCO oils.

The Panel first considered the importance of DHA and ARA for infants and
children. After reviewing the literature regarding the efficacy of DHA and ARA (from any
source) in infant nutrition, the Panel unanimously agrees that: 1) there is a deficiency in the
DHA and ARA status in infants fed formula not fortified with DHA and ARA; 2) that this
is reflected in a decreased blood and other tissue (e.g., brain) levels of DHA and ARA;
and 3) that this deficiency contributes to the visual and neurological deficits observed in
formula-fed compared with breast-fed infants. The link between these two long-chain
polyunsaturated fatty acids and developmental outcome has been established by well-
controlled clinical studies indicating that addition of DHA and ARA to the formula not
only corrects the deficiency, but can also contribute to the elimination of these
neurological deficits.

This Panel also considered the opinion of other Expert Panels, associated with
prestigious scientific and medical organizations, that convened over the last ten years to
consider the question of whether to add DHA and ARA to infant formulas. The general
consensus among the different panels was that both of these fatty acids should be added to
formulas at levels corresponding to those found in human breast milk. One panel from the
Life Science Research Organization (LSRO) of the American Society for Nutritional
Sciences, that reviewed the addition of long-chain fatty acids as part of an overall review
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of the requirements for term (not preterm) infants formulas did not recommend that DHA
and ARA be a required addition to term formulas at this time. However, they did
recognize the importance of maintaining the DHA status of infants and suggested that
supraphysiological levels of linolenic acid (a precursor to DHA) should be added to help
improve the DHA status of the formula-fed infant. This LSRO Panel did not review
several of the most recent studies, and recommended a re-evaluation of this issue in the
near future as new clinical study data emerge. Another LSRO panel is presently
considering the DHA and ARA requirements for preterm infants.

The chemical composition and manufacturing processes for both DHASCO and
ARASCO oils were carefully reviewed by the Panel to ensure that oil quality meets
standards for food production. DHASCO oil is a triglyceride, produced by the alga
Crypthecodinium cohnii, which contains 40% by weight of DHA (specifications given in
section 6). ARASCO oil, also predominantly triglyceride, is produced by the fungus
Mortierella alpina and contains 40% by weight of ARA. In both cases, these oils contain
DHA and ARA in triglyceride structures that are chemically equivalent to those delivered
to infants from mother’s milk. Both oils also contain other common saturated and
monounsaturated fatty acids. Minor nonsaponifiable fractions of the oils have been
characterized and contain primarily cholesterol-related sterols commonly found in other
food sources. Both oils are manufactured by a controlled fermentation process, followed
by oil extraction and purification using methods common to the vegetable oil industry. All
ingredients used in the processing of the oils are either food grade, or of higher quality,
and the entire process meets current Good Manufacturing Practices for foods. All oils
undergo rigorous analytical and quality assurance testing and meet well-defined product
specifications prior to release.

Based on elevation of blood lipid levels following ingestion of either DHASCO or
ARASCO, both oils are absorbed in a manner consistent with other dietary triglycerides.
The DHA and ARA are distributed throughout the body and are found at the highest
levels in brain, retina, testes, and heart. DHA and ARA can be catabolized completely to
CO2 and H20, but the catabolic rate is slower than with other dietary fatty acids. This is
necessary in order to maintain DHA and ARA levels in the rapidly expanding neurological
tissues of infants and children. In addition, ARA, but not DHA, serves as a precursor
molecule to eicosanoids, and the omega-6 series of eicosanoids are well recognized as
stimulators of immune function. Studies have shown that small amounts of DHA can be
retroconverted to EPA in humans, although accumulation of EPA is negligible at doses of
DHASCO used for infant supplementation. Although oxidation of these highly
unsaturated fatty acids in blood or tissues has been raised as a potential concern, studies
have shown that DHA, in particular, activates antioxidant systems in the body and may
actually protect against oxidation of polyunsaturated fatty acids. Animal and human
studies have confirmed that supplementation with DHA and ARA protects, rather than
accentuates oxidative damage. This is not inconsistent with the finding that infants who
receive breast milk (containing DHA and ARA) are more protected from Necrotizing
enterocolitis (NEC) than infants fed formulas without DHA and ARA.

A large number of safety studies have been conducted using DHASCO and .
ARASCO oils, including acute, subchronic, developmental and reproductive toxicology
studies in rats and in vitro mutagenicity assays. All studies were modeled after FDA
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Redbook guidelines and conducted at GLP-compliant laboratories. The study results were
evaluated relative to well known effects of supplementation with high doses of
polyunsaturated fatty acids (PUFAs) in order to distinguish between PUF A-related effects
and effects due to the sources themselves. None of the studies indicated that the oils were
toxic, and the No Adverse Effect Levels (NOAELSs) were determined to correspond to the
highest doses tested. Modestly increased liver weights were noted, but this was not a
consistant finding, nor was it accompanied by abnormal histology or serum enzyme levels.
Furthermore, the liver weight changes were no longer apparent when assessed relative to
other organ weights (e.g. brain). These changes were, therefore, deemed not to be
toxicological in nature as this is a well-known effect of the Long Chain PUFAs in
mammals when administered at high dose levels, well above those intended for infants or
children. All other concerns raised by previous reviews have been addressed in this
document (Appendix 4). In addition, the crude biomasses containing the DHASCO or
ARASCO have also been extensively tested and found to be nontoxigenic.

Studies conducted in twelve different animal species, including nonhuman
primates, have provided a large base of experience and extensive toxicological data with
DHASCO and ARASCO oils (summarized in Appendix 1). None of the reports
(published or unpublished) have suggested any toxicological or safety issues associated
with the use of these oils. At least fourteen well-controlled clinical studies involving over
1500 infants have confirmed that DHASCO and ARASCO increase circulating levels of
DHA and ARA in preterm and term infants (summarized in Appendix 2). Significant
improvements in growth, visual and mental acuity have also been reported in infant groups
supplemented with these oils and no adverse events have been reported. In addition,
twenty-nine separate, well-controlled clinical intervention studies using DHASCO and/or
ARASCO have been conducted on adults or children with no reported adverse effects of
the treatment (summarized in Appendix 3). Two such studies with particular emphasis on
safety and bioavailability were conducted by the U.S. Department of Agriculture using
high doses of either ARASCO (3 g/day) or DHASCO (15 g/day) with adult volunteers.
The preclinical and clinical studies conducted with these oils further support their use as a
safe dietary source of DHA and ARA.

In addition, these oils have now been in commercial use in infant formulas in over
60 countries around the world (including the United Kingdom, France and Israel) at levels
in accord with WHO/FAOQ guidelines for as long as three years with no reported adverse
findings during that time. Over 40 million capsules have been sold as dietary supplements
to an estimated 250,000 individuals, primarily in the United States, with no significant
adverse events reported to the Company. The large numbers of individuals (infants
through adults) who have consumed the DHASCO or ARASCO oils as commercial
products or in clinical trials with no adverse effects provides additional support for the
establishment of GRAS status for these products at use levels that can commonly be
obtained in the diet. .

000063



GRAS Panel Evaluation of DHASCO and ARASCO Page 6

. Human breast milk is the “Gold Standard” for infant nutrition. In addition to
other important nutrients, human breast-fed infants receive DHA- and ARA-containing
triglycerides from their mother’s milk. Based on this fact, the growing body of evidence
_demonstrating the importance of supplying infants with DHA and ARA, and after a
critical evaluation and analysis of the safety and clinical information available on
DHASCO and ARASCO as DHA- and ARA-containing triglycerides, the undersigned
Expert Panel has determined that these oils, derived from the referenced algal and fungal
sources, meeting food grade specifications and produced according to current Good
Manufacturing Practices (¢cGMP; 21 CFR 182.1) to be Generally Recognized as Safe
(GRAS) for use in supplementing the diets of infants and children up to 15 years of age at
levels of 2.5% of dietary fat (1.25% of energy or up to 150 mg DHASCO (or ARASCO)

perkebodv weight per day). i
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Table 1: International Breast Milk DHA Level

' wt % ARA  wt % DHA Country Ref, wt % ARA  wt % DHA Country Ref.
0.19 0.29 UK (1] 0.52 0.22 Xichang, China [7]
0.24 0.14 France {2] 0.52 0.26 Netherlands  [43]
0.29 0.06 USA [3] 0.52 0.32 Panama [44]
0.31 0.24 Netherlands (4] 0.52 0.32 France [45]
0.31 0.39 The Gambia (5] 0.52 0.32 Nigeria {46]
0.32 0.14 UK 15]] 0.53 0.16 USA [47]
0.35 0.15 Enshi, China [7] 0.54 0.11 - USA [48]
0.35 0.31 Finland [8] 0.54 0.3 Canada [49]
0.35 037 UK [6] 0.54 0.48 Finland [50]
0.36 0.22 Germany [9] 0.54 0.59 UK [51]
0.36 0.24 France [10] 0.55 0.24 USA 52]
0.36 0.53 Japan {11] 0.56 0.16 USA [53]
0.36 0.9 Dominica [12] 0.56 0.34 Nigeria [(11]
0.37 0.34 Netherlands  [4] 0.56 0.41 Surinam [54]
0.37 0.39 Finland (13} 0.56 0.42 France {55]
0.38 0.3 UK [6] 0.57 0.2 Nigeria [56]
0.39 0.16 Gemany & UK [14] 0.57 0.3 Spain [57]
0.4 0.1 USA [15] 0.57 0.49 Thailand (58]
0.4 0.21 Australia (16} 0.57 0.9 Malaysia {301
0.4 0.3 Sweden (7] 0.58 0.15 USA (48]
04 03 Canada {18] 0.58 0.21 USA [52]
0.4 0.32 Australia [19] * 0.58 0.56 St. Lucia {591

. 0.41 0.21 Australia [20] 0.59 0.19 USA [60]
0.42 0.15 Nigeria [21] 0.59 0.23 USA [61}
0.42 0.68 Sweden [22] 06 0.1 USA [62]
0.44 0.55 Congo [23] 0.6 0.2 S. Africa {63]
0.45 0.23 Gemany (24} 0.6 0.21 Hungary [58]
045 0.37 France [25] 0.6 0.23 USA [52]
0.46 0.2 Belize (1 0.6 0.27 Tanzania {54]
0.46 0.29 Sweden [26] 0.6 0.4 Netherlands  [64]
0.46 0.29 Netherlands  [27] 0.6 14 Canada [65]
0.47 0.26 Netherlands  [28] 0.63 0.28 Beijing, China [7]
0.47 0.43 Sweden [29] 0.64 0.71 Malaysia {30]
0.47 09 Malaysia [30] 0.69 0.29 USA [66]
048 0.15 USA [31] 0.69 0.38 Spain [44]
0.48 0.24 Gemany {24] 0.7 0.37 USA 671
0.48 0.26 Netherlands  [32] 0.7 04 Canada [65]
0.5 0.1 Hungary [33] 0.71 0.43 Curacao (54}
0.5 0.2 USA [34] 0.72 0.23 UK 51 -
0.5 0.2 Canada [35] 0.77 0.55 Germany [68]
0.5 0.31 France [36] 0.8 04 Spain {69]
0.5 0.32 France {37} 08 0.5 Canada [70}
0.5 0.34 Spain (38] 082" 0.93 Nigeria (71]
0.5 0.4 Dominica = {39} 0.99 1.09 Japan [72]
0.5 0.4 Canada [40} 1 0.1 S. Africa ' [63]
0.51 02 Nigeria [41] 1.56 0.15 Poland 73]

. 0.52 0.21 USA [42]
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Table 2;: Comparison of ARA and DHA Levels

Martek’'s Mead Toxicology Studies

Mead Martek’
S Johnson Martek Mead Johnson

Dietary Fat Johnson Expert GRAS

Proposed Panel e . Clinical
. L Notification Max Safety Max Safety
Use Levels Opinion Safety Study Dose Factor' Dose Factor

ARA (wt % of fat) 0.84% 1.0% 0.5% 0.6%
DHA (wt % of fat) 0.32% 1.0% 0.5% 0.34%
ARASCO (Wt % of fat) 1.8% 2.5% 1.25% 1.50%
DHASCO (wt % of fat) 0.8% 2.5% 1.25% 0.85%
ARASCO (mg oillkg bw/day) 96 150 75 90 2500 26x 6000  62.5x
DHASCO (mg oilikg bw/day) 48 150 75 55 1250 26x 3000  62.5x

*Actual values are approximately 10-15% higher as a result of overages included to assure label target levels are met consistently.

! Safety factor over Mead Johnson’s proposed use level.



Table 3
ARASCO and DHASCO Contents of Infant Formulas Used in
Controlled Clinical Trials

ARA Content DHA Content

(Wt Ve

Preterm Studies

Camielli et al. 1994 0.75 0.6
Camielli et al. 1998 0.84 0.64
Clandinin et al. 1997 0.32/0.49/11 0.24/0.35/0.76
Foreman-van Drongelen et al. 1996 0.61 0.3
Vanderhoof et al. 1999; 2000 0.50 0.35
Hansen et al. 1997 060/0 0.33/0.34
Tem Studies

Birch et al. 1998; 2000 0/0.72 0.35/0.36
Carison 1999 06/06 0.3/ fish oil
Gibson et al. 1997 02/032/04 02/0.2/025
Morris et al. 2000 0.4 0.2
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ble 4: Comparison of Proposed Commercial Use Level and Panel Recommendations

Ta
Preterm Formula MJ Proposed ESPGAN BNF ISSFAL FAO/WHO ISSFAL Child Health
Levels* (1991) (1992) (1994) (1994) (1999) Foundation
(Adequate intakes) (2001)

ARA (Wt% of fat) 0.64% 0.4% 0.9-1.5% 0.9% 0.5% at least 0.4%

DHA (wt% of fat) 0.32% 0.4% 0.5-1.1% 0.6% 0.35% at least 0.35%

Term Formula

ARA (wt% of fat) 0.64 % 0.4% 0.7% 0.5% at least 0.35%
| DHA (M% of fat) 0.32 % 0.4% 0.35% 0.35% at least 0.2%

*Actual values are approximately 10-15% higher as a result of overages included to assure label target levels are met consistently.
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EXECUTIVE SUMMARY

The undersigned, an independent panel of recognized experts (hereinafter the
Panel), qualified by scientific and/or medical training and relevant international experience
to evaluate the safety of food and food ingredients, was requested by Martek Biosciences
Corporation to determine whether DHASCO® and ARASCO® oils (macronutrient oils
produced by fermentation and containing docosahexaenoic acid (DHA) or arachidonic
acid (ARA)), using scientific procedures, are Generally Recognized as Safe (GRAS) for
consumption by infants (birth to 1 year) and children (1-12 years) at dose levels up to
2.5% each of total dietary fat. For infants, this dose is equivalent to 1.25% of dietary
calories or about 150 mg of the oil’kg body wt/day. A comprehensive search of the
scientific literature (published and unpublished) for information on the use and safety of
ARASCO and DHASCO through October 15, 1999 was conducted by Martek and was
made available to the Panel. The Panel members independently and critically evaluated the
materials submitted by Martek Biosciences Corporation and other materials deemed
appropriate and conferred by telephone several times before preparation of this report.

Earlier safety concerns regarding growth of infants fed fish oil-supplemented
formulas have been addressed. They appear to be associated with the eicosapentaenoic
acid (EPA) present in the fish oils. EPA leads to a depression of ARA and associated
eicosanoid levels. In contrast, growth inhibition has never been observed when DHASCO,
which does not contain EPA, was used as a dietary DHA source for infants. The growth
delay seen in some fish oil-based formula studies can be avoided by adding an ARA source
along with the DHA to infant formulas. Recent controlled studies indicate that preterm
and term infants fed formulas fortified with both ARASCO and DHASCO oils have better
growth indices than infants fed unsupplemented formula. Other potential safety concerns
associated with fish oil, such as increased bleeding times, have never been linked to the use
of DHASCO or ARASCO oils.

The Panel first considered the importance of DHA and ARA for infants and
children. After reviewing the literature regarding the efficacy of DHA and ARA (from any
source) in infant nutrition, the Panel unanimously agrees that: 1) there is a deficiency in the
DHA and ARA status in infants fed formula not fortified with DHA and ARA; 2) that this
is reflected in a decreased blood and other tissue (e.g., brain) levels of DHA and ARA;
and 3) that this deficiency contributes to the visual and neurological deficits observed in
formula-fed compared with breast-fed infants. The link between these two long-chain
polyunsaturated fatty acids and developmental outcome has been established by well-
controlled clinical studies indicating that addition of DHA and ARA to the formula not
only corrects the deficiency, but can also contribute to the elimination of these
neurological deficits. ‘

This Panel also considered the opinion of other Expert Panels, associated with
prestigious scientific and medical organizations, that convened over the last ten years to
consider the question of whether to add DHA and ARA to infant formulas. The general
consensus among the different panels was that both of these fatty acids should be added to
formulas at levels corresponding to those found in human breast milk. One panel from the
Life Science Research Organization (LSRO) of the American Society for Nutritional
Sciences, that reviewed the addition of long-chain fatty acids as part of an overall review
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of the requirements for term (not preterm) infants formulas did not recommend that DHA
and ARA be a required addition to term formulas at this time. However, they did
recognize the importance of maintaining the DHA status of infants and suggested that
supraphysiological levels of linolenic acid (a precursor to DHA) should be added to help
improve the DHA status of the formula-fed infant. This LSRO Panel did not review
several of the most recent studies, and recommended a re-evaluation of this issue in the
near future as new clinical study data emerge. Another LSRO panel is presently
considering the DHA and ARA requirements for preterm infants.

The chemical composition and manufacturing processes for both DHASCO and
ARASCO oils were carefully reviewed by the Panel to ensure that oil quality meets
standards for food production. DHASCO oil is a triglyceride, produced by the alga
Crypthecodinium cohnii, which contains 40% by weight of DHA (specifications given in
section 6). ARASCO oil, also predominantly triglyceride, is produced by the fungus
Mortierella alpina and contains 40% by weight of ARA. In both cases, these oils contain
DHA and ARA 'in triglyceride structures that are chemically equivalent to those-delivered
to infants from mother’s milk. Both oils also contain other common saturated and
monounsaturated fatty acids. Minor nonsaponifiable fractions of the oils have been
characterized and contain primarily cholesterol-related sterols commonly found in other
food sources. Both oils are manufactured by a controlled fermentation process, followed
by oil extraction and purification using methods common to the vegetable oil industry. All
ingredients used in the processing of the oils are either food grade, or of higher quality,
and the entire process meets current Good Manufacturing Practices for foods. All oils
undergo rigorous analytical and quality assurance testing and meet well-defined product
specifications prior to release.

Based on elevation of blood lipid levels following ingestion of either DHASCO or
ARASCO, both oils are absorbed in a manner consistent with other dietary triglycerides.
The DHA and ARA are distributed throughout the body and are found at the highest
levels in brain, retina, testes, and heart. DHA and ARA can be catabolized completely to
CO2 and H20, but the catabolic rate is slower than with other dietary fatty acids. This is
necessary in order to maintain DHA and ARA levels in the rapidly expanding neurological
tissues of infants and children. In addition, ARA, but not DHA, serves as a precursor
molecule to eicosanoids, and the omega-6 series of eicosanoids are well recognized as
stimulators of immune function. Studies have shown that small amounts of DHA can be
retroconverted to EPA in humans, although accumulation of EPA is negligible at doses of
DHASCO used for infant supplementation. Although oxidation of these highly
unsaturated fatty acids in blood or tissues has been raised as a potential concern, studies
have shown that DHA, in particular, activates antioxidant systems in the body and may
actually protect against oxidation of polyunsaturated fatty acids. Animal and human
studies have confirmed that supplementation with DHA and ARA protects, rather than
accentuates oxidative damage. This is not inconsistent with the finding that infants who
receive breast milk (containing DHA and ARA) are more protected from Necrotizing
enterocolitis (NEC) than infants fed formulas without DHA and ARA. ;

A large number of safety studies have been conducted using DHASCO and
ARASCO oils, including acute, subchronic, developmental and reproductive toxicology
studies in rats and in vitro mutagenicity assays. All studies were modeled after FDA
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Redbook guidelines and conducted at GLP-compliant laboratories. The study results were
evaluated relative to well known effects of supplementation with high doses of
polyunsaturated fatty acids (PUFAs) in order to distinguish between PUF A-related effects
and effects due to the sources themselves. None of the studies indicated that the oils were
toxic, and the No Adverse Effect Levels (NOAELs) were determined to correspond to the
highest doses tested. Modestly increased liver weights were noted, but this was not a.
consistant finding, nor was it accompanied by abnormal histology or serum enzyme levels.
Furthermore, the liver weight changes were no longer apparent when assessed relative to
other organ weights (e.g. brain). These changes were, therefore, deemed not to be
toxicological in nature as this is a well-known effect of the Long Chain PUFAs in
mammals when administered at high dose levels, well above those intended for infants or
children. All other concerns raised by previous reviews have been addressed in this
document (Appendix 4). In addition, the crude biomasses containing the DHASCO or
ARASCO have also been extensively tested and found to be nontoxigenic.

Studies conducted in twelve different animal species, including nonhuman
primates, have provided a large base of experience and extensive toxicological data with
DHASCO and ARASCO oils (summarized in Appendix 1). None of the reports
(published or unpublished) have suggested any toxicological or safety issues associated
with the use of these oils. At least fourteen well-controlled clinical studies involving over
1500 infants have confirmed that DHASCO and ARASCO increase circulating levels of
DHA and ARA in preterm and term infants (summarized in Appendix 2). Significant
improvements in growth, visual and mental acuity have also been reported in infant groups
supplemented with these oils and no adverse events have been reported. In addition,
twenty-nine separate, well-controlled clinical intervention studies using DHASCO and/or
ARASCO have been conducted on adults or children with no reported adverse effects of
the treatment (summarized in Appendix 3). Two such studies with particular emphasis on
safety and bioavailability were conducted by the U.S. Department of Agriculture using
high doses of either ARASCO (3 g/day) or DHASCO (15 g/day) with adult volunteers.
The preclinical and clinical studies conducted with these oils further support their use as a
safe dietary source of DHA and ARA.

In addition, these oils have now been in commercial use in infant formulas in over
60 countries around the world (including the United Kingdom, France and Israel) at levels
in accord with WHO/FAO guidelines for as long as three years with no reported adverse
findings during that time. Over 40 million capsules have been sold as dietary supplements
to an estimated 250,000 individuals, primarily in the United States, with no significant
adverse events reported to the Company. The large numbers of individuals (infants -
through adults) who have consumed the DHASCO or ARASCO oils as commercial
products or in clinical trials with no adverse effects provides additional support for the
establishment of GRAS status for these products at use levels that can commonly be

obtained in the diet.
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Human breast milk is the “Gold Standard” for infant nutrition. In addition to
other important nutrients, human breast-fed infants receive DHA- and ARA-containing
triglycerides from their mother’s milk. Based on this fact, the growing body of evidence
demonstrating the importance of supplying infants with DHA and ARA, and after a
critical evaluation and analysis of the safety and clinical information available on
DHASCO and ARASCO as DHA- and AiRA-containing triglycerides, the undersigned
Expert Panel has determined that these oils, derived from the referenced algal and fungal
sources, meeting food grade specifications and produced according to current Good
Manufacturing Practices (cGMP; 21 CFR 182.1) to be Generally Recognized as Safe
(GRAS) for use in supplementing the diets of infants and children up to 15 years of age at
levels of 2.5% of dietary fat (1.25% of energy or up to 150 mg DHASCO (or ARASCO)
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1. INTRODUCTION

An independent panel of recognized experts (hereinafter the Panel), qualified by
scientific and/or medical training and relevant international experience to evaluate the
safety of food and food ingredients, was requested to determine whether DHASCO?® and
ARASCO® oils (macronutrient oils produced by microbial fermentation and containing
docosahexaenoic acid (DHA) or arachidonic acid (ARA)), using scientific procedures, are
Generally Recognized as Safe (GRAS) for consumption by infants (birth to 1 year) and
children (1-12 years) at dose levels up to 2.5% of total dietary fat. In an infant, this dose
is equivalent to 1.25% of dietary calories or about 150 mg of the oil/kg body wt/day. A
comprehensive search of the scientific literature (published and unpublished) for
information on the use and safety of ARASCO and DHASCO through October 15, 1999
was conducted by Martek Biosciences Corporation (Martek) and was made available to
the Panel. Reprints, abstracts, laboratory data and other materials were also provided.
The Panel members independently and critically evaluated the materials submitted by
Martek and other materials deemed appropriate. The Panel conferred by telephone several
times and also conferred with members of Martek Biosciences Corporation for issues
‘requiring clarification before the preparation of this report, which includes a review of the
pertinent literature and recommendations. ‘

2. THE IMPORTANCE OF DHA AND ARA IN INFANT NUTRITION

Prior to assessing the safety of the reference materials DHASCO and ARASCO
oils, the Panel considered the importance of dietary DHA and ARA from any source for
infants and children. The Panel unanimously agrees that there is a biochemical deficiency
in infants receiving formulas with no supplemental DHA and ARA relative to infants being
fed their own mother’s milk -- the gold standard for infant nutrition. This biochemical
deficiency is reflected in abnormally low levels of circulating DHA and ARA in the blood
of unsupplemented formula-fed babies relative to breast-fed babies, and there is clinical
evidence to suggest that there may be both short term and long term detrimental
consequences as a result of this deficiency.

2.1 DHASCO AND ARASCO ARE SUBSTANTIALLY EQUIVALENT TO
DHA AND ARA TRIGLYCERIDES IN HUMAN MILK. From an evolutionary point of
view, breast milk represents the optimal source of nutrition for the human infant and it is
often referred to as the “gold standard”. Infant formulas are also used as the sole source
of nutrition for a human infant and should, therefore, be as nutritionally balanced as human
milk. DHA and ARA are found in human milk in low, but significant quantities. The
DHA and ARA content of human milks from 65 published reports around the world are
given in Table 2.1-1. It is clear that the DHA content of human milk is quite variable
ranging from 0.06% to 1.4% of total fat and has been shown to be dependent on the
dietary DHA intake of the mother (165). Mothers with diets low in fish and other sources
of DHA, but otherwise high in fat (e.g., a typical Western diet), have breast milk DHA
levels on the low end of the range. Women from the United States, for example, have
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among the lowest levels of DHA in their breast milk compared to worldwide averages
' (Figure 2.1-1).

. To determine the optimal level of DHA in breast milk we must consider the diets
to which our species evolved. Such Paleolithic diets were thought to contain much more
DHA and much less total fat than the typical Western diet (32), and the DHA content of
breast milk would therefore have been much higher than it is today. Thus, an estimated
optimal level of DHA in the breast milk would likewise be much higher than it is in the
United States today.

Table 2.1-1 Breast milk DHA and ARA levels from women around the world.

Author/year Reference wt '’ DHA  wt % ARA Country
Finley, et al. (1985) (89) 0.06 0.29 USA
Harris, et al. (1984) (114) 0.1 04 USA
Putnam, et al. (1982) (198) 0.1 0.6 USA
van der Westhuizen, et al. (1988) (235 0.1 1 S. Africa
Sas, et al (1986) (208) 0.1 0.5 Hungary
Spear, et al. (1992) (221) 0.11 0.54 ~ USsA
Sanders and Reddy (1992) (207) 0.14 0.32 UK (vegan)
Maurage, et al. (1998) (171) 0.14 0.24 France
Auestad, et al. (1997) ©) 0.15 0.48 USA
Spear, et al. (1992) (221) 0.15 0.58 USA
Okolska, et al. (1983) (189) 0.15 . L.56 . Poland
. Dotson, et al. (1992) (80) 0.16 0.53 USA

. Jackson, et al. (1994) (134) 0.16 0.56 USA
Harzer, et al. (1983) (115) 0.16 0.39 Germany & UK
Carlson, et al. (1986) (&4) 0.19 - 0.59 USA
Francois, et al. (1998) (92) 0.2 0.5 USA
van der Westhuizen, et al. (1988) (235) 0.2 0.6 S. Africa
Innis, et al. (1994) (132) 0.2 - 0.5 Canada
Bitman, et al. (1983) (23) 0.21 0.58 USA
Henderson, et al. (1998) (118) 0.21 0.52 . USA
Drury and Crawford (1990) ¢29) 0.21 0.6 Hungary
Makrides, et al (1995) (163) 0.21 0.4 Australia
Makrides, et al. (1996) (165) 0.21 0.41 Australia
Koletzko, et al. (1988) (147) 0.22 0.36 Germany
Bitman, et al. (1983) 23) 0.23 0.6 USA
Sanders, et al. (1978) (206) 0.23 0.72 UK (vegan)
Genzel-Boroviczeny, et al (1997) 94) 0.23 0.45 Germany
Bitman, et al. (1983) (23) 0.24 0.55 UsA
Beijers and Schaafsma (1996) (16) 024 0.31 Netherlands
Genzel-Boroviczeny, et al. (1997) (94) 0.24 0.48 Germany
Martin, et al. (1993) (170) 0.24 036 - France
Carnielli, et al. (1998) (51 0.26 © 048 Netherlands
Foreman-van Drongelen, et al. (1996) on . 0.26 0.52 Netherlands
van Beusekom, et al. (1993) (233) 0.26- 0.47 Netherlands
Muskiet, et al. (1987) (181) 0.27 0.6 Tanzania
Specker, et al. (1987) (222) 0.29 0.69 USA
Hall (1979) (111) 0.29 0.19 UK

. Yu, et al. (1998) (257) 0.29 0.46 Sweden
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- Authorfyeur Reference wt % DHA  wt %, ARA Country
o Sanders and Reddy (1992) (207) 0.3 0.38 UK
. Jansson, et al. (1981) (137 0.3 0.4 Sweden
Villacampa, et al (1982) (240) 0.3 0.57 Spain
Cherian and Sim (1996} (56) 0.3 0.4 Canada
Clandinin, et al. (1997) (61) 0.3 0.54 Canada
Babin et al. (1999) (10) 0.31 0.5 France
Kaila, et al. (1999) o (142) 0.31 0.35 Finland
Rueda, et al. (1998) (202) 032 0.52 Panama
Billeaud, et al. (1997) (19) 0.32 0.52 France
Chardigny, et al. (1995) (55) 0.32 05 France
Gibson, et al. (1981) 95) 0.32 0.4 Australia
FAO/WHO RECOMMENDATIONS (84) 0.33! 0.65
FOR FULL TERM INFANTS
de la Presa-Owens, et al. (1998) 2)) 0.34 0.5 Spain
Ogunleye, et al. (1991) (188) 0.34 0.56 Nigeria
Beijers and Schaafsma (1996) (16) 0.34 0.37 Netherlands
ISSFAL 1999 33 035 0.50
RECOMMENDATIONS FOR FULL
TERM INFANTS
Sanders and Reddy (1992) (207 0.37 0.35 UK
Guesnet, et al. (1993) (110) 0.37 0.45 France
) Rueda, et al. (1998) (202) 0.38 0.69 . Spain
Prentice, et al. (1989) 197 0.39 0.31 The Gambia
. Luukkainen, et al. (1994) (162) 0.39 0.37 Finland
de Lucchi, et al (1988) (72) 0.4 0.8 Spain
Jacobs, et al. (1996) (135) 0.4 0.6 Netherlands
van Beusekom, et al. (1993) (233) 0.4 0.5 Dominica
Clandinin, et al (1981) (58) 04 0.5 Canada
Innis, et al (1988) (126) 04 0.7 Canada
Mouskiet, et al. (1987) (181) 0.41 0.56 Surinam
Horby Jorgensen, et al. (1996) (124) 0.43 0.47 Sweden
Mouskiet, et al. (1987) (181) 0.43 0.71 Curacao
Laukkainen, et al. (1995) (162) 0.48 0.54 Finland
Drury and Crawford (1990) 81 0.49 0.57 Thailand
Innis, et al. (1990) ‘ (130) 0.5 08 Canada
Ogunleye, et al. (1991) (188) 0.53 0.36 Japan
Fidler, et al. (1998) 87 0.55 0.77 Germany
Rocquelin, et al. (1998) (200) 0.55 0.44 Congo
Boersma, et al. (1991) (25) 0.56 0.58 St. Lucia
Sanders, et al. (1978) (206) 0.59 0.54 UK
Kneebone, et al. (1985) (144) 0.71 0.64 Malaysia
Kneebone, et al (1985) (25) 0.9 . 047 Malaysia
Kneebone, et al. (1985) (25) 0.9 ©0.57 Malaysia
Koletzko, et al. (1991) (149) - 093 0.82 Nigeria
Innis, et al. (1988) - (126) 1.4 0.6 Canada
! Fatty acid recommendations given in mg/kg body weight and were converted to weight % fat assuming
. that term infants consume 110 kcal/’kg body wt/day and that 50% of calories in formula are from fat.
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clinical studies indicate that supplementing formulas with DHASCO and ARASCO
reduces or eliminates the detrimental consequences of the DHA and ARA deficiency.
Consequently, this Panel does not find any reason to disagree with other Expert Panels’
opinions on the importance of DHA and ARA in infant nutrition, and further believes that
there is now sufficient evidence that it is beneficial to supplement infants with DHA and
ARA as a means to eliminate the biochemical deficiency in these infants and to more
closely approximate the condition of a breast-fed infant. The Panel further believes that
such an addition is in line with the general tenet of providing infants with nutritive
components that most closely match the nutritive components of human milk.

3. CURRENT AND PROPOSED USES FOR DHASCO AND ARASCO

As described in the previous section, several other Expert Panels have addressed
the issue of use levels of DHA and ARA in infant formulas (31, 83, 84, 133). The levels
recommended by those Expert Panels are given in Table 3-1 for pre-term and term infant
formulas and range from 0.4% to 1.5% of total formula fat for ARA, and 0.35% to 1.1%
of total formula fat for DHA. These values closely approximate levels of DHA and ARA
found in human milks from around the world. Although the recent LSRO Panel in the
U.S. (159) concluded that there is not enough information at this time to mandate the
addition of DHA and ARA to infant formulas (see previous discussion), they did conclude
that there is ongoing research in this area, and that the issue should be reopened when
those data are available. A much larger group of world-wide experts in lipid nutrition
more recently (April, 1999) reviewed the latest data (not reviewed or discussed by the
LSRO Panel), and concluded that an infant formula would need to contain at least 0.35%
of lipid as DHA and 0.50% of lipid as ARA for an infant to receive an adequate intake -
(AI) of these components (217). They also went on to identify the potential problems
with EPA and recommended that there should be an upper limit (not to exceed) for EPA
of not more than one quarter the level of DHA.

Table 3-1. Recommendations of five expert panels for the inclusion of ARA and
DHA in infant formulas.

ESPGAN ISSFAL FAOAVHO ISSFAL
Year 1991 1992 1994 1994 1999
Preterm Formula
ARA (% of fary 1% 0.40% 0.90-1.5% 0.90 % 0.50 %
DHA (% of far) 0.5% 0.40 % 0.5-1.1% 0.60 % 0.35%
Term Formula
ARA (% of far) 0.40 % 0.70 % 0.50 %
DHA (% of far) 0.40 % ) 0.35% 0.35%
DHA/EPA ratio . >35t0l 10to | >4to0l

¥ Assmptions for the calculated values are 1) preterm infants consume 120 kcal/kg/d and term infants
consume | 10 kcal/kg/d, 2) fat comprises 50% of energy of the formula, and 3) { g fat has 9 kcal.
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In the last |5 years, at least 32 well-controlled clinical trials have been completed
using DHA/ARA supplemented formulas (see Table 2.2-1). All trials have used
supplemental DHA at levels in preterm formulas from 0.15% to 0.78%, and for term
formulas from 0.1% to 0.36% of total formula fat. Supplemental ARA has been used in
most, but not all trials. In trials where supplemental ARA has been used, the
concentration ranged from 0.1% to 1.1% of total fat in preterm formulas, and from 0.20%
to 0.72% for term formulas. Of particular relevance to this Panel were the 14 clinical
studies in which DHASCO and ARASCO were used as the DHA and ARA sources for
supplementation (see Appendix 2). In those trials, the DHA and ARA dose levels ranged
from 0.24 % to 0.76 % of total formula fat for DHA and 0.24 % to 1.1 % of total formula
fat for ARA in preterm formulas. In full term infant formula trials, dose levels ranged
from 0.20 % to 0.36 % of total formula fat for DHA, and from 0.20 % to 0.72 % of total
formula fat for ARA. These values clearly fall well within the normal range of mother’s
milk (Figure 2.1-1) and the Expert recommendations (Table 3-1).

In the past five years, commercial infant formulas containing supplemental DHA
and ARA have been introduced around the world. Of particular interest to this Panel were
the formulas containing DHASCO and ARASCO as the forms of supplementation (Table
3-2). The Panel also noted that the LBW formula produced by Wyeth/Ayerst is provided
to low birth weight infants under strict doctor’s supervision. The manufacturer estimates
that over 100,000 infants have been given these formulas under doctor’s guidance. In
fact, DHASCO/ARASCO-supplemented formulas are used more extensively around the
world than formulas supplemented with any other source of DHA and ARA. The DHA
levels in current commercial use for those formulas are 0.30% to 0.40% of formula fat for
preterm formulas and from 0.25% to 0.40% of formula fat for term formulas. The ARA
levels in current commercial use for those formulas are 0.45% to 0.60% of formula fat for
preterm formulas and from 0.45% to 0.50% of formula fat for term formulas.

Table 3-2. Commercial infant formulas containing DHASCO and ARASCO

Counmtny Compamy Product Nume Term  Preterm
Argentina Wyeth SMA LBW X
Australia Wyeth SMA LBW X
SMA Gold X
Numico Nenatal X
KariCare First® X
Bahrain Wyeth SMA LBW X
Bolivia Wyeth SMA LBW X
Belgium Numico Nenatal X
Premilon X
Chile Wyeth SMA LBW X
China (P.R.C.) Wryeth SMA LBW X
Colombia Wyeth SMA LBW X
Cyprus Wyeth SMALBW X
Dominica Wyeth SMA LBW X
Ecuador Wyeth SMA LBW X
Egypt Wyeth SMA LBW X

® KariCare First contains fish oil and ARASCO oil.
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Since there have been no literature reports on the effects of consumption of such
4-methyl sterols directly, a feeding study was undertaken using a high concentration of the
nonsaponifiable fraction of C. cohnii in rats. This study compared the effects of
consuming a high concentration of the nonsaponifiable fraction from DHASCO with the
nonsaponifiable fraction of soybean oil, which contains predominantly sitosterol (151).
Although sitosterol is known to inhibit the re-uptake of cholesterol from the gut, the
nonsaponifiable fraction of DHASCO did not show a similar effect. Furthermore, when a
very large portion (0.5% by weight) of the diet of rats was comprised of this
nonsaponifiable fraction, there was no adverse effect on growth, general physiology, or
the gross organ morphology in the recipient animals. The study concluded that there were

“no toxicological effects on the rats of consuming up to 0.5% of their diet in the
DHASCO nonsaponifiables”. This dose would be equivalent to giving the rat a diet
containing about 50% by weight pure DHASCO.

7.5 TOXICOLOGICAL STUDIES (NON-HUMAN). A large number of safety
tests have been conducted on ARASCO and DHASCO oils by several different
organizations. As a result, there is a large degree of redundancy in the standard
toxicological assessments. This redundancy allows for an unprecedented and extremely
valuable assessment of these oils. The studies include in vitro genotoxicity assays and a
variety of animals studies, such as acute, subchronic, developmental and multigenerational
reproductive studies. Since these components represent macronutrients, all studies
included appropriate positive as well as negative controls. All studies reported herein
were conducted in Good Laboratory Practice (GLP)-compliant laboratories following
guidelines outlined by the FDA in Toxicological Principles for the Safety Assessment of
Direct Food Additives and Color Additives Used in Foods, commonly referred to as
Redbook I, or from their draft Redbook II. The audited summaries from each toxicology
study appear in Appendix 4. Only the significant findings will be presented here. These
data have also been reported in a number of publications and summarized by Kyle and
Arterburn (154).

At the outset, it is important to recognize that DHASCO and ARASCO are
macronutrients, not micronutrients, vitamins, or drugs. Safety testing of macronutrients
poses several problems (26). For example, it is often difficult to distinguish whether an
observed response is related to a toxicological effect of the test material, or due to a
dietary deficiency of some other component caused by the use of such large amounts of
the test macronutrient in the diet. Clearly, one cannot achieve safety margins of greater
than 50-fold for a macronutrient that comprises more than 2% of the diet. Finally, when a
macronutrient test material is added to the diet at a very high dose, one must carefully
distinguish a truly toxicological response due to the test material from a normal
physiological response resulting from the high dietary load of that particular
macronutrient. For example, is the elevation of serum cholesterol in a human who
changes their diet from one containing 25% of dietary calories as fat to one with 45% of
dietary calories as fat a toxicological response to the particular fat used, or a normal
physiological response to increasing total dietary fat? With this caveat, the toxicological
studies completed on DHASCO and ARASCO are summarized below.
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7.5.1. ACUTE TOXICITY STUDIES. Several studies have shown that at
acute oral doses of 20 grams of DHASCO or ARASCO/kg body wt in rats, there were no
deaths (Table 7.5.1). Soft stools were typically noted in the first day, but all animals
gained weight during the two-week post-dosing period. Soft stools are a normal and
expected consequence of a large, single dose of any fatty substance, and it was not
considered to be an adverse event. Since no animals died, acute oral LD50 values could
not be determined, but based on the lack of toxicity in the tests, they were greater than 20
g/kg body wt/day for each oil.

Table 7.5.1. Acute toxicity studies with DHASCO and ARASCO in Rats.

Test Material Sponsor’ Dose Mortality LD350 Reference
Study Date 7 kg bw) {male feinale)

DHASCO Martek 20 0/5 0/5 >20 g'kg bw X))
DHASCO Martek 20 o5 05 >20 glkg bw (100)
C. cohnii algal biomass Martek 7 o/s o5 >7 g/kg bw (103)
C. cohnii biomass Martek 7 /5 0/5 >7 g/kg bw (104)
Delipidated C. cohnii Martek 10 0/5 0/5 >10 g’kg bw (101)

biomass : ‘
Delipidated algal biomass Martek 6 0/5 05 >6 grkg bw (105)
ARASCO Martek 20 o/5s  0/5 >20 g/kg bw 0¥))
ARASCO Martek 20 o5 05 >20 gkg bw (102)
ARASCO Gist-brocades 18.2 o5 0/5 >18.2 grkg bw (7
Fungal biomass Martek 5 0/s  0/S >5 gkg bw 99
Delipidated fungal biomass  Martek 4 0/s 0/ >4 gfkg bw (106)
Microencapsulated Martek 5 0/5 0/5 >5 g/kg bw (1on

ARASCO/DHASCO

blend

7.5.2 SUB-CHRONIC (28-63 DAY) TOXICITY STUDIES. In several
independent studies, DHASCO or ARASCO was administered by gavage, or as a dietary
admixture, daily for 28 or 63 days using doses of 0.025 to 9.4 grams of test material /kg
body wt/day (Table 7.5.2). The No Adverse Effect Levels (NOAEL) were the highest
doses tested for each individual oil during the specific study (up to 2.5 g oil’kg body
wt/day for ARASCO and 1.25 g/kg bw/day for DHASCO) and for the combined oils (up
to 9 g/kg body wt/day). At the highest dose levels there were some recurrent findings (see
section 7.5.9), but these were not considered to be adverse effects of the test material
because they were not accompanied by changes in histology or clinical chemistry. Rather,
they were considered normal physiological responses to high doses of polyunsaturated
fatty acids and to the use of artificial diets in some cases.
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Table 7.5.2. Sub-chronic (28 to 63 day) oral safety studies with DHASCO and ARASCO
in Rats.

Highos Dose

Test Material S[h!ll.\'()f (g'/‘:: . It‘;’Jay) Details Conclusions Rt’ﬁﬂ.‘ﬂ(‘t’
ARASCO/DHASCO Wyeth Ayerst 1.2 63 days in the diet;  Not toxic (88)
1.5:1 blend 10 rats/sex/dose
DHASCO Martek 1.25 28 days by gavage;  No toxic 27
5-10 rats/sex/dose :
ARASCO Martek 25 28 days by gavage;  Not toxic @nN
5-10 rats/sex/dose
ARASCO Gist-brocades 3.0 28 days by gavage;  Not toxic (17
. 10 rats/sex/dose
ARASCO/DHASCO  Martek 3.7 28 days by gavage;  Not toxic 27N
2:1 blend 5-10 rats/sex/dose
ARASCO/DHASCO Mead 9.1/9.4 28 days in the diet;  Not toxic (247)
2:1 blend Johnson 10 rats/sex/dose
Algal biomass Martek 5 28 days in diet, Not toxic (249)
5-10 rats/sex/dose '

7.5.3 SUB-CHRONIC (90-DAY) STUDIES. DHASCO and ARASCO
were administered by gavage or as a dietary admixture for 90 days at doses up to 8.9
grams of test material’kg body wt/day with 20 rats per sex per dosing group. The No
Adverse Effect Levels as determined following a critical evaluation of the data by the
study site toxicologists, were the highest doses tested for each material in all studies (up to
2.5 grams of ARASCO and 1.25 grams DHASCO per kg bw per day and up to 8.9 g/kg
body wt/day for combined oils) except for the Gist-brocades study (see Table 7.5.3) (8,
36, 150). ANOAEL of 8.9 gm/kg/day (about 6 grams ARASCO and 3 grams of
DHASCO) represents at least a 60-fold excess of this macronutrient from the intended use
level of ARASCO, and a 50-fold excess from the intended use level of DHASCO. At'the
highest dose levels, there were some findings (see section 7.5.9) that were not considered
to be adverse test material because they were not accompanied by changes in histology or
clinical chemistry. Rather, they were considered normal physiological responses to high
doses of polyunsaturated fatty acids and to the use of artificial diets in some cases. Some
of these studies also involved detailed assessments of neurotoxicity (8, 143) as outlined by
the FDA Redbook II Guidelines, and other studies also involved an in utero
sypplementation phase (36).

7.5.4. CHRONIC TOXICITY/CARCINOGENICITY STUDIES. Based
on in vitro toxicological information (see Section 7.5.6) and knowledge of the
macronutrient nature of the test material, it was determined that chronic
toxicity/carcinogenicity studies were not necessary for this nutrient.
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Table 7.5.3. Sub-chroanic 90-day toxicity studies with DHASCO and ARASCO in
Rats.

Test Material Sponsor Highest Dose  Details Findings Reference
(kg bwd)
DHASCO Martek 1.25 gavage, full neurotox Not toxic )
assessment
DHASCO/ARASCO  Numico 2.0 in diet Not toxic (113)
blend
ARASCO Martek 2.5 gavage, full neurotox Not toxic (150)
assessment )
DHASCO/ARASCO  Wyeth Ayerst 2.5 in diet Not toxic (88)
L.5:1 blend
ARASCO Gist-brocades 4.9 in diet, in utero phase, Not toxic (157)
full neurotox assessment
DHASCO/ARASCO Mead 8.9 in diet, in utero phase, Not toxic (36)
2:1 blend Johnson full neurotox assessment
Algal biomass Martek 5.8 in diet, full neurotox Not toxic (225)
assessment

7.5.5 REPRODUCTIVE/DEVELOPMENTAL TOXICOLOGY
STUDIES. Developmental toxicology studies were conducted with DHASCO and
ARASCO administered by gavage (Table 7.5.5). There were no adverse developmental
effects at the doses tested as determined by the independent study site toxicologists.

Table 7.5.5. Developmental and reproductive toxicity studies with DHASCO and ARASCO
in Rats.

Test Material  Study Type Spomser Highest Dose  Details Findings Reference
2k hw/d)

DHASCO Developmental  Martek 1.25 gavage Not toxic )
25/sex/dose
ARASCO Developmental =~ Martek 2.5 gavage Not toxic M
25/sex/dose
Algal biomass Developmental  Martek 4.3 in diet Not toxic (242)
. 20/sex/dose
Algal biomass  Reproductive Martek 8 in diet Not toxic (241)
) 20/sex/dose

7.5.6 GENOTOXICITY STUDIES - [N VITRO. The test materials were
determined to be neither mutagenic, clastogenic, nor genotoxic through a number of
standard in vitro mutagenicity tests (Table 7.5.6) when tested with and without in vitro
metabolic activation using rat liver microsomal S9 fractions.
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The above biochemical evidence explains why eliminating DHA and ARA from the
diet of infants, particularly preterm infants, may put them at higher risk for oxidation
dependent pathologies such as NEC, BPD and ROP. This has been recently confirmed in
an animal model for NEC by Caplan et al. (38). Those authors demonstrated that the
incidence of NEC was significantly lower in rats fed formulas containing DHA and ARA
(using the DHASCO and ARASCO as sources) than in rats fed formulas containing no
DHA or ARA. This has also been confirmed in human infants by Carlson and colleagues
(42) using egg yolk as a source of DHA and ARA. In her controlled clinical study,
infants who received standard preterm infant formula had an incidence of NEC of 18%,
whereas the incidence was reduced to only 3% if the babies were given a formula that was
supplemented with DHA and ARA. About 4,000 babies die each year in the United States
as a result of NEC (35). Extrapolating Carlson’s data to all U.S. babies, the inclusion of
DHA and ARA into the formulas could substantially reduce the morbidity and mortality
associated with this disease.

We conclude, therefore, that if DHASCO and ARASCO are provided to infants at
the GRAS levels (i.e., DHA and ARA up to 1.0% of total milk fat lipids), no oxidative
injury would be expected. In fact, based on laboratory and clinical evidence, it is quite
likely that the addition of DHA and ARA to formulas at these levels (similar to breast
milk) may well reduce the incidence of oxidative damage in predisposed infants because of
the stimulation of intracellular antioxidants such as SOD.

8. PRECLINICAL STUDIES.

There have been a number of reports involving the supplementation of the diets of
various mammalian species including mice, rats, pigs, cats, dogs, monkeys and baboons
with DHASCO and/or ARASCO. We are also aware of ongoing or unpublished studies
with hamsters, cows, borses, and chickens. Some of these studies are tabulated and
summarized in Appendix 1. Dosages used ranged from levels normally expected to be
used as a dietary supplement, to doses wherein the total fat intake of the animal was
comprised solely of DHASCO or ARASCO. None of these studies were designed as
toxicology studies such as those described in Section 7, but rather, each of the
investigators studied the effects of enriching tissue levels of DHA and/or ARA ona
particular physiological response in a selected animal model. DHASCO and/or ARASCO
are now commonly used as the dietary source of DHA and/or ARA by researchers
because they are the most concentrated and purest sources available for use in such
studies. These studies, in total, represent a very large experience base of dietary treatment
of many different mammalian species with DHASCO and ARASCO, and there have been
no suggestions from these reports of any toxicological or safety issues with these oils.
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CLINICAL STUDIES WITH INFANTS
USING DHASCO AND/OR ARASCO *

JAuthur Principal Investizator:

Locasion

Ref

(14 trials/1,478 babies)

Daurasion

Subjects

)

Owrcome

Pre-Term [nfants

Carnielli, et al (1994) (abs),
Carnielll, et al (1996) (abs.);
Europe (Numico)

Carnielll, et al (1998); Sophia
Children’s Hospital, Roverdam,
The Netheriands (Numico)

Clandinin et al (1997);
Children’s Health Center,
Edmorton, Alberta, Canada
(Wyeth)

Damll, et al (1996) (abs);
Europe (Humana)

Foreman-van Drongelen et al
(1996);
The Netherlands (Numico)

Gross et al (1997) (abs.),
Vanderhoof et al. (1997) (abs.);
Vanderhoof et al (1999)
Multl-center rial-USA &
Canada (Wyeth)

N —

1) CF, 2) SF with 0.75 ARA (ot given)
from ARASCO +0.6% DHA

from DHASCO, 3) human

milk (HM)

1) CF, 2) SF with 0.24% upto 5
DHA +0.35 ARA from PL, weeks of
3) SF with 0.84% ARA from age
ARASCO + 0.64% DHA,

from DHASCO, 4) HM

1) CF, 2) Low SF with
032% ARA from ARASCO
+0.24% DHA from
DHASCO, 3) Medium SF
with 0.49% ARA from
ARASCO + 0.35% DHA
from DHASCO, 4) High SF
with 1.1% ARA from
ARASCO +0.76 DHA from
DHASCO, 5) HM

1) CF, 2) SF with 0.3% ARA 3 months
from ARASCO + 0.2% DHA

from DHASCO, 3) HM

1) CF, 2) SF with 0.61% approx. 22
ARA from ARASCO +0.3% weeks
DHA from DHASCO, 3) HM

4-6 weeks

1) CF, 2) SF with 0.6% ARA from full

from ARASCO +0.4% DHA GI feeds to

from DHASCO, 3) HM 40 weeks
post
conceptual
age

=60

=91

=57

=43

=191

Plasma PL of SF group similar to
HM group; no SD between groups in
growth; visual acuity and
aeurodevelopment outcomes peuding.

triglyceride form of DHA and ARA
{ARASCO+DHASCOQ) absorbed as
efficiently as DHA and ARA io HM.

Dose ranging trial established that
plasma PL of Low SF and Medium
SF groups similar to HM group,
while plasma PL of High SF group
higher than HM group; no difference
in growth or clinical parameters
berween formula groups.

No difference in visual acuity;
significandy higher Bayley Mental
Development in SF group.

Plasma PL and RBC of SF group
higher than CF group; no difference
between groups in growth or clinical
events.

No difference in growth, serum
chemistries or GI symptoms between
formula groups; Plasma PL of SF
group similar to HM group.

2 Abbreviations used in this table: CF, control formula; HM, human milk; MDI, mental development.
index; PL - phospholipid; RBC, red biood cell; SF, supplemented formula; VEP -visual evoked potential.
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Luthor-Principal Investizator:

Location

Ref

Durutiosg
Larditnm

Appendix-2, Page 2

Ourcome

Hansen, et al (1997) (abs.), 10
Diersen-Schade, et al (1998); 1
Multi-center trial-North America

(Mead Johnson)

Koletzko (ongoing);
Multi-center trial-Europe
(Humana)

Monsolls et al, 1997 (abs.); 12
Spain (Novartis)

Foll Term [afants

Blrch, et al (1998) 13
Retina Foundation of the

Southwest, Dallas, TX (Mead

Johnson)

Carlson, et al. (1999; abstracy) 14
Multh-center trial-USA &
Canada (Mead Johnson)

1) CF,2) DHA SF with approx. 28
0.34% DHA from DHASCO, d

3) DHAVARA SF with 0.6%

ARA from ARASCO +

0.33% DHA from DHASCO,

4) HM

1) CF, 2) SF with fish oil +
borage oil, 3) SF with fish oil
+ ¢gg phospholipid, 4) SF
with DHASCO/ ARASCO
1:1, 5) SF with DHASCO/
ARASCO 1:2, 6) HM

284

1) conwol formula (CF); 2)
supplemented formula (SF)
with ARASCO:DHASCO
21

8 weeks

1) CF; 2) SF with 0.35%
DHA; 3) SF with 0.35%
DHA + 0.72% ARA; 4) HM

4 months

1) CF, 2) SF with 0.3% DHA (not stated) 0=322

from fish ol + 0.6% ARA
from ARASCO:; 3) SF with
03% DHA ffom DHASCO +
0.6% ARA from ARASCO

=108

ARA and/or DHA SF is safe as
measured by growth and absence of
adverse eveats; growth in the
DHA/ARA SF group was better than
the CF group; no difference in visual
acuity between groups.

Ongoing. Evaluating cndogenous
synthesis of LCPUF As and
cholesterol and physiological
responses to different LCPUF A doses
and sources.

No differences between groups
growth or tolerance of formula;
plasma RBC of SF group maintained
while CF group declined.

All groups had similar growth rates
and tolerated all diets wetl. DHA or
DHA + ARA SF groups had better
sweep VEP acuity at 6, 17, and 52
weeks of age. DHA SF groups had
better visual acuity, equivalent to
*one line on an eye chart”. Blood
lipids and visual acuity of SF. groups
similar to those of HM group. Blood
lipids and visual acuity of CF group
significandy fower than all groups..
Recent analysis (unpublished)
indicates a 6 1Q point advantage in
DHA/ARA SF group by Bayley MDI
at 18 moaths of age.

ARA and DHA SF had no adverse
effects on growth or development.
Infants fed DHA/ARA SF gained
weight more rapidly and weighed
more than the CF group through 12
months of age. Bayley Scales of
Mental and Psychomotor
Development scores were highest in
the DHASCO/ARASCO SF group at
12 months, but did not reach
statistical significance. No
differences in visual acuity.
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Linhor Principal lnwetizator: Ref Dose Duration i Outcome
Locarion
Gibson.et al. (1997a; abstracy) 15 1) CF; 2) SF1 (0.2% 6 weeks =113 The formuias containing ARASCO
Flinders Medical Center, ARA/0.2% DHA); 3) SF2 and DHASCO (SF2 & 3) resulted 1n
Australia (Wyeth Nutridonals) (0.32% ARA/0.2% DHA); 4) plasma ARA and DHA levels sumlar
SF3(0.4% ARA/0 25% to those in the HM group, while
DHAY; 5} HM supporting normal growth during the
first 6 weeks of life.
Gibson. etal (19975; abstracy) 6 1) CF; 2) SF with 0.3% 16 weeks =67 RBC PL DHA levels in the SF groups
Flinders Medical Center, DHA; 3) SF with 0.3% DHA exceeded the published range in
Australia +0.3% ARA breast-fed infants. When ARA was
absent from the formula, RBC ARA

levels were below values seen in CF
infants. The VEP acuity scores were
not significantly different between
dietary groups, and ail were within
the normal expected values. There

were 00 growth differences between
any of the groups
Weizman (unpublished) 1) SF (0.45% DHA+ 0.45% 3 months n=20 A presentation at the Annual Mecting
Saroka Medical Center, Israel ARA 0of 3.6% fat); 2) CF of the Israeli Pediatric Society
(Maabarot Products) {Materna Plus Meshuperet) concluded thar locally produced SF is
safe and clinically efficient. No
differences were observed in

developmental assessments at 3
months. No effects on growth.
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Appendix 2 - References for Term and Preterm Infant Studies with DHASCO
and/or ARASCO

1.

Carnielli, Virgilio P., Fabio Pederzini, Ingrid H.T. Luijenkijk, Wendy E.M. Bomars,
Anneke Boerlage, Herman J. Degenhart, Dino Pedrotti, and Pieter J.J. Sauer (1994)
Long chain polyunsaturated fatty acid (LCP) in low birth weight formula at levels
found in human colostrum. Pediatric Research 35(5): p. 309A.

Carnielli, Virgilio P., Nynke Weisglas-Kuperus, Fabio Pederzini, Ingrid H.T.
Luijendijk, Anneke A. Boerlage, Dino Pedrotti, and Pieter J.J. Sauer (1996) Long-
chain polyunsaturated fatty acids (LCPUFA) in preterm formula at levels found in
human colostrum. AOCS PUFA in Infant Nutrition Meeting, Barcelona, Spain.

Carnielli, Virgilio P., Giovanna Verlato, Fabio Pederzini, Ingrid Luijendijk, Anneke
Boerlage, Dino Pedrotti, and Pieter J.J. Sauer (1998) Intestinal absorption of long-
chain polyunsaturated fatty acids in preterm infants fed breast milkk or formula.
American Journal of Clinical Nutrition 67. 97-103.

Clandinin T.M., J.E. Van Aerde, A. Parrott, C.J. Field, A.R. Euler, and E.L. Lien
(1997) Assessment of the efficacious dose of arachidonic and docosahexaenoic acids
in preterm infant formulas: fatty acid composition of erythrocyte membrane lipids.
Pediatric Research 42: 819-825.

Damli, Aynur, Ursula von Schenck, Uta Cﬁumm and Berthold Koletzko (1996) Effects
of long-chain polyunsaturated fatty acids (LCPUFA) on early visual acuity and mental
development of preterm infants. AOCS PUFA in Infant Nutrition Meeting, Barcelona,

Spain. :

Foreman-van Drongelen, Magritha M.H.P., Adriana C. v. Houwelingen, Amold D.M.
Kester, Carlos E. Blanco, Tom H.M. Hasaart, and Gerard Hornstra (1996) Influence
of feeding artificial formulas containing docosahexaenoic and arachidonic acids on the
postnatal long-chain polyunsaturated fatty acid status of healthy preterm infants.
British Journal of Nutrition. 76: 649-667.

- Gross S., J. Vanderhoof, T. Hegyi, T. Clandinin, P. Porcelli, J. DeCristofaro, T.

Rhodes, R. Tsang, K. Shattuck, R. Cowett, K. Adamkin, C. McCarton, W. Heird, B.
Hook, G. Pereira, K. Pramuk, and A. Euler (1997) A new arachidonic acid (ARA)
and docosahexaenoic acid (DHA) supplemented preterm formula: effect on plasma
and erythrocyte phospholipid fatty acids. Pediatric Research 41(4): 232A.

Vanderhoof J., S. Gross, T. Hegyi, T. Clandinin, P. Porcelli, J. DeCristofaro, T.
Rhodes, R. Tsang, K. Shattuck, R. Cowett, K. Adamkin, C. McCarton; W. Heird, B.
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1634
Lower tbz Neonatat Weight, Higher the Plasma Coenzyme Q10 (CoQ10) Levels: Which [s the

i Alberto M_Bargossy. Gabriele Grossi, Fabnzio Sandn. Gian P Salvioli.
{nsuwte o1 Neonatology. LUmversuy of Boiogna. ftaly, Central Laboratory. Sant'Orsois Hospatal,
Bologna. faly iSpon by: Giuscppe Buonocorey
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1637

Lactate Dehydrogenase and Isoenzymes Activity in Colostrum, Transitional Milk and Serum from
Mothers Delivering Term Infants Apprepriate or Small for Gestational Age

Valdemse M L T Calil. Orlando C O Barretto. Kimiyo Nonovama, Clea R Leone. Department of
Pediatnics, Department of Hematology. University of Sao Paulo. Department ot Hematology, Adolfo
Lutz [nsutute. Sm Paulo. SP. Brazil (Spon by: Waldemar A. Cario)

Introduction: CoQl0 15 an important antioxidam molecule. Scanty data are about

levels und needs. We have measured maternal and neonatal plasma CoQI0 values at the tme of birth
and studied their possible correlation with different pennatal variables,

Patients and methods: plasma CoQI0 levels were determined 1n 60 cord blood samples from healthy
newboms { Apgar score 1*-5" > 6. no malformanons) of gestananal ages ranging from 32 to 42 weeks, 12

Introd H concermng the p af mulk produced by hers delivenng
newbom infants smail tor g | age have di d 1ts cnpamy of adaptation to thexr elevated
encrgy and growth requirements.The few reported studies about lactate dehydrogenase (LDH) and s
1soenzymes (LD-1 to LD-5) activity in human muik have assessed a smail number of patients. yielded
<(:\onu-uvcrsm] resulls and have not included mothers from newbom infants small for gestationat age,

bom by cesarean section and 38 by vaginal delivery. Paired matemal peripheral biood samples were

the enzymatic profile of humnn mllk and maternal serum with respect 10

drawn at the same time. An HPLC-ED method was used to determne total CoQI0 concentration.
Statisticad package SPSS v, 4.2 was used for sutisteal analysis.
Initially, corrclation berween cord blood and maternal CoQ10 ievels was tested. Regression analysis was
then andentaken using ith weight, gestationai age. sex and type of delivery as independent variables
.lg:nnsl cord blood CoQ10 (CBCDQIO) Tevels,
Results: there was a si | and cord biood levels of CoQI0
brth

vanations n the nuvxtv of LDH and us the p of enzyme
secretion by the mammary gland and its adcquncy to the newbom metabolic mquxr:mems as well as the
effects of the clevated requirements of small tor gest:monal age wtants on the mllk enzyme content.
Methods: Forty-three | hers were g W0 p lished critera and divided
mto 2 groups: Group 1. 22 lactating mothers dehvenng term mtams appropnate for gestational age.
Group 2 21 lactating mothers dchvcnng term infants small for gestational age. The author personaity

les of colastrum b 24 and 72 hours post-partum. of transional milk at the 7 day

{r=0.46. p<0.051. Mulapte r:gvﬂsxon malvsns showed a significant neg.-mve correiation b
weight and CBCoQI0 tevels. The other i dent vanables fted not comrelated with CBCoQI0.
Discussion: prescnt data suggest 3 ! i g of CoQI0. M . CBCoQ10 levels show

a tend toward higher levets i lower berth weight newboms We hypothesize that higher levels of
CBCuQ!O m lower hutweight newboms could reﬂect fower nssutal unlizaton s also reported i
hypothyroxinemic adults, Indeed. p atre h d to term babres. At
present. in arder 1o test this hvpothcsus we are conductmg 3 studv on tissutal CleO levels with the mm
to evaluate their possible correlation with plasma levels.

1633 Poster Session I, Suturday, 5/1 (poster 122)
Effects of Hypmia oo Tyrosine Phosphorylatica Pyruvate Kinase and Aconitate on Synaptosomes
of Newborn Guinea Pigs
Gui; Bugnocore. Sabrina Liberotor, Luca Bini. Om P Mishea, Rodolfo Bracei, Vitaliano Patlini,
% of Vlolecular ﬁtotogy Tnst. of Prev. m and ? conar.ology. University of Siena, (TA.
of P and Hah t and St. Chr r's Hospual for Ciuldren,
P!uhdc!wna. PA ¢Span bv Vlma Debvocm-Papmpoulos)
Previous studies have shown that cerebral ghveolytic enzyn The
pxescm study tests the hypo!hesxs that tissue hypovia results in mutased hosphorylmon of pytuvate
key enzy ot the tricarboxylic acid pathway in cerebral cortex of
pigs. Studies were conducted on six newbom guinea p:gs divided into ic {n=3)

iated fooll

and of matemal blood soon after mulk extraction. Thls matenial was used for determination of the
activiies of total LDH and of its i was by chi-square, Student's t and
paired ¢ tests, two-way anaivsts of vartance and Pearson's correlation method. Sigmficance was set at
0.05. with an allowed beta efror of 0.2. Results: The results showed a marked increase n the actvaty of
LOH in colostrum, when compared vath transitional melk {p<0.01); the concentrations of total LDH and
uts 1s0enzymes 1n milk were hgher than those detected tn matemal serum at the 2™ / 3% and 7 days
post-partum. The muik 1soenzyme profile showed predorminance of LD-5 i colostrum, of LD-1 in
mnsitonal mifk and or LD-2 and LD-3 1n the mother's serum.There was no correlation between the
acuvites of LDH and its 1soenzymes 1n milk and serum. The differences b LDH and
acuvities from groups 1 and 2 were not sigmificant. Concfusion: The results suggest that LDH :md us
are d by the v gland and may be d to the
requirements dunng petmaml adaptauon. with an imibal p of an pattern and
b partern. These enzym;mc activities tn milk. however. do not seem
d by (h: 1 dr of small for gestational age infants.

e
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1638 Neonatal Nutnnon and Metabolism Il Poster Symposium, Monday, 5/3
Higher Protein Intake Improves Growth of VLBW Infants Fed Fortified Breast Milk

Susan J Carlson. Karen f Johnson, Gretchen A Cress. Natalie W Connolly, Ekhard E Ziegier. Dept. of
Pediames. Umversity of fowa. fowa City. lA

The protemn intakes of VLBW infants are tvpically lower than requirements. particularly when breast
mifk with nutment forufier 1s fed. We hvpothesized that increasing the protein content of feedings
{fortified breast milk. premarure formulal for VLBW infants improves growth. In this double-bhind
study. 66 infants with birth weight < 1250g were randomly assigned to receive protein {Elementra) or
tactose in the amount of 0.8 g/dl as supplements to thewr regular feedi was
otn:rmsc by parents' choice (breast vs formula) and under the )unsdncuon of the medical team. Study
were started when enteral feeds reached 50 milkg/d and ended when the infant was

uewbcngmnc:
:.ndhypoas:(n:&')gxmps.ﬂvpomm duced by g the oxygenfmm‘l%(o?%for
d y by g tssuc levels of ATP and

60 mm. Brain dssue hyp bioch 1§

P2 e frace were p d and gioha.l protein expression was analyzed by
§ ek P is using the |mob1hne-polyncryizmtdc system (2-D-PAGE). The
fecrric focusing (first di ion} was carmed out on non-linear wide-range immobilized pH
gmﬁents(pﬂ 3-10}. The second dimension was carried out on 9-16% polyacrylamide lincar gradient
yhmwuﬂgdmmmcmmm lOlemedvcﬁmmhedthcbommofm:gd Gels were
stained with ammoniacal silver mitrate. After 2-D-PAGE. gels were
m:mbmnenndsumedmO-%wlvPomeanSmS’owfvmchlommdforB mm lmmunoblo(

and h

P
i

amalysis was performed using mouse to phosp

P goat e 1gGs with chemilumi Proten dentification

was achieved by ided g with a 2-D reference map of human brain proteins, using the
rodent

Mdmmﬂmﬁwmmd:bamof(hthnwnhghdeyreofmlogymnhummlmd
brin p in K 49 ylu\w spots {out of total 130) were

jisch or reached a weight of 2000 g. Blood for urea mitrogen, albumun and biood gases was
obtamned weekly and later biweekly. Forty-six infants completed the study. Growth was cvaluzm:d from
the day feeds reached 90 kcal/kg/d to the end of the study. Results were as follows (means (SD)):

Fortif, breast milk Formula
Lactose Protein Lactose Protein
(n=13) (n=td) (n=9 (n=11)
Cal. int.(keal/kg/d) 120.7 (6.9 113.7 (7 6)* £17.0 (5.3) 14.4(36)
Weight gain (g/d) 2759 26.7 (2.9)* 285 (5.3) 29.4 (5.1
(gkg/d) 149 (3.2) 173 (1.9 184 (1.9 19.1 2.)
(g/100 keal) 1303.3) 16.0 (1.9)* 164 ¢23) 16.9 (1.8)

* sigmificantly different from lactose group.
It 13 evident that among nfants fed forufied breast mulk, protein supplementation led to significantly
weight gain despric signtficantly lower energy intake. There was a trend toward shorter hosprtal
stay by - 4 days. Among formula-fed infants protein 1 ion had no signifi effect on
growth. In netther group d:d peotern have adverse effects. "Serum urea mtrogen was higher 1n infants
but al

Mumwcdwwdvmlnmnmmsynzplmms.?ynm was phosphorylated only
in the Iy The p ,umm.ofpymvatekxnnscwnsahscmmmwxn.
Amnmhyamse phosptmylmcdmthehypom ynap d to

tuds thal ing hyp phosphnrylauon of pymvatc kinase and
i guiai of these enzyme acuvities. We specuiate that
the increased a:nvmcs nt these key enzymes of the ' tricarboxylic acid pathway during hypoxia will result
in d of the rboxylic acid pathway leading to of
reducing equivalents.

(Funded by NIH 20337)

Y

1636 Human Milk Poster Symposium. Sunday. 3/2
Enteral Absarption of R bi Human G locyte Colony-Sti
in G-CSF-Receptor Deficient {+/~) and Wild-Type (WT) Mice
Darlene A Calhoun. Mathilde Lunoe. Yan Du. Robert D Christensen, Pediatrics/N logy, U y
ot da College of Medicine, Ganeswille, FL
G-CSFisa lincage specific hematopoictic cytokine known to simulate neutrophil proliferation and
differentiation, [t is present in tuman milk and that its receptor (G-CSF-R) ts present 10 human fetal
intestine. However. it 15 noxt ctear if enterally admanistered chG-CSF 1s absorbed and if so, whether the
G-CSF-Rtsumgnlmmsspwcess\\ehvpomesx zed that hG-CSF would be absorbed when
.uﬁmmmd enterally to normat (WT) muce and that in G-CSF-R(+-) mice absorption would be
enificantly reduced or absent. WT and G-CSF-R(~/-) pups (toral n=17) recerved 1000 pg thG-CSF via
ateedmgmbe Pups were returned to their mothers to feed and pups from each liter were sacnficed at
30 min, ihe, ljlus.‘m.lmwstuSmrthedosmg Smmwnplawmcoll:cwdmdc-CSF
were d ined by ELISA. Immunostining for G-CSF-R protein m the mmxmes of
pups in=3) and their mothers (a=3) was performed using the
tetrabvdrochionde tDAB). The primary anttbody coasisted of a rabbit polycloml antsbody specific for
G-CSF-R of mouse origwn, Serum concentations of G-CSF in WT amimals which recetved 1000 pg of
hG-CSF ranged from |l~.38ngmLax 30 min and 11-193pg/mL ar | hr. G-CSF was not detected 10 the
~erum of any G-CSF-R(+-} pups at any time point examned for either dose of hG-CSF. G-CSF-R
proeen was focalized to the villus enterocytes of WT mice. No G-CSF-R protein was detectable n the
wntestine of G-CSF-R(-/-) mice. We conclude that 1) thG-CSF is ennemﬂy n WY - muce, ]
maximal absorpuon occurs between 30 min and | hr after 3) no
occurs i G-CSF-Riv-) pups, and 4) G-CSF-R protem is present in enterocytes of WT anmals and
absent in G-CSF-R(~-) mice. We speculate that the presence of the G-CSF-R is integral for the enteral
utnorption of thG-CSF.

ting Factor (rhG-CSF)

1ving the protein and acid-base status were not different. We
conclude that breast milk forufiers provide too little protein.

1639 Poster Session I1l. Monday. 5/3 {poster 67)

Growth and Development of Term [nfants Fed F ias with De hy ic Aad (DHA) from Algal Oil
or Fish Oil and Arachidoaie Acid (ARA) (rom Fangal Ol
Susan E Carison. Sumit Mehra. Wilham J Kagev, Kimberiy [ Mettcl chotnh A Dmsen—Schade Chervi L

ames W Hansen, i I3 ine. ity. M wa Clinic,

hawa, Onwano, " Lews Gale Clinic, Salem, VA. Mead Johnson Remn:h Center. Evanswlle IN
Background. In several pubhshed. randomized triais of preterm and term mifants, infants fed formuia with the n-3
Tatty u:uﬁ DHA had ugher neunl development than infants fed formula comatming the DHA

linol acid. but ao pretc d DHA. Howener. preterm infants fed DHA also expenenced lower growth o
several mals, the possxblc resuit of not including the -6 fatty acid ARA. 3 necessary factor for growth. This study
evaluated whether ARA with DHA prevented the lower growth seen with DHA alone. Methods, This multicenter.
randomized. double-masked tnal co first-vear growth of term (3941 wk PMA). AGA mfants fed formula
without DHA and ARA (Contol. C) with that ot infants fed expertmental fonmulas with DHA (0 3% of totat faty
acids) aad ARA (0.6% of tol fattv acids). One experimental formula contained fish ol DHA and fungal od ARA
(S-FE). The other contaned algal ol DHA and f\mzal ol ARA (S-AF). Effects of DHA and ARA oa visual acuity
(Telter Acunty Card proceduwre, TAC) and the Bayley Scales of Mental (MDD and Psvchovnotor
De PDNwere ed as dary aims. A¢ bascline (0.5 moh 377 infants were dmded among the
three groups with 335 of these un:mu (12 €. 115 S-FF. 110 S-AP) retuming to be studied at 2 ma, and 322
safants (107 C, 109 5-FF. 106 S-AF) returming to be studied at 4 mo. Results. S-FF and 5-AF had higher weight
gain between 0.5 mo and 2 mo (344 g/d. p=0041 and 35.2 g/d. p=0.007, respectively) than C (32.1 Jd)
Smnlarly S-FF (8.4 g/d. p=0.031)and §-AF (29.1 gid. p=0.002) gained more rapldly than C (26 7 g/ belwecn
0.5 and 3 mo. Body wetghts af S-FF and S-AF were somewhat higher (not sigmficantly) than C 2t 6.9 and 12 mo:
the means for length and head circumference were virtually sdentical n all three diet groups at all study ngcs
Visual acurty did not differ 2t any of the assessment ages (4, 6 or 12 mo). Mean [2-mo MDI and PDI scores were
S-AF > 5-FF > C, but did not reach sigmificance for an effect of diet with 93 C, 86 S-FF and 97 S-AF studied at
12 mo (p=0.31 and p=0.15, respecuvely). Summarv. [atants fed the expenmental formulas with DHA and ARA
gained weight more raprdly than the control group [ group Trom 0.5 to 3 mo of age. and werghed somewhat more than the
control group through 12 mo of age MD! and PDI scores were higher in the expenmeatal groups than the control,
but did 0ot reach statsstical signilicance as the snudv was designed to detect a 5-pt or farger ctfecl of diet. While
visual acuity was not higher X 4. 6 or 12 mo. »everal other studies have found higher acuity at 2 mo but not at
these ages  infants fed DHA Concluwion. Supplementation with DHA and ARA increased early weight gan und
may have improved first vear aeural development ot term infants. Feeding fish or algal and fungal oil sources of
DHA and ARA for the (irst sear had no advcrse etfects on growth and devetopment.
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greater weight gain d&spltc significantly lower energy intake. There was a trend toward shorter hospital
stay by ~ 4 days. Among formula-fed infants protein supplementation had no significant effect on
growth. In neither group did protein have adverse effects. Serum urea nitrogen was higher in infants
receiving the protein supplement, but albumin concentrations and acid-base status were not different. We
conclude that breast milk fortifiers provide too little protein.

1639 Poster Session 1l Monday, 5/3 (poster 67)

Growth and Development of Term Infants Fed Formulas with Docosahexaenoic Acid (DHA) from Algal Oil
or Fish Oil and Arachidonic Acid (ARA) from Fungal Oil

Susan E Carison. Sunil Mehra. William J Kagev. Kimberlv L Merkel. Deborah A Diersen-Schade. Chervi L
Hams. James W Hansen. Schools of Nursing and Medicine, Univ. of Missouri, Kansas City, MO. Oshawa Clinic,
Oshawa, Ontano. CAN. Lewis Gale Clinic, Salem. VA.-Mead Johason Research Center, Evansville, IN
Background. In several published. randomized mials of preterm and term infants, infants fed formuia with the n-3
fawy acid DHA had higher neural development than infants fed formula coamtaining the DHA precursor.
a-linolenic acid. but no preformed DHA. However. preterm infants fed DHA also experienced lower growth in
several trials. the possibie result of not including the 0-6 fatty acid ARA. a necessary factor for growth. This study
evaluated whether ARA with DHA prevented the lower growth seen with DHA alone. Methods. This multicenter.
randomized. double-masked trial compared first-vear growth of term (3941 wk PMA). AGA infants fed formula
without DHA and ARA (Control. C) with that of infants fed experimental formulas with DHA (0.3% of total farty
acids) and ARA (0.6% of total fatty acids). One experimental formula contained fish oil DHA and fungal oit ARA
(S-FE). The other contained algal oil DHA and fungal oil ARA (S-AF). Effects of DHA and ARA on visual acuity
(Teller Acuity Card procedure. TAC) and the Bayley Scales of Mental (MDI) and Psychomotor
Development(PDI)were assessed as secondary aims. At baseline (0.5 mo), 377 infants were divided among the
three groups with 335 of these infants (112 C. 113 S-FF. 110 S-AF) returning to be studied at 2 mo. and 322
infants (107 C. 109 S-FF. 106 S-AF) retuming 1o be studied at 4 mo. Results. S-FF and S-AF had higher weight -
gain between 0.5 mo and 2 mo (34.4 2/d. p=00-$l and 35.2 g/d. p=0.007, respectively) than C (32.1 ,/d)
Similady. S-FF (28.4 g/d. p=0.031)and S-AF (29.1 g/d. p=0.002) gained more rapidly than C (26.7 g/d) between
0.5 and 4 mo. Body weights of S-FF and S-AF were “somewhat higher (not significanty) than C at 6. 9 and 12 mo:
the means for length and head circumference were virtually identical in all three diet groups at all study ages.
Visual acuity did not differ at any of the assessment ages (4. 6 or 12 mo). Mean 12-mo MDI1 and PDI scores were
S-AF > S-FF > C. but did not reach significance for an effect of diet with 93 C. 86 S-FF and 97 S-AF studied at
12 mo (p=0.31 and p=0.135. respectively). Summary. Infants fed the experimentai formulas with DHA and ARA
gained weight more rapidly than the contol group trom 0.5 to 4 mo of age. and weighed somewhat more than the
control group through 12 mo of age. MD! and PDI scores were higher 1n the expenmental groups than the control.
but did not reach staustical signiticance as the study was designed to detect a 5-pt or larger effect of diet. While
visual acuity was not higher at 4. 6 or 12 mo. several other studies have found higher acuity at 2 mo but not at
these ages in infants fed DHA Conclusion. Supplementation with DHA and ARA increased early weight gain and
may have improved first vear neural development of term infants. Feeding fish or algal and fungal o1l sources of
DHA and ARA for the first vear had no adverse effects on growth and development.

Mead Johnson Research Center. Evansville, IN
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Dietary Docosahexaenoic Acid (DHA) and Visual Maturation in the Post-Weaning Term
Infant. D.R. Hoffman'?, E.E. Birch'®, Y.S. Castaneda', S.L. Fawcett', D.G. Birch'?, R. Uauy'
Retina Foundation of the Southwest, Dallas, TX'; Dept. of Pediatrics® & Dept. of
Ophthalmology.’, UT Southwestern, Dallas, TX

Purpose. Breast-fed infants receive the long-chain polyunsaturated fatty acids, DHA and
arachidonic acid (AA) until they are weaned. Since commercial formulas in the U.S. do not
contain these important components of neural membranes, we evaluated the benefits of post-
weaning dietary supplementation of DHA+AA on visual maturation in a randomized clinical
trial.

Methods. Healthy term infants (n=61) were breast-fed for 4 to 6 months then randomized to
commercial formula (CF; Enfamil® with no DHA or AA) or Enfamil® formula enriched with
DHA (0.36%) and AA (0.72%). Measurements of red blood cell (RBC) fatty acids, growth,
visual acuity (assessed by swept VEP) and stereoacuity (Infant Random Dot Stereocards) were
taken during the pre- and post-weaning period to 1 year of age.

Results. Throughout the trial, body weight, length, head circumference and skin-fold
measurements were not significantly different between study groups. Prior to weaning, there
were no differences in RBC-DHA or -AA content of study infants. However at 1 year of age,
RBC-DHA in the CF group was reduced by 52% from the weaning level (4.6% to 2.3% of total
fatty acids) while the DHA+AA enriched formula group had a 31% increase in RBC-DHA (4.5%
vs. 5.9%). RBC levels of AA also dropped 8% in the CF group in the post-weaning period
whereas the DHA+AA group maintained RBC-AA levels at 15.5%. VEP acuity was
significantly more mature in the DHA+AA group compared to the CF group (p<0.0005; 0.152
vs. 0.255 logMAR,; equivalent to one line on the eye chart). Stereoacuity was equivalent in the
two groups at 1 year. There was a significant correlation at 1 year of age such that elevated RBC-
DHA levels are associated with more mature VEP acuity (r = -0.42; p = 0.0007).

Conclusions. The need for DHA+AA in infant formula is supported by diet-induced differences
in RBC fatty acid levels, mean visual acuities and a correlation between these values at one year
of age. These data extend the critical period through the first year of life in which a dietary
supply of DHA+AA can optimize visual development in term infants.

F Support: NIH grant HD 22380
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DIETARY SINGLE CELL LONG CHAIN POLYUNSATURATED OILS AT PHYSIOLOGICAL LEVELS DO
NOT ALTER SERUM CLINICAL INDICATORS OR ORGAN WEIGHTS IN PIGLETS FED FROM BIRTH TO
ONE MONTH.

M.-C. Huang, A. Chao, R. Kirwan, C. Tschanz, J. M. Peralta', D. A. Diersen-Schade?, S. Cha, J. T. Brenna.

Division of Nutriional Sciences and 'Callege of Veterinary Medicine, Comell University, Ithaca, NY, and
ZMead-Johnson Nutriionals, 2400 West Lloyd Expressway, Evansville, Indiana, USA

Single cell qils are currently included in human infant formula as sources of the long chain polyunsaturates
(LCP) docosahexaenoic acid (DHA) and arachidonic acid (AA) in many countries, but have not yet been
approved for use in the USA. We prepared four bovine-milk-based formulas with of AA/DHA = 0, 34/17,
68/34, and 170/85 (mg per 100 kcal formula) provided by two commercial single cell oils to test in newborn
piglets. These levels correspond approximately to 0, 1, 2, and 5 times the amounts used in infant formulas.
Al other dietary fat (47% of calories) was provided by a vegetable oil blend used in commercial human
infant formulas. Domestic piglets were allowed to nurse with the sow for 24 h after parturition, then removed
to individual cages and maintained on.one of the four diets. At 30 d of age the piglets were sacrificed, and
serum collected and organs weighed. With litters treated as a blocked variable, no significant differences
among groups were found by analysis of variance for the following serum assays: alkaline phosphatase,
alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), creatinine,
albumin, glucose, cholesterol, triglycerides, and total protein. No significant differences were found for
hematocrit or body weight. No significant differences were found among groups for weights of any
measured organ, analyzed as absolute weight and as a fraction of bady weight, for liver, brain, heart, lung,
spleen, kidneys, or lung. Hematoxylin/eosin liver sections examined by light microscopy showed no
abnormalities. We conclude that single cell oils consumed at levels 5-fold greater than proposed for human
infants in the USA do not produce gross toxic effects in neonatal pigs.
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May 1, 2000

Dr. Deborah A. Diersen-Schade
Principal Research Scientist
Mead-Johnson Nutritionals
2400 West Lloyd Expressway
Evansville, IN 47721-0001

Dear Dr. Diersen-Schade:

I am writing to confirm that our abstract “Dietary single cell long chain polyunsaturated oils at °
physiological levels do not alter serum clinical indicators or organ weights 1n piglets fed from birth
to one month.”, by M.-C. Huang, C. Chao, R. Kirwan, C. Tschanz, J. M. Peralta, D. A. Diersen-
Schade, S. Cha, and J. T. Brenna, has been accepted for presentation at the 4* International
_ Conference of the International Society for the Study of Fatty Acids and Lipids (ISSFAL). The
. conference is to be held in Japan, June 1-5, 2000.

As you know, the abstract is the first report of our recent study of single cell oils as sources of long
chain polyunsaturates in neonates. The tested oils were DHASCO™ and ARASCO™,
manufactured by Martek Biosciences, Inc.

Sincerely,

J. Thomas Brenna
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Comparison of dietary soarces of loag-chain polyunsaturated fatty acids (LCPUFA) in
the nconatal piglet: Assesmment of dinical parameters.
Sasan A Mathews', Robert § Harrell', William T Oliver', Jack Odle', Deborah A Diersen-
Schade™: 'Nocth Carolina State University, Box 7621, Raleigh, NC 27695-7621, “Mead-
Johnson Nutritionals, 2400 West Lioyd Expressway, Evansville, IN 47721
Suppiementation of infam formulas with arachidonic acid (AA) and docosahexaenoic acid
", (DHA) promotes visual and neural development. The objective of this study was ¢
‘) ‘determine if the dietary source of LCPUFA would affect growth and various plasma
parameters. Piglets (om10/group) bad ad libimmm access from day ! w© 16 of age 2 skim
milk-based formula with different fat sources added to provide S0% of the coergy. Formulas
inchaded LCPUFA as follows: singie cell oil wriglyceride (TG), egg phospbolipid (EPL). TG
with phospholipid and cholesterol added to match EPL (TG+PL), and 2 control with no added
LCPUFA (CTL). Formulss with LCPUFA provided 0.6% of farty acids as AA and 0.3% as
DHA. All piglets grew at a similar rwe (32617 g/d) (P>0.2). Toual plasma cholesterol
concentrations were similar in all pigiees. No differences in alanine aminogansferase were
detected among treaments, but sspartate aminotransferase, a marker of putative celluiar
damage, was clevated (P<0.03) in EPL fod piglets compared o TG+PL fed pigle. Toal
plasma AA coacentration (expressed 23 weight % of weal lipid facry acids) was greater in the
TG fed piglets compared © the CTL piglets (P<0.05), but there were no differeaces amoag
the TG, TG+PL or EPL fed piglets (P>02). Total plasma DHA coacentrations were greater
in the TG fed pigiets compared © the EPL piglets (P<0.06) or the CTL pigiets (P<0.02), but
oo differcaces were detected between the EPL and CTL pigles (P>0.4). These daa
dnnunetadnduhaﬂfauuuofAAndDHAmqheammed&ths
supplement for infane formulss based oa the plasma farty acid profiles.
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DIETARY POLYUNSATURATED FATTY ACIDS DO NOT AFFECT FETAL
STEROL SYNTHESIS RATES.

Kars E Schasd, Laurs A Woollax: Umveruty of Cincionan, 231 Albert Saiwa Way,
Cincionani, OH 45267
m_dmmmumdwbynymmdmﬁxm
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SN-2 PALMITIC ACID IS ONLY A PARTIAL EXPLANATION FOR FAT
ABSORPTION LEVELS (N RATS FED INFANT FORMULA FAT BLENDS

Eric L. Lien, Rebecca J. Yuhas, Swzanne M. Mason, Frances G. Boyle: Wyeth Numoonals
Internanonal, P O. Box JLSZ!.PNWH:.PA 1910t
Absuwonofmulfandmn-dftyads(SFA)udMnmmemﬂyemde(TG)

mmum&.m&mm-wmd‘“ L Ch y for SFA p poon of TGs g tugh levels of palmine acd (PA)
Y ad devel ‘&MNM may be more cfficient if PA is present m the sa-2 due to J production of 3.

C quently, defects in ism lead o severe Beupolmdhmhluvemhnvdyhg\m-ZPAlevehmwbe

wmmmmwmmmfmm to have y efficoe levels.

in hepaoc

m(mmmm:&mmmmmmmmm
ratrs could impar growth and differenastion 1n the ferus. To study the umpact of masernai
dictary farty acyds on (el sserol metabolism, fernaie hamsters were fed diets ennched
aither medium chain trigiycendes (MCT od). olexc acid (obive oil). linolesc ac2d (com o), or

faty acid (bydn cocoout oil (HCO)) for 21 days. and then mated Onm
gestanoaal day L1, wr vivo stevol synthesis rates were measured i fewal ussues. Conoary
the aduk, sterol synthesis razes w the fetus and fetal nssues were not affected u dams fed com
ol 13 compared to MCT-fed dams. He sterol eates did by 0%
(p<0.05) 1n feruses of dams fed HCO. [a the yoik sac, sterol synthesis rmes were 40% and
Mbw(pﬂm)mdmfdﬂmovohveml.mvdy Despete a decresse 1n sterol

rates, n the fems and fetal tssues were omlar,
demmmmmrwm:maaumm
mrqmmmmmwmumwwwa

Y P that coarrol ch Y 1 the fetus versus che adulr.

Se5.L)
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s—AM.u--' Robert § H.mn‘ w.nmrou-a‘ fack Odle', Deborsh A Diersen-
Schade’ North Carolina Soee Umversity, Box 7621, Ralegh, NC 27695-7621. ‘Mead-
ImmmWaLbydExwmm Evansnile, IN 4772t
d son of infart formulas with idomee acid (AA) and docosahexaenoic atcd
mmwumm The objecuve of this sudy was
determine if the dictary source of LCPUPA would affect prowth and variows plasms
Piglers (o |(Vgroup) had ad libeem access from day 1 w0 16 of 2ge w0 a sam
Mt«mmmmmwumm«mq Formuiss
included LCPUFA as follows: sogle oell ail trigly (TG), cgg pb 4 (EPL), TG
mwawm»mmmuammmw
LCPUFA (CTL). Formulas with LCPUFA provided 0.6% of faty acids as AA sod 0.3% a
DHA. Al piglets grew at a simler ree (326217 gid) (P>0.2). Total plasma cholesterol
m-ueml.nanm No differcoces ia alanne msnotransfersse were
anoog bt fe 2 marker of pwsave celluier
damage, was clevaed (P<0.03) ia EPL fod piglets compared w0 TG+PL fed piglers. Toml
piszna AA cosceomation (expressed s weight % of weal iipid fary acids) was greater ia the
TG fed piglets compared w the CTL pighets (P<0.05), s thare were no differences amoag
the TG, TG+PL or EPL fod piglets (P>0.2). Towd plesras DHA concentranons wese greater
ummumwummmommmmm(rwxu
o0 differences were desscred between the EPL snd CTL piglems (P>0.4).  These daea
dewmoastrase that the single cell TG sowrcs of AA ad DHA may be a more cfficacions
supploment for infant Sormaias besed on the plesmes fary sad profiles.
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CAN DRIED ELOOD SPOT RETINOL SE USED TO ASSESS VITAMIN A STATUS?
Neal K. Craft. Lise K. Brindle, Yukang Li: Craft Tachaologies. Inc., 109 Park Ave., Wiksoa,

NC 27893

The son widely d meess of vicomia A defich (VAD) is o
md-—m Thuhudhhdqhhw-mum
be very p _ The <ol of dried dlood spots (DBS) u

qhmmh.dnﬁhhmmb“fbmd
immrchangesbility of serwas retingl with DBS retimol is describod. The obyectves were: 1) o
seram recinol ions 1 DBS retinol snd 2) w cstablish che sensitivaty and
wpecificity of DBS retimol i varioms popuiatioss. DBS samples and masching sera were
reccived from Nepal, Liberia, and Guasemals. Bodh seram retinol aad DBS retinol were
—-uum.c Dlsmd-andﬁn-\-tnmldlhmmyd
for i ing VAD was i unswmw-eu(nu
o.v)us-m-u d by HPLC., Compered t0 scrwm reanol cus-pownes, seasitiviry
U&M)ﬂM(M)mmwmmmmw
popuistions. [n the subect of samples compared from differemt populsnons. D8S reanol
correisted very weil with serum retinol  Since both scrum retinol mad DBS reasol we 3
osasmre of the sae indicwor, DBS was bighly predicive of VAD. Thas, o the cxtest s
sorvm recimol is & predicior of VA statas, DBS retinol cas be weed t sssess VA stanas,

Punding provided by The st [miciative/TDRC, Task Force Sight & Life, UNICEP.
°

Methods: M-hnumfedaft-ﬁeedﬁmmdnmﬂy Rats recerved test diets
{control-C, Beupol blend-B or butterfat blend-8F; all fat blends contained equivalent
amounts of SFA) for three days followed by fat-free diet for three days. The C fu blend was
a cyprcal infant formula blend contumng soy, high olexc safflower, coconut and palm ols.
memmmrmmmwm:ummmm
Tou! fat 2nd SFA absorpuon were measured. memdpoﬂnunldumhnmw!myand
configuraton of TGs were determened.

Results: The sn-2 PA levels n the faz blends were simlar 1n the B and BF groups (48 0%,
47 5% respecuvely) and much higher than the C group (15.2%). Surpasingly. PA excreuon
was sumular for C (12.8 = 1.2%. mean = SEM) and BF (10.4 £ 0.9%) groups and sigmficantly
hugher than the B group (3.5 £ 0.4%). Total fa excrenon followed a similar pagem. TG
structure analyss of the fat blends wndicated that the BF diet had 2 higher propornon of TGs
wnth m-SFAs than the B group.

Concls Boch jonal i and tngly are
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Nutrient intake, Compi y Fosding Practices, and Mothers’ Beliefs about Young
exico,

Guadal "‘:_ ', Raal "'wumumc“mcﬂu
H M Manan Vilk ', Helena Pachon’, Elema Hurado'. Juas Rivers':
'CwnﬂququSnngﬂ.Bll.thYllm “Instituto Nacional de Salud Publica,
Mexxco. Av. Umversidad 855, Cucravaca, Mor 62508 Mexico, "lastto Mexicano del
Seguro Socal, Av. Cushuemoc, DF, Mexico, “Emory Umvermity, 1518 Clificn Rosd,
Allaga, GA 30322

Two of the mein p ater] with k y feeding in poor. rursi, Mex:can
villages are the use of foods with low energy and mecroautnent density and e presence of
m.&umrma' degy otakes are ‘mmm

nsk, and i d ineell o To d y feoding
mmub&ﬁ.l”mmmmmmum
Mexco were studied. £ h using raped was conducted ©

feeding p and bebefs regarding h y fending amoag chakiren 0-24
mo. Qu - ethod luded 24-recall, recipe thals, mad market

b N 1Y

Nutritienal Prograsmsing of Hepatic IGF-I Gens Expression in Rat Pups

Ng Dukilis, Lino Bajonsn, Hwei-Piag Sdeng: The Universicy of Hong Koog, Pokfulam Rosd,
Hoag Kong, Hong Koag

Postaatal outritionsl environment hes bocw shows o affect plasma ievels of growth honmoes
(GH) sad inmiia-iike growth factors (IGFs), thus affecting carly growth. However, whether
sherstions of the GH-IGF-{ xis persin im0 aduithood thus leading w metabolic
shaormalites in laer lifo 13 not known.  Our objoctive is 10 investigaee the chort-eerm and
loagtorm offects of carly owstion o plasma IGF levels and hepatic IGF gens
expressions. Newborn SD rats were reared in litier sizes of 4 (Cp S), 10 (Gp M) aad 16 (Gp
L) pups to induce different raees of gowth, Pups were then weaned af age 21 d o an od
libienm seandard et chow unl age 90 & Plasma [GF-l levels sad bepatic (GF-1 mRNA
levels wero measared at 20, 60 and 90 d of age. Our data showed that mean body werghs of
pups ia Gp L lagged detend that of the ocher 2 groups & weaning and a2 60 d of age. A290d
of age, mean waght of Gp L pups was similar 1o that of Gp S and Gp M showing thet canch-
wp growth had occared Meas plasma IGF levels m Gp L (165239 apml) was
sigmficamily lower than thoes in Gp 5 (270235) M weming, and it remmaned lower. though
oot significently (L (120290 and 1169280; S: 12502125 and (331272), &t 60 sad 90 d of
age. Howsver, mesa hepatic IGR mRNA lovels were bigher in Gp L (142, 220248 md
226226) chas thoso in growp S (118267, 132233 and 17023) &t 20, 50 and 90 d rexpectrvely.
Our data suggest that outritionsl prograsmeng of IGR{ gene expresmon ocoured aod over-
wdwmmummmmmwaﬁ

b ] defocts in hepatic IGF-{ synhesiz.
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AMERICAN SOCIETY FOR BIOCHEMISTRY AND
MOLECULAR BIOLOGY

Program number 20.9 Poster $77 is now scheduled in session
687, poster board B49A

Program number 6.14 Poster S14 is now scheduled in session
439, poster board B124A

Program number 27.1 Poster RI is now scheduled in session
437, poster board B106A

Program number 6.37 Poster S37 is now scheduled in session
694, poster board B150A

Program number 27.6 Poster R6 is now scheduled in session
177, poster board B36A

The ASBMB Public Affairs Meeting scheduled to be held March
31 at 9:00 AM in the Rosen Centre has been cancelled.

Protein Phosphorylation and Molecular Recognition Satellite
Meeting - The oral presentation for M. Delhase, Program number
2.5 will now be made by J. D. Selengut, Program number 6.28.

AMERICAN SOCIETY FOR PHARMACOLOGY AND
EXPERIMENTAL THERAPEUTICS:

Session #67: Graduate Student Convocation: New Era in Academic
and Industrial Partnership in Basic and Applied Research, and
Funding the Modemn Lab

The speakers’ talk titles are as follows:

R.J. Shebuski: Bridging academic and industrial discoveries in
the process of novel drug development.

B.R. Lucchesi: Academia, industry, training and research: a
partmership with common goals.

M.W. Decker: The culture and science of drug discovery:
negotiating the academic/industrial interface.

M.D. Johnson: Application of novel technologies in preclinical
pharmaceutical development: integration of diverse skill sets,
individual backgrounds and outlooks to meet a scientific challenge.

Session 455: Chemotherapy
Program #453.14 will not be presented.

Session 707: Education Workshop: [nformation Technologv
Acquisition of [ntegrative Pharmacologv through the World
Wide Web

S. Reents’ talk title should read: Clinical Pharmacology 2000: a
web~based clinical drug information resource.

. Session 711: iscov v

Abstract 711.1 should have Scott Thomas listed as a co-author.

Session 715: Free Radicals and Agtioxidants
Program #715.7 will not be presented: -

The following abstract should appear in the late-breaking
abstract poster session titled, “Neuropharmacology™:

The interaction of morphine and GABAergic systems in
anxiolytic behavior: using mu-opioid receptor knockout mice

K. Sasaki, L.-W. Fan, L.-T. Tien, T. Ma and K Ho. Dept. of
Pharmacol. and Toxicol., Univ. of Mississippi Med. Ctr., Jackson.
MS 39216.

This study was designed to investigate the involvement of mu-
opioid receptor and GABA(A) receptor in anxiolytic action using
mu-opioid receptor knockout and wild type female mice. Elevated
plus-maze test was used to assess anxiolytic behavior. Both mu-
opioid receptor knockout and wild type animals, 7-8 animals in
each group, received a dose of muscimol, 0.5 mg/kg, s.c., 3 h after
the pretreatment of morphine, 15 mgkg, s.c.. The anti-anxietic
activities were monitered 20 min after the muscimol administration.
In another experiment, both groups received a dose of naloxone,
1.0 mg/kg, i.p., an opioid antagonist, or (+)bicucullin, 2.0 mg/kg,
i.p., a GABA(A) receptor antagonist, 2.5 h after the morphine and
30 min before the muscimol injection. In each experiment the
coatrol mice received vehicle. The anxiety-related behaviors were
recorded for a period of 5 min by VCR-recording system and
were analyzed. The results show that morphine enhanced muscimol-
induced staying time in open arms by 280% in.wild type mice.
Moreover, the effect of morphine in the wild type was inhibited by
the pretreatment of either naloxone or (+)bicucullin. These-effects
were not observed in the mu-opioid receptor knockout mice. These
results indicate that mu-opioid receptor plays an important role in
the modification of anxiolytic behavior regulated by GABA-
mediated synaptic transmission.

AMERICAN SOCIETY FOR NUTRITIONAL SCIENCES

Poster Session 505 - Maternal and Infant Nutrition 1
Mon., 7:30 AM - 8:30 AM - Orange Counry Conventon

Center, Hall B
QQORZS

Poster Board B437A

Comparison of dietary sources of long-chain polyunsaturated
fatty acids (LCPUFA) in the neonatal piglet: Impact on
intestinal and liver parameters.

Susan A Mathews', Robert J Harrell', William T Oliver!, Jack
QOdle!, Deborah A Diersen-Schade®: '"North Carolina State
University, Box 7621, Raleigh, NC 27695-7621, *Mead-Johnson
Nutritionals, 2400 West Lloyd Expressway, Evansville, IN 47721

Addition of arachidonic acid (AA) and docosahexaenoic acid
(DHA) to infant formula promotes visual and peural development.
This study was designed “to determine if the source of dietary
LCPUFA affected intestinal morphology (n=5), lactase activity
(o=10), apparent dry matter digestibility (n=10), or liver histology
(n=10). Piglets had ad libitum access from day 1 to 16 of age to 2
skim milk-based formula with different fat sources added to provide
50% of the energy. Formulas included LCPUFA as follows: single
cell oil triglyceride (TG), egg phospholipid (EPL), TG with
phospholipid and cholesterol added to match EPL (TG+PL), and
a control with no added LCPUFA (CTL). Formulas with LC PUFA



provided 0.6% of fatty acids as AA and 0.3% as DHA. CTL pigtets
had 40% longer ileal villi than the EPL fed piglets (P<0.03), but
the TG and TG+PL fed piglets were similar to CTL. No differences
were detected in villi width, crypth depth, lactase specific activity,
absolute liver weights, or gross liver histologic parameters (P>{.1).
Apparent dry matter digestibility was 10% greater in the CTL, TG,
and TG+PL fed piglets compared to the EPL fed piglets (P<0.002).
These data demonstrate that the EPL source of preformed AA and
DHA reduces villi length and apparent dry matter digestibility and
suggest that the single cell TG source of LCPUFA may be preferred
for supplementing infant formulas. ‘

AMERICAN SOCIETY FOR NUTRITIONAL SCIENCES

Poster Session 496 - Dietary Intake and Clinical Dietetics
Mon., 7:30 AM - 8:30 AM - Orange Country Convention Center,
Hall B

Poster Board B380A

Patterns of Use of Supplements containing Iron among Women
of Reproductive Age in the United States.

Usha Ramakrishnan!, Morgen Hickey', Laura Kettel Khan?, Mary
Cogswell: 'Emory University, Atlanta, GA 30322, *Centers for
Disease Control and Prevention, Atlanta, GA

Introduction: The promotion of multivitamin mineral (MVTM)
supplements containing iron (Fe) has been suggested for women
of reproductive age who are at increased risk for iron deficiency.
Objective: To describe and identify correlates of patterns of use
of supplements containing Fe among women of reproductive age
(1249 y) in the United States. Methods: Details of supplement
use including type, composition and frequency of use in the past
month were obtained for 5924 women in the Third National Health
and Nutrition Examination Survey (NHANES III), 1988-1994. The
overall patterns of use and socio-demographic correlates within
race-ethnicity groups were estimated using SUDAAN. Results:
Twenty-two percent consumed supplements containing Fe, of which
76.3% reported daily use. Among supplement users, 78.1% used
multi-vitamin mineral combinations, 14.8% used Fe only
supplements and 5.8% used both types and the mean amount of
Fe ingested was 26 mg/day for MVTM and 69.6 mg/day for Fe
only supplements. The use of supplements containing Fe differed
significantly by race-ethnicity group; 24.1% for NHW, 17.2% for
NHB, and 15.2% for MA women. Adolescents (12-19 y) were less
likely to consume supplements compared to adult women (20-49

y) for NHW (O.R=0.38, 95% CI: 0.25, 0.58) and NHB (OR=0.47,

95% CI: 0.47, 0.26, 0.65). Post-partum status (<ly) was positively
associated with supplement use among NHB and MA women after
adjusting for age and other socio-demographic correlates.
Education and income were positively associated with supplement
use in NHW women.

Conclusions: Groups at higher risk of iron deficiency, e.g.,
Mexican American women and low-income women, are least likely
to take supplements containing iron, suggesting supplement use

. is unrelated to actual need. (Supported by NIH: HD-34531).

AMERICAN ASSOCIATION OF IMMUNOLOGISTS
SUNDAY, April 01
Program Changes:

Function

The following presentation, scheduled for 8:00 AM is cancelled.
Crystal Structures of Non Canonical Binding Peptides: Low
Affinity Vs High Affinity Binding (Vasso Apostolopoulos!,
Minmin Yu', Geoffrey Pietersz’, Wenjun Li*, Luc Teyton', lan
McKenzie?, fan Wilson']'The Scripps Research Institute, *The
Austin Research Institute

The following paper will not be presented.

s

Adenovirus Transfection with Inducible Nitric Oxide Synthase
(iNOS) Decreases Arginase Activity in Bovine Pulmonary Arte-
rial Endothelial Cells (bPAEC) [Kate P Stanley, Louis G Chicoine,
Leif D Nelin] University of New Mexico

The following presentation is cancelled.

Crystal Structures of Non Canonical Binding Peptides: Low Af-
finity Vs High Affinity Binding [Vasso ApostolopGulos', Minmin
Yu!, Geoffrey Pietersz?, Wenjun Li?, Luc Teyton', [an McKenzie?,
Ian Wilson']'The Scripps Research Institute, “The Austin Research
Institute

The following presentation has been added.

Aminopeptidase Trimming of Peptides in the ER is Required for
Proper Loading of MHC I Molecules [Thomas Serwold, Stephanie
Gaw, Nilabh Shastri] University of California-Berkeley

The following presentation is cancelled.

Tumor Necrosis Factor a-induced Activation of Downstream
NF-«B site of the Promoter mediates Epithelial [CAM-1 Expres-
sion and Neutrophil Adhesion :[nvolvement of PXCa, Tyrosine
Kinase and IKK2, but not MAPKSs, pathway [Ching-Chow Chen,
Chian-Yin Chou: Pharmacology, No.1, Jen-Ai Rd, st Section,
Taipei, 10018 Taiwan]

: - T -
IMWWW hani ¢ Costimulati
The following presentation is cancelled.

B7-dependent costimulation present in mice lacking CD28 and
CTLA-4 [Mariette A. Oosterwegel', Didier A. Mandelbrot’, Gor-
don J. Freeman®, Arlene H. Sharpe*] 'UMC Utrecht, ‘Brigham and
Women's hospital, Dana Farber Cancer Institute, ‘Brigham and

Women
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S, 2000

Effect of increasing dietary long chain polyunsaturates (LCP) with high
vitamin E on lipid peroxidation and susceptibility to oxidation of piglet
erythrocytes, plasma, and liver

E. Sarkadi Nagy, M.C. Huang, R. Kirwan, A. Chao, C. Tschanz, J.T. Brenna*
Comnell University, Ithaca, NY; *<jtb4@comell.edu>

SUMMARY. The purpose of this study was to determine the effects of increasing
amounts of dietary docosahexaenoic acid (DHA) and arachidonic acid (AA) on
lipid peroxidation and in vitro susceptibility to oxidation in piglet tissues. Twenty
four one-day old piglets (n=6 per group) were bottle-fed a sow milk replacement
formula containing one of four experimental treatments: no long chain fatty acid
(“Diet 0") and three different levels of DHA/AA at 1-fold (0.3%/0.6% FA; “Diet 17)
2-fold (0.6%/1.2% FA; “Diet 2") and 5-fold (1.5%/3% FA; “Diet 57) concentration
of human infant formula, and with equal amounts of vitamin E (260 mg/kg diet)
for four weeks.

Red blood cell (RBC) membrane total lipid DHA and AA increased in an
approximately dose-dependent manner, while 18:2n-6 (linoleic acid) and 18:3n-3
(linolenic acid) concentrations decreased. These modifications resulted in an
increase in the membrane unsaturation index from Diet 0 to Diet 2, but not for
Diet 5. Lipid peroxidation was assessed by measuring conjugated diene and
glutathione (GSH) levels in the liver, and thiobarbituric acid-reactive substance
(TBARS) in plasma. There were no significant differences between the groups in
any of these parameters. Oxidative stability was assessed by determination of
TBARS concentration after exposure of RBCs to 10 mM H;O2, and liver
homogenates to various concentrations of H;O, (0,1,5,10 mM) for 30 minutes.
TBARS levels of the erythrocyte membranes increased in a dose-dependent
manner when in vitro oxidation was induced. The TBARS levels of the liver
homogenates of the Diet 5 group were significantly different than those of the
membranes of the Diet 0 group when the in vitro oxidation was induced with only
the highest concentration of H202 (10 mM).

We conclude that there was no increase in oxidation due to high dietary
and tissue LCP with this relatively high vitamin E concentration. The susceptibility
of RBC and liver of piglets in the Diet 5 group to in vitro oxidation was increased
compared to the Diet 0 group only under extreme oxidative conditions. Overall,
the results suggest that the dietary vitamin E effectively prevented oxidation at
the LCP concentrations investigated.
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