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Mead  Johnson  proposes  using  DHASCO  and  ARASCO at approximately 0.8 and 1.6 
percent,  respectively,  of  total  fht  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 A R A S C O  and  the 
corresponding A M  level  did  not  cover  the  Mead  Johnson  formulation.  Martek filly 
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  fbrther  support  the use of level  and  ratios of DHASCO  and  ARASCO 
in  Mead  Johnson’s  formulas. 

0 

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: 

The  Martek  Expert  Panel  found  DHASCO  and  ARASCO to be safe at levels  up to 
2.5% each of fat  in  infant  formula. 
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 m i l k  (Table  1). 
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  posed 
no safety  concerns  (Table 2). 
This proposed  level of ARASCO oil is similar to amounts  studied  in  other  infant 
clinical trials without  adverse  effects  (Table 3). 
The ARA to DHA ratio  in  the  formula is within  the 1 : 1 to 2: 1  range specified in 
Martek’s GRAS Notification. 
Martek-  and  Mead  Johnson-sponsored  toxicology  studies used 2:l ratios of ARA to 
DHA, thus  providing  the  same  safety  factor  for  ARASCO as DHASCO at the 
proposed use levels  (Table 2). 
A  number of organizations  have  recommended  levels  above  those  in  the  Mead 
Johnson formula,  ranging  up to 1.5% of fkt as ARA in i n h t  formda (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 fbt fkom DHASCO  and 1.6-1 3% 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 fbt with a  DHASC0:ARASCO ratio between 1:l and 1.2. 
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EXECUTIVE SUMMARY 

The undersigned,  an  independent  panel of recognized  experts  (hereinafter the 
Panel),  qualified by scientific andor 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  @HA) or arachidonic 
acid (AM)), using  scientific  procedures,  are  Generally  Recognized  as  Safe ( G U S )  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 idants, this dose is  equivalent to 1.25% of dietary 
calories or about 150 mg of the  oivkg  body  &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 @PA) 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 infmts and 
children.  After  reviewing the literature  regarding the efficacy of DHA and ARA (fiom 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 A M ,  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. 

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 

This  Panel  also  considered  the  opinion of other Expert Panels,  associated  with 
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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 hture as new  clinical  study  data  emerge.  Another LSRO panel  is  presently 
considering the DHA  and ARA requirements  for  preterm  infants. 

ARASCO oils  were  carefblly  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 hngus 
Mortiereiia aipina 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. 

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 
C 0 2  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 A M  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 A R A .  

ARASCO oils,  including  acute,  subchronic,  developmental  and  reproductive  toxicology 
studies in rats and in vitro mutagenicity  assays. A l l  studies  were  modeled after FDA 

The chemical  composition  and  manufacturing  processes  for  both DHASCO and 

Based on elevation of blood  lipid  levels  following  ingestion of either  DHASCO or 

A large number of safety  studies  have  been  conducted  using DHASCO and 

'. 
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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  PUFA-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 (NOELS) 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 
toxkological 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 idants or 
children. A l l  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 o f  these oils. At least  fourteen  well-controlled  clinical studies involving  over 
1500 infans 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 idant 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 o f  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 fbrther support their use as a 
safe dietary source o f  D m  and  ARA. 

In addition, these oils have  now  been in commercial  use  in infmt formulas in over 
60 countries around the world  (including the United  Kingdom,  France  and  Israel) at levels 
in accord with WHOEAO 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 AR4SCO 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 io 
other important  nutrients, human breast-fed  infants  receive DHA- and  ARA-containing 
triglycerides f?om 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 &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;  2 1 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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Table 2: CornParison of ARA and DHA Levels 

0.32%  1 .O% 0.5% 0.34% 

ARASCO (wt % of fat) 1.6% 2.5% 1.25%  1.50% 
DHASCO (wt % of fat) 0.8% 2.5% 1 .25% 0.85% 

ARASCO (mg oiUkg bw/day) 96 150 75 90 2500 26x 6000 6 2 . 5 ~  
DHASCO (mg oiUkg bvdday) 48 150 75 55 1250 26x 3000 6 2 . 5 ~  

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

c.3 ' Safety factor  over  Mead Johnson's proposed use lkvel. 



Table 3 
ARASCO and DHASCO  Contents of Infant  Formulas Used in 

Controlled Clinical Trials 

Preterm Studies 
Camielli  et  al.  1994 
Camielli et al.  1998 
Clandinin  et al. 1997 
Foreman-van  Drongelen et ai. 1996 
Vanderhoof et al. 1999; 2000 
Hansen et al. 1997 

Term Studies 
Birch et  al.  1998; 2000 
Carlson 1999 
Gibson  et al. 1997 
Morris et at. 2000 

0.75 
0.84 

0.32 10.49 I 1.1 
0.61 
0.50 

0.60 / 0 

0 / 0.72 
0.6 I 0.6 

0.2 I0.32 10.4 
0.4 

0.6 
0.64 

0.24 / 0.35  10.76 
0.3 
0.35 

0.33 10.34 

0.35 / 0.36 
0.3 I fish oil 

0.2 10.2 10.25 
0.2 
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Table 4: Comparison of Proposed Commercial Use Level  and  Panel  Recommendations 

0.32% 0.5% 0.4% 0.51.1 % 0.6% 0.35% at least 0.35% 

ARA (wt% of fat) 0.64 % 0.4% 0.7% 0.5% at least 0.35% 
D M  ( ~ 4 %  of fat) 0.32 % 0.4% 0.35% 0.35% at least 0.2% 

'Actual  valuas are approximately lQlS% 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 andor 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 pLRASCO@' oils (macronutrient  ofis 
produced by fermentation  and  containing  docosahexaenoic  acid (Dm) 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 oiYkg body  &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. 

Earher safety  concerns  regarding growth of int'ants  fed fish oil-supplemented 
formulas  have  been  addressed.  They appear to be associated with the eicosapentaenoic' 
acid (EPA)  present m 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 AR4 source 
along with the DHA to infint formulas.  Recent  controlled studies indicate that pretem 
and term infints fed formulas fortitied with both ARASCO and DHASCO oils have  better 
growth indices than infints 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 AR4 for infants and 
children. M e r  reviewing the literature  regarding the efficacy of DHA and ARA (fiom any 
source) in  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 contriiutes to the visual and neurological deficits  observed in 
formula-fed  compared with breast-fed a t , .  The link between these two long-chain 
polyunkturated fatty a c i d s  and  developmental outcome has been established by well- 
controlled clinical  studies  indicating  that  addition of DHA and ARA to the formula  not 
only corredts the deficiency,  but can also contriiute to the elimination of these 
neurological  deficits. 

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 htty acids should be added  to 
formulas at levels  corresponding to those found in human  breast milk. One  panel fiom 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 

This Panel aIso considered  the  opinion of other Expert Panels,  associated  with 
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of the  requirements  for  term  (not  preterm)  infants  formulas  did  not  recommend that D m  
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 o f  the  formula-fed infht .  This  LSRO Panel  did  not  review 
several of the  most  recent  studies,  and  recommended a  re-evaIuation 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. 

ARASCO oils were  carefhlly  reviewed by the  Panel  to  ensure  that oil quality meets 
standards  for  food  production. DHASCO oi l  is a  triglyceride,  produced by the  @a 
Cypthecodinium  cohnii, which  contains 40% by weight of DHA (specifications  given in 
section 6). ARASCO oil, also predominantly  triglyceride, is produced by the fungus 
Mortiereila  alpina and  contains 40% by  weight of ARA. In both  cases,  these oils contain 
DHA and A R A ’ i n  triglyceride  structures  that  are  chemically  equivalent  to  those.delivered 
to infants fiom mother’s milk. Both oils also contain  other  common  saturated  and 
monounsaturated htty acids.  Minor  nonsaponifiable fktions of the oils have been 
characterized  and  contain  primarily  cholesterol-rehted  sterols  commonly  found in other 
food sources. Both oils are manufictured by a  controlled  fermentation  process,  followed 
by oil extraction  and purification using methods common to  the  vegetable oil industry. All 
ingredients used m the processing of the oils are either  food  grade, or of higher quality, 
and the entire  process meets current  Good Mauuficturing Practices  for foods. All oils 
undergo  rigorous analytical and quality assurance  testing  and  meet  well-defined  product 
specifications  prior to release. 

ARASCO,  both oils are absorbed in a manner  consistent with other dietary  triglycerides. 
The DHA and ARA are distriiuted throughout the  body  and are found at the highest 
levels m brain, retina,  testes,  and  heart. DHA and ARA can be catabolized compIetely to 
C02 and HZO, 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 hct ion.  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 i d h t  supplementation.  Although  oxidation of these highly 
maturated iitty 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 o f  polyunsaturated fatty acids. Animal and  human 
studies have codinned that  supplementation  with DHA and AK4 protects,  rather than 
accentuates  oxidative  damage. This is not  inconsistent  with  the  Snding  that  iafants  who 
receive  breast milk (containing DHA and ARA) are more  protected &om Necrotizing 
enterocolitis (NEC) than infsnts fed  formulas  without DH[A and A M .  

ARASCO oils, including acute,  subchronic,  developmental  and  reproductive  toxicology 
studies in rats and in vitro mutagenicity assays. All studies  were  modeled  after FDA 

The  chemicaI composition  and  manufacturing  processes  for  both  DHASCO  and 

Based on elevation of blood  lipid  levels  following  ingestion of either  DHASCO or 

A large  number of safety  studies have  been  conducted using DHASCO and 
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Redbook  guidelines  and  conducted  at  GLP-compliant laboratories. The  study  results  were 
evaluated  relative  to well known effects o f  supplementation  with high doses of 
polyunsaturated htty acids (PuFAs) in order  to  distinguish  between  PUFA-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 P U F h  in 
mammais 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 Werent animal species,  including nonhuman 
primates,  have  provided a large  base o f  experience  and extensive toxicological  data  with 
DHASCO and  ARASCO oils (summarlzed m 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 Ievels of 
DHA and ARA in pretem and term infants (summarized in  Appendix 2). Signiscant 
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 D W C O  andor 
ARASCO have been conducted on adults or children with no reported adverse effects of 
the treatment (e in Appendix 3). Two such studies with particular  emphasis on 
safety and bioavailability were conducted by the U.S. Department of Agricdture 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 m e r  support their use as a 
safe dietary source of DHA and ARA. 

In addition, these oils have now been in CommerciaI use in infant formulas in over 
60 countries around the world  (including the United Kingdom, France and  Israel) at levels 
in accord with WHOFA0 guidelines  for as long as three years with no reported  adverse 
hdings 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 sigdicant 
adverse events reported to the Company.  The  large numbers of individuals (idhts 
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 statu for these  products at use levels that can c o m o d y  be 
obtained in the diet. 
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Human breast  milk is  the  “Gold Standard” for  infant nutrition. In addition lo 
other important nutrients,  human  breast-fed infants receive DHA- and AM-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 AR4, and  after a 
critical evaluation and  analysis of the safety and clinical information available on 
DHASCO and ARASCO as DHA- and  &-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 

(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) 

                                        - 

. Manufacturing Practices (cGMP; 21 CFR 182.1) to be Generally Recognized as Safe 
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1. INTRODUCTION 

An independent  panel of recognized  experts  (hereinafter  the  Panel),  qualified by 
scientific andor 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 @HA) 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 oivkg body  &day. A 
comprehensive  search of the  scientific  literature  (published  and  unpublished)  for 
information on the  use  and  safety of AR4SCO and  DHASCO through October 15, 1999 
was conducted by Martek  Biosciences Corporation (Martek)  and  was  made  avadable  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 fiom any source for 
b f h t s  and children. The Panel unanimously agrees that there is a biochemical  deficiency 
in k h t s  receiving formulas with no supplemental DHA and AR4 relative to k h t s  being 
fed their own mother's milk -- the gold standard for infant nutrition. This biochemical 
deficiency is reflected m 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 o f  
view, breast milk represents the optimal source of nutrition for the human a t  and  it is 
often referred to as the  "gold standard". Infsnt formulas are also used as the sole source 
of nutrition for a human a t  and should,  therefore, be as nutritionally  balanced as human 
milk. DHA and ARA are found in human milk in low, but signiscant quantities. f i e  
DHA and ARA content of human milks fiom 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 fiom 0.06% to 1.4% of totaI 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 fiom 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 - I). 

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 mill< 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. 

Finley* et aL (1985) 
Harris, et aL (1984) 
Putnam, et a i  (1982) 
van der Westhuizen, et aL (1988) 
Sas, et aL (1986) 
Spear, et aL (1992) 
Sanders and Reddy  (1992) 
Maurage, et aL (1998) 
Auesiad, et aL (1997) 
Spear, et aL (1992) 
OkoLska, et aL (1983) 
Dotson, et aL (1992) 
fackson, et a i  (1994) 
Raner, et aL (1983) 
Carison, et ai. (1986) 
Francoir, et aL (1998) 
van der Westhuizen, et aL (1988) 
Innis, et aL (1994) 
Bitman, et aL (1983) 
Henderson, et aL (1998) 
Drury and Crmford (1990) 
Makrides, d aL (1995') 
Makrides, et aL (1996) 
Koletzko, et aL (1988) 
Bitmatt, et aL (1983) 
Sanden,  et aL (1978) 
Genzel-Boroviczeny, et aL (1997) 
Bitman, d aL (1983) 
Beijen and Schaafima (1996) 
Genzel-Boroviczeny, et aL (1997) 
Martin, et aL (1993) 
Carnielli, et aL (1998) 
Foreman-van Drongelen, et aL (1996) 
van  Beusekom, et aL (1993) 
Muskiet, et aL (1987) 
Specker,  et aL (1981) 
Hall (I 9 79) 

0.06 
0.1 
0.1 
0.1 
0.1 

0.1 1 
0.14 
0.14 
0.15 
0.15 
0.15 
0.16 
0.16 
0.16 
0.19 
0.2 
0.2 
0.2 

0.2 1 
0.2 1 
0.2 1 
0.2 1 
0.2 1 
0.22 
0.23 
0.23 
0.23 
0.24 
0.24 
0.24 
0.24 
0.26 
0.26 
0.26.- 
0.27 
0.29 
0.29 

0.29 
0.4 
0.6 

1 
0.5 

0.54 
0.32 
0.24 
0.48 
0.58 
1.56 
0.53 
0.56 
0.39 
0.59 
0.5 
0.6 
0.5 

0.58 

0.6 
0.4 

0.4 1 
0.36 
0.6 
0.72 
0.45 
0.55 
0.3 1 
0.48 
0.26 
0.48 
0.52 
0.47 
0.6 

0.69 
0.19 
0.46 

0.52 

USA 
USA 
USA 

s. A f k 3  

USA 

France 
USA 
USA 

. Poland 
USA 
USA 

Germany & UK 
USA 
USA 

s. Af?ica 
Canada 

USA 
USA 

Australia 
Australia 
Germany 

USA 
UK (vegan) 
Germany 

USA 
Netherlands 

Gennany 
France 

Netherlands 
Netherlands 
Netherlands 

Tanzania 
USA 
UK 

H w i w  

UK (vegan) 

H w F Y  

Yu, et a i  (1998) (257) 0.29 " - Sweden 
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Sanders and  Red@  (1992) UK 
fansson, et aL (1981) 
Villacampa, et aL (1 982) 
Cherian and Sim (19 96) 
Clandinin, et a1 (1997) 
Babin et a f  (1999) 
Kaifa, et aL (1999) 
Rueda, et aL (1998) 
Billeaud, et aL (1997) 
Chardigny, ez aL (1995) 
Gibson, et aL (1981) 

F A O M 0  RECOlMMENDATIONS 
FOR F"LL TERii INFANTS 

de fa Presa-Owens, et aL (1998) 
Ogunleye, et aL (1991) 
Beijen and Schoafima (1996) 

ISSFAL 1999 
RECOMMENDATIONS FOR FULL 
TERMINFANTS 
Sanders and Red@ (1992) 
Guesnet, et aL (1993) 
Rueda, et a i  (1998) 
Prentice, et aL (1989) 
Lunkkainen, et PL (1994) 
de Lncchi, et aL (1988) 
Sacobs, et aL (1996) 
van Bewekom, et aL (1993) 
Clandinin, et a i  (1981) 
Innis, et aL (1988) 
Mwkiet, et aL (1987) 
Horby Joqpnsen, et aL (1996) 

Muskiet, et aL (1987) 
Luukkainen, et ai (1995) 
Dmry and Crawford (1990) 
Innis, et d ( I 9 9 0 )  
Ogunleye, et aL (1991) 
Fidlci,"d aL (1998) 
Rocquelin, et aL (1998) 
Boenmq et aL (1991) 
Sanders, et aL (1978) 
Kneebone, et aL (1985) 
Kneebone, et aL (1985) 
Kneebone, et aL (1985) 
Koietzko, et aL (I 99 I) 

0.3 
0.3 
0.3 
0.3 
0.3 
0.3 1 
0.3 1 
0.32 
0.32 
0.32 
0.32 

0.33' 

0.34 
0.34 
0.34 

0.35 

0.37 
0.37 
0.38 
0.39 
0.39 
0.4 
0.4 
0.4 
0.4 
0.4 
0.41 
0.43 
0.43 
0.48 
0.49 
0.5 

0.53 
0.55 
0.55 
0.56 
0.59 
0.71 
0.9 
0.9 

- 0.93 

0.38 
0.4 

0.57 
0.4 

0.54 
0.5 
0.35 
o s 2  
0.52 
0.5 
0.4 

0.65 

0.5 
0.56 
0.37 

0.50 

0.35 
0.45 
0.69 
0.3 1 
0.37 
0.8 
0.6 
0.5 
0.5 
0.7 
0.56 
0.47 
0.71 
0.54 
0.57 
0.8 
0.36 
0.77 
0.44 
0.58 
0.54 
0.64 
0.47 
0.57 
0.82 

Sweden 
Spain 

Canada 
Canada 
France 
Finland 
Panama 
France 
France 

Australia 

Spain 
Nigeria 

Netherlands 

UK 
France 
Spain 

The  Gambia 
Finland 

Netherlands 
D o m i n i c a  
Canada 
Canada 
Surinam 
Swedm 
curacao 
Finland 

Thailand 
Cana;la 
Japan 

Germany 
Congo 

St.  Lucia 
UK 

Malaysia 
Malaysia 
Malaysia 
Nigeria 

SQ& 

Innis,  et aL (1988) . 1.4 0.6 Canada 

I Fatty acid recommendations  given in mg/kg body weight and were  converted to weight % fat assuming 
that term infants consume 1 10 kcavkg body wt/day and  that 50% of calories in formula  are &om fit. 



G U S  Panel  Evaluation o f  DK4SCO and AR4SCO Page 23 

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 E‘upert  Panels’ 
opinions on  the  importance of DHA and ARA in infant  nutrition,  and b h e r  believes that 
there is now  sufficient  evidence that it is beneficial to supplement  infants  with DHA and 
PJW 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 fkther believes that 
such an addition is in line  with the general  tenet o f  providing infants with  nutritive 
components that  most  closely  match  the  nutritive components of human mdk. 

3. CURRENT AND PROPOSED  USES FOR DIWSCO AND ARASCO 

As described in the  previous  section,  several other Expert Panels have addressed 
the issue of use  levels of DHA and ARA in inf’ant formulas (3 1,83, 84, 133). The  levels 
recommended by those Expert  Panels  are  given in Table 3- 1  for pre-tern and  term infant 
formulas  and range fiom 0.4% to 1.5% o f  total formula fat for ARA, and  0.35%  to  1.1% 
of total formula fat for DHA. These  values  closeIy  approximate  levels of DHA  and AIW 
found in human milks fiom 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 o f  DHA and AEU 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% 
o f  lipid as DHA and 0.50% of lipid as ARA for an i d k t  to receive an adequate intake . 
(AI )  o f  these components (217). They also went on to ident* 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 o f  DHA. 

a 

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

Year - 199 1 - 1992 - 1994 - 1994 - 1999 
Pretem.Formuia 
ARrl (?.A of fa+ 1 % 0.40 % 0.90 - 1.5 % 0.90 % 0.50 % 
D M  (!?A of  far) 0.5% 0.40 % 0.5-1.1 % 0.60 % 0 3 s  % 
Term Formula 
ARA (“A of  far) 0.40 % 0.70 % 0.50 % 
D f u  (“A of fat) 0.40 % 0.35 % 0.35 YO 

D HMEPA rario > 5 t o l  10 to 1 > J t o  1 

’ Assmptioos for the calculated values are 1) pram infhnts consume 120 kcal/kg/d and term infants 
consume I 10 kca&g/d 2) fat comprises 50% of energ of the formula, and 3)  I g fat has 9 kcal. 
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In the last 15 years,  at  least 32 well-controtled  clinical  trials  have  been  completed 
using DHAIPLRA supplemented  formulas  (see  Table 2.2- 1). All trials have  used 
supplemental DHA at  levels in preterm  formulas fiom 0.15% to 0.78%, and  for  term 
formulas  fiom 0.1% to 0.36% of total formula  fat.  Supplemental AR.4 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 fkom 0.20% 
to 0.72% for  term  formulas.  Of  particular  relevance to this Panel  were  the 14 c h c a l  
studies in which DHASCO and ARASCO were  used as the DHA and AE&4 sources for 
supplementation  (see  Appendix 2). In those  trials,  the DHA and AIW dose  levels  ranged 
fiom 0.24 % to 0.76 % of  total  formula  fat  for DHA and 0.24 % to 1.1 % of total  formula 
fat for AR4 in preterm  formulas. In f u l l  term infant  formula trials, dose levels  ranged 
t?om 0.20 % to 0.36 % of  total  formula  fat  for DHA, and fiom 0.20 % to 0.72 % of total 
formula t8t for Afw. These  values  clearly f d  well  within  the no& range  of  mother's 
miik (Figure 2.1-1) and  the Expert  recommendations  (Table 3-1). 

In the past five  years,  commercial hfmt formulas containing  supplemental DHA 
and ARA have  been  mtroduced  around the world. Of particular  interest  to this Panel  were 
the formulas  containing DHASCO and ARASCO as the form of supplementation  (Table 
3-2). The Panel also noted that the LBW formula  produced by WyetUAyerst is provided 
to low birth weight m t s  under strict doctor's supervision.  The  manufacturer  estimates 
that over 100,000 infants have  been  given  these formulas under doctor's guidance. In 
fkct, DHASCO/ARASCO-supplemented formulas are used  more  extensively  around  the 
world than formulas supplemented  with  any other source of DHA and M. The DHA 
Ievels in current  commercial  use  for those formulas are 0.30% to 0.40% of formula  fat  for 
pretenn formulas  and &om 0.25% to 0.40% o f  formula fit for term  formulas.  The ARA 
levels in current  commercial use for those formulas are 0.45% to 0.60% o f  formuIa  fat  for 
preterm formulas and &om 0.45% to 0.50% o f  formula fat for term formulas. 

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

Australia W Y d  SMALBW X 

Numico Nenatal X 

Bahrain W Y A  S M A  LBW x 
Bolivia W Y d  S M A  LBW X 
Belgium Numico  Nenatal X 

Remilon X 
Chile Wyeth SMA LBW X 
China (P.R.C.) W Y h  S M A  LBW X 
Colombia WY& SMA LBW X 

Dominica Wyeth S M A  LBW X 
Ecuador Wyeth S M A  LBW X 

SMA Gold X 

KariCare First6 X 

CYPnrS Wyeth SMALBW . X 

EWpt Wyeth S W -  LBW X 

0 KariCare First contains fish oil and M C O  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 hction of C. cohnii in rats. This study compared  the  effects of 
collsuming a high  concentration of the  nonsaponifiable  &action &om DHASCO with the 
nonsaponifiable  fiaction  of  soybean oil, which  contains  predominantly  sitosterol (151). 
AIthough  sitosterol is known to inhibit the  re-uptake of cholesterol firom the gut, the 
nonsaponifiable  fraction o f  DHASCO did not  show a similar effect. Furthermore, when a 
very  large  portion (0.5% by weight) o f  the  diet o f  rats  was  comprised  of this 
nonsaponifiable  fiaction,  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 toxicoiogical 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 WON-HUMAN). A large  number ofsafety 
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 animRls studies,  such as acute,  subchronic,  developmental  and  multigenerational 
reproductive  studies.  Since  these  components  represent  macronutrients, a l l  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  Addirives and Color Addirives  Used in Foods, commonly referred to as 
R e d b o o k  I, or from their draft Redbook II. The audited summaries fiom 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 
Arterbum (1 54). 

macronutrients,  not  micronutrients, vitamins, or drugs.  Safety  testing of macronutrients 
poses several problems (26). For  exampie, 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 carefidly 
distinguish a truly toxicological  response  due  to  the  test  material fiom a normal 
physiological response resulting &om the high dietary load of that  particular 
macronutrient.  For  example, is the  elevation of serum cholesterol in a human who 
changes  their  diet &om 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  fkt? W~th this caveat,  the  toxicological 
studies  completed on DHASCO  and M C O  are summarid below. 

At the outset, it is important to recognize that DHASCO and ARASCO are 
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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 ARASCOkg body wt in rats,  there  were no 
deaths (Table 7.5.1). Soft stools were  typically noted in the f i r s t  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 o f  any  fatty  substance, and it was not 
considered  to be an adverse  event.  Since no animals died, acute oral LD 50 values  could 
not  be  determined,  but  based on the  lack o f  toxicity in the tests,  they  were  greater than 20 
@kg body  &day  for  each oil. 

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

DHASCO Mmek 20 Of5 015 >20 gk3 bw 
D K " 0  Martek 20 015 015 >20 g k g  bw ( 100) 
C cohnii algal biomass Mart& 7 015 Of5 >7 g / k g  bw (103) 
C cohnii biomass Martek 7 01s 01s >7 g k g  bw ( 1 0 4 )  
Delipidated C cohnii Martek 1 0  OIS 015 > 1 0 g k 3 b w  ( 1 0 1 )  
Delipidated algal biomass Martek 6 Of5 015 % &bw (105) 

(27) 

biomass 

ARrLsco M e k  20 015 015 >20 fig bw (27) 
ARASCO Martek 20 015 015 >20 glcg bw (102) 
W C O  &[-brocades 18.2 015 015 N8.2 & bw ( 1  17) 
Fungal biompps Martek 5 015 015 >S g f k g  bw (99) 
Deiipidatedfungal biomass Mart& 4 OfS 015 % & b w  (106) 
L M r r o e n C r r l a r r J o r e d  Msrtek 5 0 6  01s >S @kg bw (107) 

A R A S C O / D ~ C O  
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 k g  
body  wt/day  (Table 7.5.2). The No Adverse  Effect Levels (NOAEL) were the highest 
doses tested for each individual oil during the specifxc study (up to 2.5 g oivkg body 
&day  for ARASCO and 1.25 g k g  bwlday for DHASCO) and for the  combined oils (up 
to 9 g k g  body  wtlday). 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 o f  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 AIWSCO 
in Rats. 

ARASCOAIHASCO Wyeth Ayem 1.2 63 days in the  diet; Not  toxic 
1.5:l blend 10 ratdseddose 

DHASCO Martek  1.25  28 days b y  gavage; No  toxic (27) 
5-10  ratslsexldose 

5- 10 ratdseddose 

10 ratdseddose 

ARASCO Martek  2.5  28 days b y  gavage; Not  toxic (27) 

ARrlSCO Gist-brmds 3.0 28 days by gavage; Not  toxic ( 1  17) 

ARQSCOAIHASCO Martek 3.75 28 days b y  gavage; Not  toxic (27) 
ARASCO/DHASCO Mead 9.119.4 28 days in the  diet; Not  toxic (247) 

2:1 blend 5- 10 rats/sex/dose 

2:1 blend Johnurn 10 ratdsexldose 

A lgal biomcrrr Martek 5 28 days in diet, Not  toxic (249) 
5- 10 ratslsexldose 

7.5.3 SUB-CHROMC  (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 materialkg 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 gkg 
body  &day  for  combined oils) except  for the Gist-brocades  study  (see  Table 7.5.3) (8, 
36,150). A NOAEL of  8.9 @g/day (about 6 grams ARASCO  and 3 grams of 
DHASCO) represents  at  least  a  60-fold  excess of this macronutrient fiom the  intended  use 
level of ARASCO, and a  50-fold  excess fiom 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 accompkied by changes in histology or 
clinical  chemistry.  Rather,  they  were  considered n o d  physiological  responses  to h i g h  
doses of polymsaturated fatty acids  and to the use of artificial  diets in  some cases. Some 
of the& 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 
supplementation phase (36). 

7.5.4. CHRONIC TOXiCITY/CARCINOGENICITY S T U D I E S .  Based 
on in vitro toxicological  information  (see  Section 7.5.6) and knowledge of the 
macronutrient  nature of the  test  matenal, it  was  determined that chronic 
toxicity/carcinogenicity studies  were  not  necessary  for this nutrient. 
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Table 7.5.3. Sub-chrooic  90-day  toxicity studies with DHASCO and ARASCO in 
Rats. 

DHASCO Martek 1.25 gavage, full neurotox Not toxic 

DHASCO/AR4SCO Numico 2.0 

ARASCO Martek 2.5 
blend 

DHASCO/ARISCO Wyeth Ayem 2.5 
. 1.S:l blend 
ARlSCO Gist-brocades 4.9 

DHASCO/ARASCO Mead 8.9 

Algal biomass Martek 5.8 
2:1 blend Johnson 

aSSeSSment 
in diet Not  toxic ( 1  13) 

gavage, full neurotox Not  toxic (150) 
assessment 
in diet Not  toxic (88) 

in diet, in ufero phase, Not  toxic (157) 
full neurotox assessment 
in diet, in utero phase, Not  toxic (36) 
full neurotox assessment 
in diet, fill neurotox Not  toxic (225) 

7.5.5 REPRODUCTIVEIDEVELOPMENTAL  TOXICOLOGY 
S T U D I E S .  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. 

DHASCO Developmental h4artek 1.25 gavage Not toxic 

ARASCO Developmental m e k  2.5 gavage Not toxic ( 7 )  

Algal biomass Developmmtal Mart& 4.3 in diet Not toxic (242) 

Algal biomass Reproductiye Martek 8 in diet Not toxic (24 1) 

25/sex/dose 

2 5 l d d o s e  

2Olddose 

20/ddose 

7.5.6 GENOTOXICITY STUDIES - IN VITRO. The test  materials  were 
determined to be neither  mutagenic,  ciastogenic, 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 €?actions. 
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The  above  biochemical  evidence  explains  why  eliminating DHA and AIL4 firom the 
diet of infsnts, particularly pretem 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 af. (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 AM. This has also been c o h e d  in  human  infants  by Carlson  and  colleagues 
(42) using  egg  yolk as a source of DHA  and AR4. In her  controlled  clinical  study, 
infants who  received  standard  preterm  infant  formula  had an incidence o f  NEC o f  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 ofNEC (35). Extrapolating  Carlson's data to all. U.S. babies, the inclusion o f  
DHA and ARA into the formulas  could  substantially  reduce  the  morbidity  and mortality 
associated with this disease. 

the GRAS levels (ie., DHA and ARA up to 1 .O% of total milk fat lipids), no oxidative 
injury would be expected. In hct, based on laboratory  and  clinical  evidence, it is quite 
likely'thatthe addition ofDHA and A M  to formulas at the&  levels (similar to breast 
milk)' m a y  well  reduce the incidence of oxidative  damage in predisposed int'arrts because of 
the stimulation of  intracellular  antioxidants  such as SOD. 

We conclude,  therefore, that ifDHASCO and ARASCO are provided  to  infants  at 

a -  8. PRECLINICAL STUDIES. 

There have been a number of reports involving the supplementation of the diets of 
VariOUS '' species including mice, rats, pigs, cats, dogs, monkeys and. baboons 
with DHASCO andor ARASCO.  We are aIs0 aware of ongoing or unpublished  stud@ 
with hamsters, cows, horses,  and  chickens.  Some of these studies are tabulated and 
summarjzed m A p p e n d i x  I. Dosages used ranged fiom levels  normally  expected to be 
used as a dietary-supplement to doses wherein the total fat- intake ofthe animal was 
comprised solely of DHASCO or ARASCO. None of these studies were  designed as 
toxicology studies such as those described in Section 7, b u t  rather, each ofthe 
investigators  studied the effects of enriching tissue levels of DHA andor ARA on a 
particular  physiological response in a selected animal model.  DHASCO andlor ARASCO 
are now commonly used as the dietary source of DHA andor 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 m a n y  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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CLIiYICAL STUDIES WITH INFAiVTS 
USNG DHASCO AM)/OR ARASCO 22 

(I4 trials/1,478 babies) 

I) CF, 2) SF with 0.75 M A  (not @en) 

h m  ARASCO + O.6o/a DHA 
from DHASCO, 3) human 
milk (HM) 

I )  CF, 2) SF with 0.24% up to 5 
DHA + 0.35 ARA from PL. weeks of 
3) SF with 0.84% ARA from age 
ARASCO + 0.64% DHA 
horn DHASCO, 4)  HM 

1) CF, 2) Low SF witb 4-6 we& 
032% ARA h m  ARASCO 
+ 024% DHA h 
DHASCO, 3) Medium SF 
witho.4wo AR4 fmm 
m c o  + 03sVo DHA 
6um DHASCO. 4) Higb SF 
with I . I % A R A h m  
ARASCO + 0.76 DHA from 
DHASCO, 5) HM 
I) CF. 2) SF with 0 3 % ~ ~  3 months 
6ua1 ARASCO + 02% DHA 
fmm DHASCO, 3) HM 

1) CF. 2) SF with 0.61% appro& 22 a fmm ARAsco + 0.3% weeks 
DHA hnu DHASCO, 3) HM 

I) CF, 2) SF with 0.6XARA horn full 
h m  ARASCO + 0.4% DHA GI keds IO 

from DHASCO. 3) HM u) weeks 
.pori 

conceprual 

rP.60 

n 4 6  

U=91 

IF57 

5-43 

11-191 

No difbaeace in visual acuiv, 
s i g n i h o d y  hi- Baylq Mental 

DNdopment in SF p u p .  

P l a s m  PL and RBC of SF p u p  
hi- than CF p u p ;  rm diffaavr 
~ p U p i a g r o v r h W d i l l i d  

evals. 
NOdi5k-?ingmwr4SCtKUll 
chemisuics or GI symptooms between 
formula p u p s  Plasma PL o f  SF 
goup Simllar to Hh4 p u p .  

Abbreviations used in this table: CF, control formula; I", human milk; MDI, mental  development 
index; PL - phospholipid; RBC, r e d  blood cell; SF, supplemented formula; VEP -visual evoked potential. 
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.. . 

Hametq e ai (1997) (ahs), IO 
DimedChade, et ai (1998); I 1  
“ c e m r  m‘ahCVorrh Amrrifrr 
(Mead Johnson) 

I) CF,  2) DHA SF wirfi appmx. 28 
0.34% DHA 6um D M C O .  d 
3) D W A R A  SF with 0.6% 
tUUtbmARASCO+ 
0.33% DHA horn DHASCO, 
J) HM 

I)CF,2)SFwirhEshoil+ 28d 
borage oil. 3 )  SF with 6sb oil 
+ q g  phospholipid. 4 )  SF 
with DHASCOI  ARASCO 
1:I. 5) SF with D W C O /  
ARASCO I:2,6) HM 

FoU Term lnfaofs 

e ai (1998) 
Rrdna Foundablon of the 
Soahwest, D& 7x (Mead 
Johon)  

I4 

I )  control formula  (CF); 2) 8 weeks 
rupp~&rntcd formula (SF) 
with ARASC0:DHASCO 
2: I 

I )  CF; 2) SF with 0.35% 4 monrh 
DHA; 3) SF with 0.35% 
DHA+O.R%ARA;J)HM 

I )  CF. 2) SF wid! 03% DHA ( n o t  sated) 
b m  6sh oil + O b % A R A  
hrn ARASCO; 3) SF with 
03% DHA &om DHASCO + 
0.6% ARA born ARASCO 

ARA ador  D W  SF is safe as 
masurcd b y  pwrh and abscncc of 
advmc c v e n ~ :  p w h  in the 
D W W  SF p u p  was kna rhan 
the CF group; no diflcrence in visual 
a c u q  kosecn groups. 

Ongoing.  Evaluating endogenous 
~ythen~ 0fLCPUF.U md 

cholatcml and physiological 
rcsponvs ro diEaent LCPUFA  doses 
and sources. 

No dil€crcnces Wan p u p s  UI 

p~rh or tolerance of himula; 
plasma RBC ofSF p u p  mainmined 
while CF p u p  declined. 

A l l  p u p s  had similar prrh ram 
ad tolmtcd all diets well. DHA or 
DHA+ARASFpupshadberrcr 
sweep VEP acuity at 6.17. and 52 
weeks of q e .  DHA SF p u p  had 
bmr visual acuity, equivalent to 
*one l i i  on an eye CM. Blood 
lipids and vipuel acuity of SF. p u p s  
similar m moSe of I” group. Blood 

l i p i d s  ad v i b l  acuity of CF group 
s i p i h a d y  Iowa &an a l l  p u p .  
R&cnt analysis (Unplblidd 
i n d i a t a a 6 I Q p o i a t ~ i n  
DWARA  SF p u p  b y  Bayley M D I  

at I8 months of age 

ARAandDHASFhadmactvesc 
~ O c r ~ o r d m i o p m e n t  
~ t s k d D W A R A S F g a ~ a e d  
wight more npidly and W C i g J d  

more than rfie CF p u p  through 12 
month of agc. Bayley Scales of 
Mmal ad Psychomotor 

the DHASCO/ARASCO SF p u p  at 
Devdopment Su)= wen hishcsr in 

11 months, but did not reach 
n r & i c a l  sigificana. No 
diikences in visual a c u i t y .  
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I )  CF 2) SF1 (O.ZK 6 weeks P I  13 The fotmulascontaining r U W C 0  
M O 2 %  DHA): 3) SF? and D W C O  (SF2 & 3 )  resulted UI 

SF3 (0.4% W O  2S% to rho* in rhe HM p u p ,  whle 
O W ) ;  5) HM supporting normal qoowth dunng the 

(0.32% A I w O . Z %  D U ) ;  4) plasma +RA and DHA levels sun~lar 

Erst 6 weeks oflik. 

I )  SF (0.45% D m +  0.45% 3 months rr20 A prescntariw at dx h u a i  Mc&n3 
ARA o f  3.6% Eat); 2) CF of the h e l i  Pcdiadc Society 
(Matcms Plus Mcshupan) concluded b a r  l o c a l l y  produced SF is 

sak and clhically d c i e o t  No 
~ W c r e O b v r V e d i l l  

developmenal maus at 3 
months. No e- 011 go& 
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Appendix 2 - References  for  Term and Preterm Infant Studies with DHASCO 
and/or ARASCO 

1 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Camielli, Virgilio P.,  Fabio  Pederzini,  Ingrid H.T. Luijenkijk,  Wendy E.M. B o w s ,  
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 huaan colostrum Pediatric  Research 35(5): p. 309A. 

Carnielli,  Virgilio P., Nynke Weisglas-Kuperus,  Fabio  Pederzini,  Irigrid H.T. 
Luijendijk,  Anneke A. Boerlage, Din0 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. 

Carnie&  Virgdio  P.,  Giovanna  Verlato,  Fabio  Pede*  Ingrid  Luijendijk, Ameke 
Boerlage, Dino Pedrotti and  Pieter J.J. Sauer (1998) Intestinal  absorption  of long- 
chain  polyunsaturated fitty acids in preterm mts fed  breast miIk or  formula 
American  Joumal of Clinical  Nutrition 67: 97- 103. 

Clandinin T.M., J.E.  Van  Aerde, A Parrott, C.J.  Field, AR Eder, and  E.L.  Lien 
(1997) Assessment of the  efficacious  dose of arachidonic  and  docosahexaenoic  acids 
in preterm  infsnt formulas: f%ty acid  composition of erythrocyte  membrane  lipids. 
Pediatric  Research 42: 8 19-825. 

Dam& Aynur, UrsuIa von  Schenck,,. Uta Clausen, and Berthold  Koletzko (1 996) Effects 
of Iongchain potyunsaturated fatty acids  (LCPUFA) on early visual acuity and  mental 
development of pretexm bhts. AOCS PUFA in InEtnt Nutrition Meeting, Barcelona, 
spain. 
Foreman-van  Drongelen, Magritha M.H.P., Adriana C. v. Howehgen, Arnold D M  
Kester, Carlos E. Blanco, Tom H.M. Hasaart, and  Gerard Hornstra (1996) Itifluence 
of feeding artScial fbrmuIas containing docosahexaenoic and arachidonic  acids on the 
postnatal long-chain poryunsatUrated fatty acid status of healthy pretem inf8ns. 
Brirish Journal of Nutrition. 76: 649-667. 

Gross S., J. Vanderhood 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. Pram&  and A Euler (1997) A new  arachidonic  acid (AM) 
and  docosahexaenoic  acid @HA) supplemented  preterm formula: effect on plasma 
and  erythrocyte  phospholipid fatty acids. Pediatric  Research 41(4): 232A 

Vanderhoof  J., S. G r o s s ,  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. Pram& and A. Euler (1997) A new  arachidonic  acid (AM) 
and docosahexaenoic  acid @HA) suppIemented  preterm form& growth and safety 
assessment. Pediatric  Research 41(4): 242A. 

~f3089A 
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Formula on Growth,  Tolerance,  and  Plasma  Lipids in Preterm  Infants up to 48 Weeks 
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IO. Hansen, I., D. Schade,  C. Harris, K. Merkel, D. Adamkin, R. H a l l ,  M. L i m ,  F. Moya, 
D. Stevens, and P. Twist (1997) Docosahexaenoic  acid plus arachidonic  acid  enhance 
preterm infant growth Prostaglandins  Leukotrienes  and  Essential  Fatty Acids 
57(2): 196. 

1 1 .  Diersen-Schade, D.k, J.W. Hansen,  C.L. Harris, K.L.  Merkel, D. D. Wmnt, and 
J.A. Boettcher  (1999)  Docosahexaenoic  acid  plus  arachidonic  acid  enhance pretem 
infant growth. In Essential  Fattv  Acids  and  Eicosanoids:  Invited Papers fiom the 
Fourth International  Congress,  Rudolph A. Riemersma, Roma Annstrona, Rodney W. 

’ Kelly,  and  Robert Wilson, editors, AOCS Press, C h a m p a i g n ,  IL, pp 123-127. 

12. Monoiis, S., J i i n e  R, Carbonell, X, Figueras, J., Martinez Valverde, A, Vento, 
M., Perez Godez, J., Casanovas Bellido, M., Banque  Molas, M. (1997)  Evaluacion 
de aceites de organismos  unicelulares  como  fuente de LC PUFAs @HA/AA) en uno 
formula de prematuros. SVI National Congress of Perinatal  Medicine, Cadiz, Spain. 
Abstract # 569. 

13. Birch, EiIeen E., Dennis R Hofban, Ricardo  Uauy,  David G. Birch, and Claude 
M d g e  (1998) V i  acuity and the essentiality of docosahexaenoic  acid  and 
arachidonic acid in the diet of term &s. Pediatric Research 44: 201-209. 

14. Carison, Susan E., Sunil Mehra, W&m J. Kagey, XSjmberIy  L. Merkel, Deborah k 
Diersen-Scbade, C h e r y l  L. Harris, and James W. Hansen (1999) Growth and 
development of term k h t s  fed formulas with docosahexaenoic  acid (DHA) kom 
algal oil or &h oil and  arachidonic  acid (ARA) fiom mal oil. Pediatric Research 
45(4)0: 278k 

15. G~hon, R, M. =des, M. Neumann, J. Hawkes, K. Pram& E. Lien,  and A. Euler 
(1997a) A dose response study of arachidonic acid in formulas containing 
docosahexaenoic  acid in term hfints. Prostaglandins Leuhtrienes and  Essential 
Fatty Acids  57(2): 198. 
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1639 Poster  Session 111. Monday 5.3 (poster 67) 
Growth and Development dTcrm Inlank Fcd Fomuhs with Docosahexaewie Acid (Dm) from Algal Oil 
or F i  oil: and Arachidonic Add (Am) frwn Fangal Oil 
Susan E Cadson. Stmil M e h  William J Kazev. K i m M v  L Makel. Deborah A Diersen-Schade. Chew1 L 
Hank J y m s  W Hansea Schools of Nuning and Medicine, Univ. of Missouri. Kansas City. MO. Oshawa Clinic. 
Oshawa Ontario. CAN. his Gde C h i c .  Salem VA -Mead J o h s o n  Research Gnter. Evansville. IN 
Backmund In several published. mdomized mals of pmmn and em infants. infants fed fonnuia'with  the n-3 
fatry acid DHA had  higher ncunl  dcvebpmcnt than i n f a n t s  fed f m u i a  containing  the DHA precucso'. 
a-iinolenic acid. but no preformed DKA. However. prevrm infants fed DHA also experienced lower growth in 
xveraI aids. the possible result of  not  including &e a-6 f q  acid XRA. a nectssy)r factor  for p& This  study 
evaluated whether ARA wirh DHx prevented the lower growth seen with DHA alone. Methods. This multicenter. 
randomized. double-masked trial corn" fm-year growth of term (3941 wk PMA). AGA infanrs fed  formula 
without DHA and ARA (Control. C) with that of infants fed experiment;ll formulas with DHA (03% of total fatty 
acids) and ARA (0.69 of t d  fatty acids). One expexiimental formula contained tisb oil DHA and fungal oil ARA 
(S-FEL 'Thc othcr contsined dgd oil DHA and fungal oil AM (S"). Effects of D m  and AIW on visual acuity 
(Teler Acuity Card procedure. TAC) and the Bayley scales of Mental (MDI) and Psychomotor 
Development(PDOwere- assessed s KCO- aims. At baseline (05 mo), 377 infanu were divided among the 
&see =pups with 335 of these im-ants ( 1 I2 C. I 13 S-FF. 1 10 S-AF) returning to be studied ax 1 mo. and 39-3- 
infants (107 C. 1 0 9  S-FF. 1 0 6  S-.W returning to be studied at 4 mo. Results. S-FF and S-AF had higher weight 
pin between 05 mo and 2 mo (34.4 $d. p=O.WI and 35.1 g/d pd.007. respectively) than C (32.1 gd) .  
Similuty. S-FF (2S.4 g/d. p=$).Ojltand S-AF C 9 - I  $d. p=0.002) gained more rapidly than C (26.7 $dl between 
OS and 4 mo. Body weights of S-FF and S-.4F were somewhat higher (not significantly) than C at 6.9 and 12 mo: 
the m a s  for length and head circumference were virtually ident id  in dl three diet -groups at dl study ages. Visual acuity did not differ at any of the  assessment ages (4.6 or I? mo). Mean 12-mo M D I  and PDI scores were 
S-AF > S-FF > C. but did not rrxh significance for an effect of d in  with 93 C. 86 S-FF and 97 S-XF studied at 
I2 mo (p=O.3 1 and p=O. 15. rcspcctively 1. Summan*. Infvlu fed the expenmend formulas with DHA and ARA 
gained weight more rapidly than the control ="roup from 0.5 to 1 mo of age. and weighed somewhat more than the 
conml group  through 12 mo of age. MDl and PDI scores were higher In the e x p m e n c d  groups than the control. 
but did not reach wuisticai  significance as the study was designed to detect a 5-pt or larger effect oi dirt. Whlle 
visual zcuity was not higher 3t 4. 6 or I2 mo. several othcr studies have found higher acuity at 2 mo but  not at 
thee ages i n  infants fed DHA Conclusion.  Supplementation with DHX and ARA imd early weight gam and 
m y  have improved first year neural development of term infants. Feedins fish or algal and fungal 011 sources of 
DHA and ARA for the tint year h d  no adverse effecrs on growth ;urd development. 
Mead Johnson Research Center. Evansville. [X 
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Dietary  Docosahexaenoic  Acid @HA) and  Visual  Maturation  in the Post-Weaning Term 
Infant. D.R Hoffman'$, E.E. Birch", Y.S. Castaneda', S.L. Fawcett',  D.G.  Birch'*3, R.  Uauy' 
Retina  Foundation  of  the  Southwest,  Dallas, TX'; Dept.  of  Pediatrics2 & Dept. of 
Ophthalmology3, UT Southwestern,  Dallas, TX 
Pumose. 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;  Enfami$  with no DHA or AA) or  Enfamil@  formula  enriched  with 
DHA (0.36%) and A4 (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% fiom  the  weaning  level  (4.6% to 2.3% of total 
fatty  acids)  while the DHA+AA  enriched  formula  group had a 3 1% 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 @<0.0005; 0.152 
vs. 0.255 10- 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 DW+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 A T  PHYSIOLOGICAL LEVELS DO 
NOT ALTER SERUM CLINICAL INDICATORS OR ORGAN  WEIGHTS  IN PIGLETS f E D  FROM BIRTH TO 
ONE MONTH. 
M.C. Huang,  A.  Chao, R. Kirwan, C. Tschanz, J. M. Peraita', 0. A. Diersen-Schade2, S. Cha, J. T. Brenna. 
Division  of  Nutritional  Sciences  and  'College  of  Veterinary  Medicine,  Cornell  University,  Ithaca, NY, and 
*Mead-Johnson  Nutritionals, 2400 West Lloyd Expressway, Evansville, Indiana, USA 
Single  cell  oils  are  currentfy  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 AAiDHA = 0, 34/17, 
68/34, and 170185 (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. 
All  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 body  weight, for liver,  brain,  heart,  lung, 
spleen,  kidneys, or lung. Hematoxylideosin  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 in 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 b r  presentation at the 4* International 
Conference of the International Society for the Study of Fatty Acids and Lipid OSSFAL). 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 polyunsaturares in neonates. The tested oils were DHASCOm  and W S C O T M ,  
manufactured by Mamk Biosciences, Inc 

Sincerely, 
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.&%IERIC;LY SOCIETY FOR BIOCHEMISTRY A.D 
SIOLECULAR BIOLOGY 

Program number 20.9 Poster S77 is  now scheduled in session 
657, poster  board B49A 

Program number 6.14 Poster SI4 is now scheduled in session 
429, poster  board B 124A 

Propam number 27.1 Poster R1 is  now scheduled in session 
457, poster board B106A 

Program number 637 Poster S37 is now scheduled in session 
694, poster  board B 150A 

Program number 27.6 Poster R6 is now scheduled in session 
1 7 ,  poster  board B36A 

The ASBMB Public  Affairs Meeting scheduled to be  held March 
3 1 at 9:OO Ab1 in the Rosen Centre has been cancelled 

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

AMERICAY SOCIETY FOR PILmUCOLOGY k\iD 
E.VERIMENTAL THERIPElrTICS. 

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

The speakers' talk titles are as follows: 

RI. Shebuski:  Bridging  academic  and industrial discoveries in 
the process of novel drug development. 
B.R Lucchesi: Academia, industry, mining and research:  a 
parmeship with common goals. 
M.W. Decker: The  culture  and science of drug discovery: 
negotiating  the academididustrial interf'ace. 
M.D. Johnsox Application of novel technologies in preclinical 
pharmaceutical development: integration of diverse skill sets, 
indiivdual backpun& and outIooks to meet a  scientific  challenge. 

Sesion 155: Chemothera0V 
Prognm %55.14 will not be presented 

Session 707: Education W w  ov 

Wide W& 
S. R e m s '  talk title should nad: Clinical Pharmacolog 2 0 0 0  a 
web-based  clinical  drug  information  resource. 

Session 711: &gDiscovew and n e v w  
Absmt 7 1 1. I should have Scott Thomas l i s t e d  as a co-author. 

Sessioo 715: Fm 
Program $715.7 will not be presented ' 

. .  

The following abstract should appear in the late-brdng 
abstract  poster  session  titled,  "Neuropharmacolopy": 

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

K. Sasaki, L.-W. Fan, L.-T. Tien, T. Ma and I.K.Ho. Dept. of 
Phmacol. and  Toxicol.,  L'niv. of Mississippi .Med Ce., Jackson, 
M S  39216. 

This study was designed to investigate  the  involvement of mu- 
opioid  receptor and GABA(A) receptor in  anxiolytlc  action using 
mu-opioid  receptor  knockout  and  wild  type  fema(e  mice.  Elevated 
PhS-maZe  test  was used to assess axiolync behavior. Both mu- 
opioid  receptor  knodkout  and  wild type animals, 7-8 animals in 
each  group, received's dose of rnuscimol, 0.5 rngkg, s.c., 3 h after 
the pretreatment of morphine, 15 rngkg, s.c.. The anti-mxietic 
activities  were  monitered20 min a f t e r  the  muscimol &nistmnon. 
In another  experiment, both.groups received  a  dose of  naloxone, 
I .O mgkg, i.p.,  an opioid  antagonist, or (+)bicucullin, 2.0 mykg, 
i.p., a  GABA(A)  receptor  antagonist, 2.5 h after the morplune and 
30 min  before  the  rnuscimol  injection. In each  experiment  the 
control  mice  received  vehicle. The anxiety-related  behaviors were 
recorded for a period of 5 min by  VCR-recording  system  and 
were analyzed. The r e s u l t s  &OW that morphine enhanced rnuscimol- 
induced staying time  in  open arms by 280% in&ld 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 nansmission. 

AiMERIctty SOCIETY FOR NUTRITIONAL SCIENCES 

Poster Session 505 - Maternal and Infant Sutritioa 1 
Mon., 7:30 AM - 8:30 AM - Orange Couary Convention 
Center, Hall B 
Poster Board W 7 A  

Comparison of dietary sources o f  loag-chain  polyunsaturated 
fatty  acids (LCPUFA) in  the  neonatal piglet: Impact on 
intestinal and liver parameters. 
Susan A Mathem', Robert J HarrelI'. William T Oliver',  Jack 
Odlel,  Deborah A  Diersen-Schade:: 'North Carolina State 
University, Box 762 I, Raleigh, NC 27695-762 1, :bvlead-Johnson 
Nuuitionais, 2400 West Lloyd  Expressway,  Evansville, IN 47711 

Addition of arachidonic acid (AA) and docosahexaenoic acid 
@HA) to infant formula  promotes visual aid neural  development. 
This study was  designed *to determine if the source of dietary 
LCPUFA affected intestinal morphology (n=5), lacese activity 
(n=IO), apparent dry matter digestjbility (n=lO). or liver h i d o g  
(a=[()). Piglets had ad libitum access from day 1 to 16 of age  to  a 
skim milk-based  formula with different fbt sources addedto provide 
50% ofthe e n e r g y .  Formulas  included LCPUFA as follows: single 
cell  oil triglyceride (TG), esg phospholipid (EPL).  TG with 
phospholipid and chol~tero l   add4  to lnatch EPL (TWPL), and 
a conml with no added LCPUFA (a). Formulas wich LCPmA 

QQO228 



provided 0.6% of faay acids as AA and0.3% as DHA. Cn piglets 
had 40% longer  ileal  villi than the EPL  fed piglets (Pc0.03). but 
the TG and  TGCPL  fed  piglets werc similar to Cn. No differences 
were detected in villi width,  crypth depth, l a c t a s e  specific  activity, 
absolute liver  weights, or gross liver  histologic  parameters o. 1). 
Apparent dry matter digestibility  was 10% greater in the Cn, TG, 
and TGCPL  fed  piglets  compared  to  the  EPL fed piglets (P4.002). 
These data demonstrate that the  EPL source ofpreformed A4 and 
DHA duces villi length and apparent dry matter digestibility  and 
suggest that the  single  cell TG source  ofLCPWFA may be preferred 
for  supplementing infant formulas. 

.tMERICAH SOCIETY FOR NUTRm0NA.L SCIENCES 

Poster Session 4% - Dietary Intake and Clinical Dietetics 
Moa, 7:30 AM - 8:30 AM - Orange Country  Convention  Center, 
Hall B 
Poster Board B380A 

Patterns of U s e  of Supplements containing Iroa among Women 
of Reproductive Age in the United States. 
Usha Ramnloishnan', M o m  Hickey', Lam Kettel Khan2, Mary 
Cogswellz:  'Emory  University, Atlanta, GA  30322, Tenters for 
Disease Control and Prevention, Atlanta, GA 
Introductioa: The  promotion of muitivitamin miaeral(") 
supplancnfs coataining iron (Fe) has been suggested for women 
of  reproductive age who arc at incrrased risk for iron deficiency. 
Objective: To descrii and identi@ c o r r e l a t e s  of patterns of use 
of supplements containing Fe among women of rrproductive age 
(1249 y)  in the U n i t e d  States. Methods:  Details of supplement 
w including type, c o m p o s i t i o n  and of use in the past month wc~t obtained for 5924 women m the Third National Health 
andNutritionExaminationSlrrvey(MIANEsIIl), 1988-1994.Thc 
overall pattnas of w and socio-dcmographic comlatcs within 
racMthaiciry groups wcrc estimated using S u D M .  Resulk: 
Twenty-two percent cod supplanarri umtainkg Fe, of which 
763% reported daily use. Among s u p p l a a c n t  wrs, 78.1% used 
multi-vitamin  mineral combinations, 14.8% used Fe only 
supplements and 5.8% used both types a d  the mcaa amouut of 
Fe ingested was 26 mg/day for MVTM and 69.6 @day for Fe 
only s u p p l e m e n t s .  The use of nrpplancntp conraining Fe di&rrd 
significantly b y  racecthniciry group; 24.1% for NHW, 172% for 
~ ~ 3 , ~ ~ ~ ~ ~ ~ o r M k ~ ~ ~ d o ~ c s c c n r s ( 1 ~ - 1 ~ y ~ w e n 1 e s s  
likely to cozlsume s u p p l e m e n t s  compared to adult  women  (20-49 
y) k r  NHW (O.R4.38,95% CI: 025,058) aud IWB (OR4.47, * 

95% CI: 0.47,0.26,0.65). Post-partum status (4y) was positively 
associatedwithsupptementuseamongNHB~MAwomenaftff 
adjusting  for  age and other socio-demographic correlates. 
Education and income  were  positively  associated with supplement 
use in NHW women 
Coaclasioas: Groups at higher risk of iron deficiency,. e.g., 
Mexican American women  and  low-&me  women, arc least likely 

is unrelated to actuaI need. (Supported b y  NLH: HD-3453 1). 
to take supplaatnts containing iroq suggesting supplement use 

AMERICAN ASSOCUTION OF IMMUNOLOGISTS 
SUNDAI: April 01 
R o g r a m  Changes: 

Session 261: B W s S m & u m  MHC  Class I: Sauchue a 
Function 
The  following  presentation,  scheduled  for 8:OO &&I is cancelled 

Crystal Structures of Non  Canonical  Binding  Peptides: LOW 
Affrnity Vs High Affinity Binding [vasso Apostolopoulos', 
Minmin Yu', Geogtey Piered ,  Wenjun  Li?,  Luc Teflon', Ian 
McKenzieZ, Ian Wilson']'The  Scripps  Research  Institute, :The 
Austin  Research Instituie 

Session 269: B  Cell Deve- 
The  following  paper  will not be presented, 

Adenovirus  Transfection  with  Inducible  Nitric  Oxide Synthase 
(iNOS) Decreases Arginase  Activity  in  Bovine Pulmonary h e -  
rial  Endothelial  Cells  @PAEC) li(ate P Stanley, Louis G Chicoine, 
LeifD N e b ]  University of New  Mexico 

n 270 I: S- Fun- 
The  following presentation is cancelled. 

Crystal Structures of Non  Canonical  Binding.Pep@:  Low Af- 
finity Vs High Affiaty Binding wasso Apostolo~dulos', Minmin 
Yu', Geotlizy Pieteru', Wenjun Liz, Luc Teytonl, Ian McKendP, 
Ian Wilson']"The Scripps Research Institute, ZThe Austin Research 
lnstitutc 

The following prrsentation has been added. 
Aminopeptidase Trimming of Peptides in the ER is Required for 
ProperLoadingofMHCIMolecuIes[ThomasSawoldStephanie 
Gaw, Nilabh Shastri] University  of Califomia-Berkeley 

273: M- and 1 - a  
l % i b a h a .  
The following pmaltatim is cancelled. 

Tumor Necrosis Factor a-induced  Activation of Downstream 
NF-ICB site of the Promoter mediates Epithelial ICAM-1 Expres- 
sion  and N-pM Adhesion  :Involvement of PKCa, Tyrosine 
Kinase and MK2, but not MAPKs, pathway [Chingchow Chen. 

Tipei, 10018  Taiwan] 
Chian-Yi OOU: P h a r m a c ~ l ~ g ~ ,  N0.1, h-Ai Rd, In section, 

Vie following presentation is can~elled 

B 7 d ~ h t  c o s t i m u l a t i ~ ~  p-t in mice la~kh3 CD28 and m-4 w m  A O o s t c n v ~ l ~ ,  Didia A Maadelbd, Gor- 
don J. F m J ,  Arlene H. Shape4] 'UMC Uh'echt, %righam and 
Women's hospital 'Dana Farber Cancer htitiue, 'Brigham and 
women 

~ 8 8 2 2 9  



Program . I 

Addendum 
c 



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. Tschanr, J.T. Brenna" 
Cornell  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 oneday 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 On) and  three  different  levels  of  DHNAA at 1-fold (0.3%/0.6% FA;  "Diet  1") 
2-fold  (0.6%/1.2%  FA;  "Diet  2")  and  S-fold  (1.5%/3%  FA;  "Diet 5") 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 rnM H202, and  liver 
homogenates to various  concentrations  of Hz02 (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 Hz02 (1 0 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. 

Page I 6008231 
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