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Background 

Following the 3rd Congress of the International Society for the Study of Fatty Acids and Lipids 
(ISSFAL) in Lyon, France, June l-5,1998, the ISSFAT, Board of Directors agreed to convene a 
workshop on the essentiality of and DRJs for omega-6 and omega-3 fatty acids. An international 
group of experts will present reviews and new data in a round table format with ample time left for 
discussion. The participants will include speakers and discussants from the National Jnstitutes of 
Health, other government agencies, academia, industry* non-profit organizations, the World Health 
Organization, the Food and Agriculture Organization, and the Food and Nutrition Board. 

. 

.Venne 

The Workshop will be held in the Mary Woodard Lasker Center for Health Research & Education 
(The Cloisters, Building 60) at the NationalJnstitutes of Health in Bethesda, Maryland, USA. 

. 

0, Conference Secretariat 

The Center for Genetics, Nutrition and Health, 2001 S Street, NW, Suite 530, Washington, D.C. : 
20009 USA, phone: (202) 462-5062, fax: (202) 462-5241, e-mail: cgnh@bellatlantic.net. 

Hotel A&commodations 

We have selected The Bethesda Ramada in Bethesda, Maryland, as our hotel [8400 Wisconsbi 
Avenue, phone: (301) 654lOOOJ, since it is within walking distance of the N#ional Institutes of- . 
Health (NIH). Parking on the campus of the NIH is very limited. The Mkdical Center Metro stop 
(Red Line) is on theNlH campus. 

Conference Cochairs 

Artemis P. Simopoulos, M.D..(USA) 
. 

?Jorman Salem, Jr., Ph.D. (USA) 

Alexander Leaf, M.D. (USA) . . 
spisors~ 

0 National Institute on Alcohol Abuse and Alcoholism-NM 

Office of~Dietary~Supplements-NIH ’ . 
i 

http%dpdaih.&nk&m&onf 4exww6w3~abstra&Jl&~ 

.. . 
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The Center for Gektics; Nutrition and Health 
0 . - &x-national Society for the Study of Fatty Acids and Lipids 

5 
National Institute of Child Health and Human Development 

cosponsors 

BASF Corp.,USA 

BASF Health & Nutrition A/S 

Bestfoods _ 

F. HofIinann-La Roche, Ltd. 

Groupe Danone . 

K&l Foods, Inc. 

0 Martek’ Biosciences Corporation 

Mead Johnson Nutritionals 

OceanNutrition Canada; L&l. 

OmegaTech, Inc. 

Roche Vitamin& Inc. 

Workshop on the Essentiali@  of and Dietary Reference Intakes @RI;) f@r Omega-6 
and.Omega-3 Fatty Acids 

National Institutes of Health, The Cloisters 

April 5-9, 1999 ._ . 

.a : WEDNESDAY; APRiL 7,1999 

Wekomirzz 2Iekz& - ‘Enoch G&is, M.D., NIAAA-NIH . 

httpJ/odp.od.nkgc&d&ebsfco&xen&w6 w3+strac&.html 
. 
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Workshop On the Essentiality of Omega-6 and Omega-3 Fatty Acids 

_. ._, .. _ _. 

Claudio Galli, M.D., President, ISSFk 
. 

e 
_ 

. 
Session I. Principles to. be Considered in Determining &senhality and DRIs 

&chairs: Artemis P. Simopoulos, M.D. 

Harald S. Hansen, Ph.D., D.Sc. 

9:OO - 9~30 am. Criteria for Determining Essentiality and Standards for DRIs 

Vernon R *Young, Ph.D., D,Sc.. 

9:30 - 10~00 a.m. Essentiality of Omega-3 Fatty Acids 

Arthur A. Spector, M.D. 

1O:OO - 10~30 a.m. Defining the Omega-3 Status in Mammals 

‘Andrew J. Sinclair, Ph.D.. 

10~30 - 11:OO a.m. Coffee Break .’ 

0 11:OO - 11:30 a.m. An Evolutionary View of Diet Recommendations 

S. Boyd Eaton, M.D. 

11:30 - 12:30 p.ni. &wssant and Gkneral Discussion 

Ha&d S. Hansen, PhD., D-SC. 

12:30 - 2:OO p.m. L.unch 

Session II: Essential Fatty Acids and Central Nervous System Function. 

Cochairsz N&man Salem, Jr., Ph.D. 

William C. Heird, M.D. . 

2~00 - 2~30 p.m. Evidence for the Essential Nztme of DhY for the Human &d Rat 

N-system ..'. 

Nonnan Salem, Jr.; Ph.D. 

0. 2~30 - 3:OO p.m. DfL4 &ppkmentation of Bieatrtfeeding Mothers= Efl&ts on Maternal . 

P&ma and Milk Fatty Acids, Infant @&na Fatty Acids, ?nfant Vii 
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‘0  Func tio n  a n d  In fa n t N e u r o d e v e l o p m e n ta l  S ta tus  

W il l iam  C . H & & l, M .D. 
l 

3 9 0  -  3 :3 0  p .m . & M o n a 1  Bas is  fo r  th e  Im p o r tance  o f o m e g a - 3  Fa tty A cids in  R e tina l  

a n d  C N S  D e v e l o p m e n t 

M a r th a  Neur inge r , P h .D. -. 

3 ~ 3 0  -  4 ~ 0 0  p .m . Z o n g  Cha in  P o i jwn+araks  a n d  H u m a n  V isual  D e v e l o p m e n t . 

E i leen B irch, P h .D. 

4 :0 0  -  4 ~ 3 0  p .m . C o ffe e  B reak  . 

4 1 3 0  -  5 :O O  p .m . 2 X e  E ffe a  o f D H A  o n  Hos tility 

: T o m o h i to  Hamazak i , M .D., P h .D. 

5 :0 0  -  5 :3 0  p .m . O m e g a - 3  Fa tty A cids in  M o o d  Disorders  

0  A n d r e w  L . S tall, M .D. 

5 :3 0  -  6 :3 0  p .m . Discussants a n d  G e n e r a l  Disct i~n . 

P e te r  W illatts, P h .D. 

Joseph  H ibbe ln , M .D.. 

7 :3 0  -  1 0 1 0 0  p .m . l% n n &  a t th e  B e th e s d a  R a m a d a ’ 

: 

T H U R S D A Y , @ R U , 8 ; 1 9 9 9 ’ 

Sess ion  III. Card iovascn iar  D isease 

Cac ti A lexander  L e a f, M .D. 

R a ffae le  D e  C a te r ina , M .D., P h D . 

l . . 9 0 0  -  1 0 :0 0  a .tm . P o lvksaturated Fa t&  A ci&  a n d  & rd iovasc&wDi&zse  

A lexander  L e a fj M .D. ._  . . 



Workshop oh the Essentiality of Omega-6 arid Omega-3 Fatty Acids. . Page 6. sur 59 

i ._ . - . . .__ 
e 1O:OO - i&30 a.m. n-3 Ipdrynsaturated Fatty Acids Inhibit @‘X+2’ Expression 

. 
RafTaele D? Cateriua, M.D., Ph.D. 

i 

lo:30 - 11:OO a&. Coffee Break 

11 :OO - 11:30 a.m. Alpha-Linotenic Acid in the Prevention of Cardiovascular D&ease 

Serge Reuaud, M.D. 

11:30 - 12:00 pm. Omega-S’LongChain PUFA and Ttiglyceride Lowering: Minimum 

Effective Wakes’ 

. William S. Hanis, Ph.D. 

12:00 - 12:30 p.m. Eficacy of n-3 PUFA and vitamin E in l1,324post-MIpatient: 

Results of GISSI-PREVEZVZlONE 

0 Roberto Marchioli, M.D. 

12:30 - 1:00 p.m. Discussaut and General Discussion . . 

W illiamE. Lauds, Ph.D. . . 

MO - 290 p.m. Lunch 

Session IX RelationshIp of Essktiai Fatty Acids to Sat&rated, Mononnsat&ated, 
and Tram Fatty Acids 

Coch Claudio Galli, M.D. 

Audrew J. Sinclair, Ph.D. 

2100 -.2:30 p.m. ketatio?iships Between Skturate~ Monounsaturated, Pol$n.$aturated 

. Fatty Acids: Dietaly Data vs. Data porn Ptasma Fitty Acid and . 

L@idAna&ses a 
Claudio Galli, MD. 
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2:30 - 3:OO p.m. Nutritional and Metab& Interrelationskips Betwe&. Omega-3 

Fatty Acids and Trans Fatty Acids 

B@ce J. Holub, IkD. 

3;OO - 3:30 p.m. Coffee Break 

3:30 - 4:00 p.m. Choice of iUonounsaturated, Trans and Omega-3 Fatty Acid-Rich oils 

for the Prevention of Excessive Linoleic Acid Syndrome 

Harumi Okuyama,M.D. 

400 -‘5:00 p.m. Discussion ’ 

FRIDAY, APRIL 9,1999 

e Session V. Dietary Recommendations and Omega-6:Omega3 Ratio (LA, LNA, +IA, 
EPA, DHA) 

Cacti Peter RC. Howe, Ph.D. 

B&e J. Holub, Ph.D. .. : 

9:OO - 920 am. Intakes of Dietary Fat& Acid in the United States: Rest& from the USDA’S 1994- . 
I996 Continuing Survey of FoodInt& by Individuals 

GaryJ.Nelson,PhD. 

9:20 - 930 am. World Health Org anizaiioallpan A&&an Health Organization 

(Status of EFA Workbide) 

Manue1Peik1,M.D. . 

230 - 240 a.m. n-3 Fatty Acid& FoodSuppl, Food Comp&& ., . 

and Food Consumption Data 

a William D. Clay, Ph.D. . . 
. 

9:4q - 952 a.& BASF!s Ap@roach to Cbrkkialikation 6f L&g w 
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Omega-3 Fatty Acia!s . : 

0 
: * 1 

Herbert ti. Woolf, Ph.D. 
. r 

952 - lo:04 a.m. Essential Fat@ Acids and the Produck of the Groupe Danone . . 

for Human Nutrition 

Dominique Lanzmann-Petithory, M.D. 

lo:04 __ 10: 16 am; Advantages and Disadvantages of the Use of F%z,x Seed as a Source of Omega-3 

Paul A. Stitt, PhD. 

10: 16 - 10~28 a.m. Omega-3 LC-PUFA Zfiom a Health Concept to Foods ii the Shelves . 

Reto Muggli, Ph.D. 

l&28 - lo:40 a.m. Infant Formulas with no DhY or ARA.. Are They Causing Harm? 

David J. Kyle, Ph&. 

0 10~40 - 1l:OO a.m. Coffee Break 

11:oO - 11~12 a.m. Cliliical Safq Studies of LCPUkA Suppkmtktation of &mature and Term . 
Infant Formulas .. 

James W. Hansen, M.D., Ph.D.. I 

11: 12 - 1 I:24 a.m. Omega;3 Long aain PUFA II Closing the Nutritional Gap . , 
. 

Jacques Boudreau 

11:24 - 11:36 am. OmegaTech, fit. 

W illiam R Barclay, Ph.D. 

11:36’- II:48 a.m. Safety ‘of Omega-3 Products Based on Fish Oil as Starting IUaterial . 

BjomRene 

0’ 

11:48 - 12:OOp.m. Other 

. 12:OO - 1:OO p.m. Discussants knd General Discussion . . 

00-11-16 
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a Bruce Holub, Ph.DI - 

Rebecca Costello, Ph.D. 

1:00 - 2:00 p-m; Lunch 

Session VII. Conclusions and Recomtiendations 

&chairs: Alexander Lea& M.D. 

Artemis P. Simopoulos, M.D. 

2:00.- 590 p.m. Roundtable Di3cwsion 

ABSTMCTS 
Wednesday, April 7,lPPP 

0 Session I. Principles to be Considered in Determining Essentiality and DRIs ’ 

Criteria for Determining Essentiality and Standards for ORIs 

Rmon R Young, Ph.D., D.&z 

. Massachusetis Instirirte of Technology, Cambridge u4.02I39, UsA 

This introductory presentation to the workshop will begin wkh an initial, brief statement about the . 
importance of knowledge on the quantitative needs for nutrients and the multiple uses of nutrient- . based dietary reference values. From this introduction we will turn to (i) a consideration of the. 
evolving conceptual and factual basis underlying the “essentiali~ of nutrients and (iii the detinition 
and description of dietary reface intakes (DRIs). The latter include (following the structure 
proposed and applied recently by the US Food and Nuttition BoardIktitute of Medicine/National 
Academy of Sciences):- Estimated Average Requirement (EAR); Recommended Dietary Allowance 
@DA); Adequate Intake and Upper Tolerable Level (UL). The most useful DRI is the EAR, the ” 
reasons for which will be examined, Then a detailed discussion will follow with respect to the 
establishment of DRIs, inchuling an emphasis on (a) the choice of the criterion (criteria) of nutrient. 
adequacy chosen to establish a specific DRI and (b) the approach(es) that might be taken and data 

. that are de&able to achieve this goal. The importance of seeking a congruence of evidence, where. 
this is possible, in arriving at a DRI will be emphasized, by example. Finally some sugge&ons will 

l 
be made with respect to the setting of DRIs for omega-3 and omega4 fatty acids. 

Essentiality of Omega-3 Fatty Acids 

Arthur A. Spector, M.D. 



__ . . 
! . .. - 

e 
Department of Biochemistry, Univqdy of Iowa College of Medicine, 

Iowa City; Iowa 52242, &‘A . 

There is a growing consensus that omega-3 fatty acids are essential nutrients for humans. Much of 

the evidence is based on physiological me asurements such as neurological development and visual 

acuity. To bet@  understand why this class ofpolyuusaturated fatty acids is required, wemust 

determine the biochemical basis for the essentiality. O f the eight fatty acids that comprise the 

omega-3 metabolic pathway, the two that are most likely to have essential biochemical functions are 
eicosapentaenoic acid (EPA) and docosahexaenoic acid @HA). 

EPA can be converted to prostaglandins, thromboxanes and lipoxygenase products. However, no 

essential role for these EPA-metabolites has been reported, and it seems unlikely that the formation of 
these products is the reason that omega-3 fatty acids are essential. When elevated amounts of EPA are ’ 
available, the incorporation of arachidonic acid (AA) into cell phospholipids and its conversion to 
eicosanoid mediators is reduced. Thus, EPA acts as a competitive inhibitor of AA, and this probably 
accounts for some of the beneficial effects of omega-3 fatty acids in the treatment of cardiovascular 
and inflammatory diseases. While the possibility that EPA is essential in order to modulate the effects. 
of AA cannot be ruled out, the amounts ordinarily present in the plasma and tissues probably are too 
low to competitively inhibit the actions of AA. Therefore, modulation of AA metabolism is more 
likely to be a pharmacolog@ effect of omega-3 fatty acid supplements rather than an essential 
physiological function. 

The basis for considering DHA as the biochemically essential omega-3 component is much more , 

compclliug. DHA is the most abundant omega-3 fatty acid in most tissues, and it is present in large 
. amounts in the brain and retina. DHA is the omega-3 fatty acid mquired for normal development of. 

the nervous system and optimum visual acuity. Furthermore, when an omega-3 fatty acid deficiency 
exists, the body compensates by replacing it with the corresponding fatty acid of the omega-6 series, 

. omega-6 docosapentaenoic acid (DPAn-6). These findings strongly suggest that DHA has an essential 
biochemical function. The most likely possibility is a membrane structural effect involving the 
packing of phospholipid head,groups or the interaction of the lipid domains with membrane proteins 
The lip$ls that contain the highest percentages of DHA are ethanolamine plasmalogen, 
phosphatidylethanoknine and phosphatidylserine. Therefore, it ik likely that the function of DHA 

’ involves the metabolism, trafficking or physical properties of these phospholipids. O ther possiiilitie~ . 
that must be considered include the conversion of DHA to a lipid mediator, binding of DHA to a 
nuclear receptor that regulates gene expression, or formation of a DHA-centered fke radicah . 
-A central queStion concerning the essentiality of omega-3 fatty acids is why DHA rathex than @e 

a corresponding member of the omega-6 series, DPAn-6, fulfills this purpose. The usual Western diet ,. 
contains 10; to 20-times more omega& fitty acid, and the same metabolic pathway is utilized by both, 
fatty acid classes. One possibility is that DHA is utilized more efficiently than DPAn-6. 



- . 

However, studies wk neural cells in culture indicate that there is no appreciable difference in the 

uptake, retention or incorporation into phospholipids of DHA as compared with DPAn-6. While. 

more detailed measurem ents may reveal a functional difference between DHA and DPAn-6, no 

such evidence is krrently available. This suggests that DHA is utilized rather than DPAd-6 because 
it is more avaiIab3e to the tissues. Although the absolute amounts of these fatty acids in the plasma 
lipids are very small, there ordinarily is about five-times more DHA than DPAn-6. lWhermore, the 
main product formed by cultured astrocytes from omega-3.fatty acid precursors is DHA, whereas the 
main omega-6 product is AA. Astrocytes are the site where most of the polyunsaturated fatty acid 
precursors are elongated and d&&rated in the brain. Thus, much more DHA than DPAn-6 appears 
to be available in the central nervous system. 

These findings suggest the following hypothesis regarding the essentiality ofomega- fatty acids. 

Certain tissues,especially parts of the central nervous system, require a-relatively large amount of a 
22carbon polyunsaturated fatty containmg a 4,Sdouble bond for optimum fruxtion. The omega-6 
metabolic pathway cannot satisfy this requirement because it operates primarily to produce AA for 
-eicosanoid and inositol phospholipid synthesis. While some docosatetraenoic acid (22z4n-6) is made, 
it is primarily retroconverted to AA rather than proceeding down the pathway to form DPAn-6. 
Therefore, even though more omega-6 fatty acid precursors are available, the omega-6 pathway 
cannot produce enough DPAn-6 to satisfjl tissue requirements. By contrast, the main product of the 
omega-3 pathway is DHA, not the 2O-carbon iutermediate. This fundamental 

difference in the operation of the polyunsaturated fatty acid metabolic pathway is likely to be the 

biochemical reason why omega-3 fatty acids are essential. 

(Supported by NIH grants HL49264 and CA66081) . 
, 

Defining the omega 3 statns in mamm& 

AJSinclair, Ph.D. 

Department of Food science, RMW Unive&ty; Melbohne, Victoria, Au&&a 3001 ... . 

This talk exam&s thy status of omega 3 poly&saturated fatty acids (PUPA) as essential nutrients in 
mammals. The first issue to be addressed is the importance. of having a surrogate champion.@kh 
promotes the cause of a nutrient on a daily basis. The question, what is your choZestero2 level, is a 
message which sustaks the cholesterol-heart disease story. Clearly, despite the important of anti- 
oxidants,,fibre, folate and anti-platelet therapy in CHD* chokaterol has been a survivor. Do the 
omega 3 PUPA have such a champion? In other words, do wehave the data to support the importance 
of these essential nutrient, the existence of the MRFIT data and the more recent secondary 
prevention data t?om France and India provide strong support for the essentiality of the omega 3 
PUPA. 

The history of the FiFA rev&Is ,jhat the Vega 3 PUFA were ignored by mosf fk 40 years or more. 
. 

http%dp.od.nih.gov;odshew&onf eJIkwb6w3-*.html : 004 l-16 
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Why is this so? Iftheirdietary~absence was associated with more obvious clinical symptoms, there is 
no doubt there might have been an omega 3 champion The rather subtle effects of the.dietary absence 
(or low intakes) makes it. hard to sell to the general public. For example, we know that ef%cts of 
deficiency on the electroretinogram (ERG) amount to a loss of a- and b-wave amplitudes of say 30+?? 
with perhaps other more substantial lossesin sub-components, however we cannot yet say what this 
might mean in terms of “vision” which is what the public relate to. Perhaps, we too often ignore the 
fact that in the EFA field there are substitute fatty acids which prevent complete absences of say 22 
carbon PUFA in the retina (e.g. 225n-6 or 22:3n-9 substitute for.22:6n-3 in omega 3 and EFA. 
deficiency, respectively). This argues for the importance of these types of PUFA in this tissue, 
however necessarily the availability of such substitutes reduces the physiological impact of a dietary 
deficiency. Perhaps, we should be loo&g for a tissue where it is pos&le to alter the DHA content 
without the substitute PUFA being present. Such a tissue is the guinea pig heart - with an AicA rich 
diet the level of DHA is less than 1% of the phospholipid fatty acids and it is only on the inclusion of 
DHA that the heart DHA level rises. Given the sound data showing the crucial role of omega 3 PIJFA 
and DHA, in particular, on cardiac function in otherspecie&ituations, surely this tissue in this 
species might be a useful research tool. . 

. In the early years, linoleic acid had a prominent role as an anti-cholesterol fatty acid, however since 
the 197of‘s the omega 3 PUFA have made a comeback in heart disease, vision and other diverse areas 
such as arthritis, bone development and neurological disorders. Where we currently stand is that we 
have much data on diet and the effect on tissue fatty acids, but relatively few data on exact intakes 
titrated against .physiological fimction. This is especially true in the omega 3 and el&roretinography 
field which was the first area where omega 3 PUFA (ALA!) Were shown to have a specific 
physiological role. Furthermore, much of our research could be criticized because there are-few 
studies where pure ALA has been used. It is surely no longer adequate to compare oil A (poor in 
ALA) with oil B (containing ALA) because of our ever increasing understanding of the potential 
actions of the many compounds found in the unsaponifiable &&ion of 

naturally-occurring oils. This highlights the need for pure ALA for research purposes. 

Finally, we might be responsible for diluting the message of essentiality for the omega 3 PUFA : . . 
.’ because of the many &qumentsf in house and in the public arena regarding the nutritional 

importance of ALA versusthe long chain PUFA (EPA and DHA). I think it is instructive to recall 
that the reseaich data show that ERG function is optimal in all animal models with dietary ALA and 
not dietary DHA and that the de Lorgeril and Singh data on secondary prevention indicate a role for 
ALAinthecardiacarea. 

An Eirolutionary View.of Dietary Recommendations 

k. BoydEaton, M.D. - 
. 

Emor)r @dve&ty, Atlanta, Georgia, U, 

. Traditional Research - satisfactory for preventing classical deficiency 

a. syndromes; less so for reducing chrdnic degenerative disease risks 

1. Clinical trials - generally focus on diagnosis or treatmen~,not prevention. . 
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l .2. Mechanistic studies - limitless possible study subjects; limited fund& 

facilities, and investigators. 
r’ 

3. Epidemiology - contlicting results emphasized by media.leading to public 
. 

confusion and skepticism. Examples: 

a. vitamin E, p carotene and lung cancer 

b. fat and corone heart disease 

c. fiber and colon cancer 

d. salt and overall mortality 

e. calcium and osteoporosis 

f. fat and breast cancer 

Need& Additional Approach - to focus future effortqreconcile past investigative discrepancies, and 
provide solid theoretical basis for entire field. .Viewing nutrition Corn the perspective of human 

0 
evolutionary experience might achieve these ends. 

Evolution and Nutrition 

1. Basic Premise - current humans are genetic Stone Agers; cuhural change 

since agriculture has exceeded capacity of genetic evolution to keep pace.. 
. 

2. Essential goal - determine character of human nutrition during Stone Age experience. -, 

3. Investigative approaches: 

a. analysis of recent forager subsistence patterns 

b. analysis of human skeletal remains - gross anatomy and radioisotopic 

c. archaeological finds - animal remains, botanical residueq implements 

d nutritional analysesof game animals and wild plant foods i similar to 

those available before agriculture 

-a 4. Modeling 

A(cqc)+v(cv~=dailyenergyintake 

00-11-16 
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e A and V 1 mean energy content @xl/g) of an.imal.and vegetable f& 

Ca and C’ - proportions of animal and vegetable foods, respectively 
i 

X - total.number of grams of food required to provide daily energy 

5. Previously reported results: 

a. Protein: 30-35% total energy 

b. Carbohydrate: 40-50% 

c. Fat: 20-25% 

Recently Revised Model Inputs 

1. Hunter-gatherer subsistence patterns 

a old mean: 35% animal : 65% plant (by weight) 

b. revised mean: 45% animal : 55% plant 

0 2. Improved assessment of game nutritional prqxrties 

a. old vievk - based solely on muscle meats (i.e. “selected cuts!‘) 

b. new view - hunter-gatherers actually consume “total edible,” hence fat 

content is 1.5 - 18%, not 1 - 5%. 

New Estimates: 

Mean macronutrient contribution (% total energy) 

a Protein 30-33% 

b. Carbohydrate 31-34% . ( 

c.Fat36% 

General FatCharacteristiw: 
. . 

1. Energy contribution similar to Mediterranean (arrd current American) 

e pattern; unlike Past Asian paradigk. 

2. But character off& is much diffkrent l&m U.S. pattern: 



a Paleolithic U.S. . . 

% saturated less more 

% Cl8 more less 

% Cl4 + Cl6 less more 

% monounsaturated more less 

% po@msaturatcd more less 

% C20 + C22 more l&s 

06 : m3 lower higher 

New Inputs Alter Essential Fat@ Acid Retrojections: 

Paleolithic CuxTen~ 

1998 Estimate 1999 Estimate American 

0 Total C20 + C22 3.01 g/d 5.79 g/d 0.80 g/d 

AA : ~03 LCP 1168 1.43 5.6 

Overall 06 : <u3 0.79 1.39 > 10.0 

Wednesdiy, April 7,199!I 

Sessioti II. Essential Fatty Acids and Central Nervous System Fktion 

Evidence for the Essential Nature of DHA in the Human and I+t NervokSystem 
. 

Norman Salem Jr., PhD., Rebecca Greiner, Toru Moriguchi, 

Jim Wi, P+iia Mena, and Ricardo Uauy 

Laboratory of Membrane Biochemistry & Biophysics, NLW& National IMitutes of Healtii, 
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-a A series of experiments were performed which: demon$tra?e that diets that are low in b-3 fw acids 
lead to low braixi DHA and also lead to losses in nervous system fimction, Diets were constructed thrirt 
xqied only in the amount of alpha-linokic acid intake derived from flax oil and adequate in lizioleic 
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.adid derived Corn safllower oil. No long chain (2OC or more)‘polyunsaturates were present m these 
diets. Rats were raised for three generations on these diets and animals were tested at adulthood in the 
second and third generation. Brain and retinal DHA was markedly depressed in the second and third 
generations with increases in the long chain n-6 polyunsaturates, especially docosapentaenoate 
(225n6). Accompanying this “reciprocal replacement” of DHA were significant losses in 
performance on behavioral tasks related to learning and memory. The n-3 deficient rats acquired aim 
olfactory discrimination task more slowly and made significantly more errors. This was significant as 
it extends the constellation of deficits described in n-3 deficiency to another sensory modality in 
addition to vision. Tn addition, n-3 deficient rats showed delayed escape latency in the Morris water 
Maze task. This was more pronounced in the third generation where the DHA deficit was slightly 
greater relative to the second generation. Motor activity was not significantly different between 
groups. The swimming speed and distance traveled was greater for the n-3 deficient auimals, yet they 
took a longer time to find the platform. In a subsequent memory test with the platform removed; the . 
deficient animals made fewer crossings of the former position of the platform indicating that the n-3 
adequate group better retained the memory of the position of the platform. This effect was 
particularly pronounced in the third generation. These experiments show that there are fimetional 
deficits associated with low brain DHA that may relate to sensory function, but it is more likely that 
they are due to losses in higher level functions related to information processing in the brain that are. 
n&essary for memory and learning. 

Iu the second series of experiments, the focus was on the level of alpha-linolenate necessary to 
support nervous system DHA levels. An artificial rearing system was used to control the EFA content 
of rat pup diet f?om day 5-l 8 of life. At weaning ratios of linoleate to alpha-linolenate of 10~1 and 
even 1: 1 did not produce the same level of brain DHA as a 1: 12 ratio or that of dam-reared pups 
whose mothers were fed a diet containing 1 .l% DHp? as well as other L-s, i.e., were well 
nourished. However, the 1:,12 ratio led to a decrease in brain,AA while the 1O:l ratio led to a slight . 
increase over the dam-reared level. There was a similar’.picture in the retina, with the exception that 
even the extreme cw of LAILNA of 1:12 did not support the same level of retinal DHA as that of 
dam-reared animals. The high LNA diet (1:12) again led to a significant decrease in retinal AA Thus 
it appears that increasin g the level of alpha-linolenic acid in developing mammals is not an entirely 
adequate solution to the problem of supporting the neural DHA at a level comparable to that of a well 
nourished maternal reared individual. Raising the n-3 content to a 1:l level does support a balanced 
EFA composition of the nervous system to a much greater extent that the 10~1 ratio, a ratio that h 
more typical of human infant formulas inNorth America. 

The third issue to be addressed is the applicability of these studies to humans. Essential fatty acid .’ 
metabolism was assessed in vim in adults and in infants of various gestational ages and bi weights. 
A controlled trial in adults demonstrated conclusively that linoleic acid is converted to am&donate 
and alpha-linolenate is converted to DHA. The rates of the n-6 metabolism appear faster than the ~3 , . 
conversions, hi Contrast to some previous findings. Increased levels of n-3 fatty acids associated with. 
a fish-poultry based diet led to decreases in deuterium incorporation in DHA. Smoking and alcohol 
intake were assoqiated with increased deuterium incorporation into DHA &m linolenate. Infants are 
capable of LA to AA and LNA to DHA conversion in viva withh the first week of fife even when 
born very prematurely (e.g., 1 kg BW). In fact, it was surprising that there was an inverse correlation 
of deuterium enrichment of DHA with gestational age. Although it is clear that premature and term . 
infants express EFA metabolic activity, it must be understood that these are trace level studies; the 

. metabolic activity towards DHA in particular is very limited and unlikely to be adequate to support 
rapid brain and organ DHA accretion during the first months of life. 

httpY/odp.od&.gov/ods!news/conf “n&tracts.html . 1 .&l-16 . 
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a Docosahexaenoic Acid @HA) Supplementation of Breastfeeding Women: Effect3 okMat&& 

Plasma and Milk Fatty Acids, Infant Plasma Fatty Acids; Infant Visual and 
ueurodevelopmental Function and Indices of Maternal DepresSion 

Craig L Jensen, Antolin M Llorente, Rdbert G Voigt, Thomas C Prager, J K Fraley, 

a 

l . 

. 

Yali L Zou, Marcia C Ben-etta and William C Heird, M.D. 

Children’s Nutrition Research Center, Department of Pediatrics, 

Baylor College of Medicine, H-ton, Taras, USA 

IX-IA, an important component of the structural lipids of brain and retina, is present in human milk 
but not in formulas currently available in the United States and it has been suggested that the better 
visual and cognitive developme@ of breastfed infants is due, at least in part, to the presence of DHA 
in human milk. However, the DHA content of the milk of U.S. women, which is dependent on 
maternal plasma lipid DHA and, hence, intake of u -1inolenic acid and/or DHA, is less than that of 
many other populations. Further, the DHA content of maternal plasma lipids decreases during 
lactation. Thus, it has been suggested that breastfeeding women and their infants might benefit tirn 1 
maternal DHA supplementation. Indeed, we and others have shown that materrial DHA, 
supplementation prevents the usual decline in maternal plasma lipid DHA content and increases the . 
DHA content of maternal plasma as well as that of milk and the recipient infantsi plasma 
phospholipid. Based on these data, we hypothesized that maternal DHA supplementation also would 
result in better visual and neurodevelopmental status of the recipient infants and lessen the incidence 
of maternal depression which, in epidemiological studies appears to be higher in populations with 
low DHA intake. 

To test these hypotheses,:wom&r were assig&d randomly and blindly to receive either -200 mg of 
DHA daily (n=80) or a placebo (n=65) for 120 days after delivery. Visual function of infants was 
assessed by transient visual evoked potentials (VI%) and visual acuity was measured by sweep VEP 
and the Teller Acuity Card Procedure at 4 and 8 months of age. T&ant neurodevelopmental status at 
12 months of age was assessed by the Clinical Adaptive Test/Clinical Linguistic and Auditory 
Milestone Scale (CAT/CLAMS) and the Gesell Gross Motor Developmental Quotient (GM DQ). 
Maternal depression was assessed by the Beck Depression Inventory (BDl), the Edinburgh Postnatal . 
Depression Scale @PDS) and the Structured Clinical Interview for Depression.(SCID). 

There were no differences at either4 or 8 months in VEP latency, VEP amplitude, sweep VEP acuity 
or Teller acuity between groups whose mothers did or did not receive DHA. There also were no ’ 
statistically significant differences in mean CAT (111.2 f 11.0 Vs. 107.3. f 9.3) or CLAMS (101.5 
f 16.0 ES. 100.9 f 13.9) scores of infants whose mothers did or did not receive DptA; how&r, the 
mean GM DQ of infants whose mothers received DHA was significantly greater than that of infants 
of mothers who did not (102.6 f 13.3 ys. 95.2 f 12.7; p=O.O3). The incidence ofpostpartum 
depression as assessed by BDI, EPDS or SCID did not di& between groups and was lower than 
%expected in both groups. 

We conclude that maternal DHA supplementation maintains or increases the DHA content of 
maternal plasma lipid’and increases the DHA content ofboth maternal milk and the lipids ofhfbnt . 
plasma. However, in this study, these positive effects of maternal DHA supplementation were not 

htt&/odp.od.nih.goihds/.new&on&rencesk6w3 ~.hti 00-11-16’ 



. w WASIlVp wn me r=ssenual~ty 01 Umega-6 and omega-3 Fatty Acids . Pagel8sur59 . 

. 
. . .. accompanied by better visuai function, visual-motor problem-solving ability or language 

. 

.’ 0 
development ofthe recipient infant and also did not affect the incidence ofmatemal depression. On 
the other hand, maternal DHA supplementation resulted in the recipient infants having somewhat 
better indices of motor development at 12 months of age. These data, therefore, do not support our 
hypothesis that maternal DEIA supplementation improves visual and neurodevelopmental status of . 
the recipient infant’or lessens the incidence of maternal depression. They provide little support for the 
concept that breastfeeding mothers require supplemental DHA. 

. 

Functional Basis for the Importance of Omega-3 Fatty Acids 

in Retinal and CNS Development 

Martha Neurjnger, Ph.D. 

a 

Department of Medicine and Ophthalmology, 

Oregon Health Sciences University, Beaver-ton, Oregon, US4 

Infants fed standard infant formulas lacking DHA have low blood and tissue levels of DHA 
compared with those receiving pre-formed DHA or human milk. Whether dietary intake of omega-3 
fatty acids has a substantial impact on CNS levels depends on the infant’s stage of development and 
prior nutritional status. Preterm infants, who are at an earlier stage of brain development and of DHA 
accretion, are at greater risk than term infants of failing to achieve normal DHA levels in the retina 
and nervous system. However, animal studies have shovvn that low tissue levels are rapidly corrected 
once a dietary supply becomes available and, once incorporated into neural tissue, DHA is- 
tenaciously retained. Therefore Cl% levels in older children or adults are unlikely to be altered 
significantly by low dietary intake of omega-3 fatty acids. 

For the purpose of defining essentiality, the more important question is whet& a diffemnce in fatty. ‘. 
acid status~during development is related to functional deficits. The most consistent effecm of omw 
3 fatty acid deficiency and supplementation have been on measures ofvisualsystem ClnctiolL In 
monkeys and in preterm human infants, diets low in DHA’s precursor, alpha linolenic acid, lead to 
poorer development of both visual acuity and the electroretinogram, a measure ofretinal physiology. 
Furthermore, supplementation with pm-formed dietary DHA has been associated with enhanced. 
visual acuity development in most studies of preterm infants and in some, but not alI, of term iAnts. 

It is assumed that these effects are mediated by differences in the fatty acid composition, and . 
particularly the DIMcontent, of retinal and neural membranes.. However, the underlying meclianisms 
for these effects, and the critical site(s) for these effects within the nervous system, are not clearly 
understood. Changes in the electroretinograrn, which specifically measures r&nal fhction, are 
hypothesized to be the result of changes in the biophysical properties of photoreceptor outer segment 
membranes, the site for the absorption of photons and their transformation into neural signals. These . . 
membranes contain the bodjrs highest levels of DHA. Differences in visual acuity~dev,elopment, on 
the other hand may be due to changes within photoreceptor membranes, other elements within the 
retina, the central visual pathway, and/or the visual cortex. Possiile me&a&W inchde akations 
in the development of the fovea, changes in retinal sensitivity, or changes in the synaptic conne&vity’ 
or activity of the visual cortex. 



- __ . . i >’ I . . . 
Studies of DHA supplementation in human infants have reported di&rences in~vi&lacuity . a primarily during the first few postnatal months and in one major study at one year of @z. The longq- 

: term implications of these differences in infant acuity still are unclear, due to the lack of studies with 
more extended follow-up. 

However, it is known that restriction of visual input during early development can lead to lasting 
effects on visual function, so it will be important to examine this issue more closely. : 

Differences in visual development are of interest not only in their own right, but also because they 
may reflect a more general effect on neural, and perhaps cortical, maturation. Studies reporting an 
advantage in intellectual development in breast-fed compared with formula-fed infants have’ 
prompted speculation that the DHA present in breast milk is a critical factor. However, the difference 
in DHA content is confounded with many other compositional differences, as well as socioeconomic 
and parenting factors which are known to strongly influence’intellectual development.. 

In monkey studies and in randomized human clinical trials, differences have consistently been found. 
inone aspect of cognitive development, visual attention. In monkey infants fed low levels of alpha 
linolenic acid, and preterm human infats fed formulas without DIIA, the duration of fixations to 
visual stimuli are prolonged compared to infants with higher DHA status. Developmental 
psychologists have interpreted increasedlook duration as indicating slower speed of processing the 
stimulus and encoding it into memory. It is also possible that this effect reflects a specific difficulty in 
shifting or disengaging attention, an ability which develops during the first postnatal year, or a 
difference in the intensity of the infants’ responses to visual stimuli. This effect appears to be . 
independent of effects on visual acuity, as the two outcomes are not correlated in either monkey or 
human infants. Longer look durations are moderately correlated with poorer achievement in later tests 
of cognitive development, including IQtests at school age. Thus, as with the effects on visual acuity, . 
the implications of this difference for later development are unclear but worthy of further study. . 

Both animal and human ‘studies of the effects of omega-3 fatty acid status on behavioral development 
have focus& on possible changes in cognition and learning. other aspects of behavior generally 1 
have not been examined but are of equal interest Thereat-e good rationales to hypothesize efEcts of. 
omega-3 ‘fatty kid status on, for example, sleep and temperament. Preliminary find&s in rhti 
monkeys irldicate changes in both sleep and responsiveness to environmental stimuli. changes iu 
eicosanoids or in neurotransmitter metabolism provide plausible mechanisms for such effects. 

The range of functional effects of omega-3 fatty acid deficiency and supplementation during. ’ 
. 

development and their impact on later vision, cognition and behavior are not completely understood,. 
nor are the relationship of these effects to the dose of dietary DHA and the age and duration of dietary 
intervention. These issues can only be resolved by longer-term studies with a range of dietary 
treatments and functional outcomes. 

Long Chain Polyunsaturates and Human Visual Developmeni 

a. .Eileen Birch, Ph.D. 

Retina Find&ion of the Southwest 

00-11-16 . 
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The Effects of DIiA on Hostility 

Tomohito Hamazaki, MD., Ph.D. _. r*- . 

. Department of Clinical Application, Iiwtitite of Natural Medicine, 

Toyama Medical and Pharmaceutical Unive&ty, Tbyama-shi, Tqyama 930-0194, Japan 

Numbers of studies have indicated an association between Type A behavior pattern (TABP) and 

CHD. TABP is characterized by aggression, hostility, excessive competitive drive, and time . 
. . 

* urge&y. Because TABP is a vague and complex mixture of behavior patterns, many researchers 

began to investigate components of the TABP construct. Hostility is the most popular factor among . 
them. Actually it better predicts important adult diseases than TABP. .. 

We have been investigating the effects of DHA on extraggression (aggression against others, ISA) of 

a 
students using P-F study originally created by Rosenzweig. In P-F study @tees are asked to give 
comments to f?ustrating p@ures. Those comments are judged if they are’aggressive against others . . 
(EA), selfor nobody. EA contains three categories: obstacle-dominance, ego-defense 

(extrapunitive) and need-persistence. Comments are judged as ego-defensive, if comments contain 

hostile words to others, or aggressive denial or rejection against othersi reproach or 

accusation. Thus, we regarded ego-defense as host#ty in the following studies, 

According to our previous three-month double-blind study, hostility was enhanced by final exams m 
control students, whose average intakes’ of DHA were about 200 mg!d, whereas hostility was not 
enhanced in students who took DHA capsules (1.5-1.8 g DHA/d); in another study we found that if 
there was no stressor like exams, hostility was not changed significantly in either the control or the 
DHA group. We also found that DHA administration significantly enhanced the ratio of pla&ia 
epinephrine to norepinephrine in the DHA group compared with the control group during continuous 
psychological stress@nal exams for two months). This DHA effect was mahily due to 
norepinephrine reduction in the DHA group. - 

. 
. 

Those studies above were all done with young adults. But people over 50. are more suscept&le to 

stress-related adult diseases. Consequei~tly, we decided to perform a similar study.with older 

-a subjects to investigate the effects of DHA on hostility. 

Method. Twenty-two males and 18 females of 5060 yr of age volunteered for the present . 

httpr//odp.odnihgov~ od&Y%&onF:w3~abstractshtm.~ .. ‘- 00-11-16 
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1 double-bind study. They were all healthy, and one half of them were farmers from suburban farming . 

l villages in Nakompathom, Thailand. They were randomly allocated either to the DHA group (11 
males and 8 females) or to the control group (11 males and 10 females). Subjects in the DHA group 
took 10 DHA cap@es/d containing 1.5 g DHA as a total for two months, and those in the control 
.group took 10 control capsules/d, each capsule containing 280 mg of mixed plant oil (47 % olive oil, 
25 % rapeseed oil, 25 % soybean oil and 3 % fish oil): At the start and the end of the study, 
volunteers took P-F study Just before they took P-F study at the end of the.&&, they watched a 
provoking.videotape for 20 min as stressor. The videotape contained many cruel scenes from the real 
crimes and disasters. . 

Results. EA was significantly decreased in the DHA group (32 f 15 % to 25 f 1 l%, M St SD, 
p<O.O2), whereas not in the control group (27 f. 16% to 23 f 10%). Inter-group difference was not * 
significant by ANOVA. Hostility was significantly decreased in the DHA group (17 f 8% to 11 f 
7%, p<O.O5), whereas not in the control group (16 f 11% to 12 f 8%). Although the inter-group 
difference was not significant by ANOVA, the ratio of increment in hostility in the DHA group @out 
.of 19) was significantly wO.05) lower than in the control group (8 out of 21). 

Discussion. We provoked subjects of both groups by videotape, but extra aggression or host&y did 
not increase in either group. The place where PF study was performed (Silpakorn University, _.’ . 

Nakompathom).was not familiar to most of the volunteers. Consequently, there m&t be effects of 
becoming accustomed to the test in a very unfamiliar place at the end of the study. Although the 

a 
effects were marginal compared ‘with the case of young adults with natural stressor, it is likely that 
DHA influenced hostility of people even in their fifties. Taken into account that hostility is a risk 
factor of adult diseases, enough amounts of DHA (up to 1.5 gid) might be beneficial. 

Omega-3 Fatty Acids b Mood Disorders 

McLean Hospital, Belmont, Massachusettr, US-4 

Omega-3 fatty acids may inhibit neuronal signal transduction pathways in a manner similar to lithium ’ 
and valproate, two effective treatments for bipolar disorder. To examine this ph armacological 
similarity more closely; a study was performed to examine whether omega-3 ,fatty acids also exhibit 
mood-stabilizing properties in bipolar disorder. This was a 4-month, double-blind, placebo-controlled 
study, comparing omega-3 fatty acids (9.6 g/d) vs. placebo (olive oil), in addition to usual treatment, . 
in 30 patients with bipolar disorder. 

The results of the study revealed strong mood stabilizing and antidepressant effects of the omega-3 
- fatty acids. A Kaplan-M&z survival analysis of the cohort revealed that the omega-3 fatty acid . 

patient group had a significantly longer period of remission than the placebo group (p = 0.002; 

a. 
Mantel-Cox). J.n addition, for nearly every other outcome meznrre, the omega-3 fatty acid group 
Mornied better than the placebo group. Omega-3 fatty acids were well-tolerated and improved the. 
short-term course of illness in this preliminary study of patients with b&&r disorder. . 



The omega-3 fatty acids offer some unique benefits, should they prove to be truly &ective mood 

l . stabilizers. The advantages of the omega-3 fatty acids as mood stabilizers include the apparent acute 
efficacy in both the manic and depressive phases of bipolar disorder, their lack of toxicity, as well as 
high patient acceptance. In addition, omega-3 fatty acids confer some health benefits during chronic. 
use, such as pos$ble reduction in the risk of a fatal myocardial infarction. In addition, the omega-3 
fatty acids have no documented adverse drug interactions, and appear to be safe (and possibly 
beneficial) in pregnancy and in children. 

The disadvantages of the omega-3 fatty acids include their low potency, which results in a relatively 
large number of capsules per day. This may effect compliance. In addition, at the high doses used in 
the pilot study, several patients treated with either olive oil placebo or omega-3 fatty acids developed 
mild gastrointestinal distress, generally loose stools. This was completely abolished by lowering the 
dosage slightly or dividing the dosage mto 3 or 4 separate portions. There is also the theoretical risk 
of increased bleeding during high-dose omega-3 fatty acid treatment. However, no change was 
observed in bleeding times during the controlled trial in bipolar disorder. 

We have also treated more than 20 bipolar patients with open-label flaxseed oil; Flaxseed oil contains 
alpha-linolenic acid, a shorter chain omega-3 fatty acid. Measuring the clinical response to an open- 
label treatment is unavoidably subjective. However, the majority of the bipolar patients treated with. . 
flaxseed oil appeared to benefit. Many of these patients have described a distinct mood elevating 
effect from the flaxseed oil, and most have elected to remain on the flaxseed oil for the long-term. As 
with fish oil, the flaxseed oil was used adjunctively, in that the flaxseed oil was added to whatever . 

a 

mood stabilizing medication the -patient was already receiving. The flaxseed oil was generally better 
tolerated than fish oil. However, whether causally related or not, we have observed several cases of 
hypomania in bipolar patients treated with flaxseed oil. 

Our results support other data suggesting that the mechanism of action of mood stabilizers in bipolar 
disorder is the suppression of aberrant signal transduction and inhibition of kindling processes. This 
is consistent with a model of abnormal signal transduction in the pathophysiology of bipolar disorder., 
If further studies confirm their efficacy in bipolar disorder, omega-3 fatty acids may represent a new 
class ofmembrane-active psychotropic compounds, and may herald the advent of a new class of 
rationally designed mood stabilizing drugs. 

Thursday, April 8,1999 

Sessign III. Cardiovascular disease 

Myunsaturated Fatty Acids and Cardiovascular Disease 

Alexander LeaJ M.D. . 

Departments of Medicine, Massachusetts General Hqital and 

a the Harvard Medical school, Boston, ~bssachusetts; US4 

Coronary heart disease is the leading cairse ofdeath in the United States and in Western industrialized 
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countries. Many reports have appeared since the.epid&niologic evidence of-Bang and Dye&erg called 
attention to the low mortality from coronary heart d&ases (CHD) among the Greenland Eskimos, 
which they attributed to potential antiatherosclerotic effects of the diet high in oil of marine 1’ 
vertebrates. Many studies have documented the effects of fish oils on a number of biochemical and 
physiologic factors that are believed to aft&t the atherosclerotic process. There are also a 
considerable number of experimental studies in animals which show a reduction in atherosclerosis 
when diets high in saturated fatty acids and cholesterol are supplemented with fish oils. Notably 
among these tie the beneficial effects reported in swine and in nonhuman primates, but even in a 
nonhuman primate negative results have been reported. 

What Bang and Dyerberg noted among the Greenland Eskimos has been largely confirmed among the 
Japanese. The Zutphen study by Kromhout and associates and the reanalysis of the l&ltiple Risk 

’ Factor Intervention Trial by Dolecek showed an inverse relation between fish intake and mortality 
Tom CHD, as have other studies. Dolccek analyzed the larger Multiple Risk Factor Intervention Trial 
dividing the 6000 subjects in thecontrol group (tJsual.Care) for that Trial into quintals according to 
their mean ingestion of n-3 polyunsaturated fatty acids from 0 to 0.66 g daily and found significant 
inverse correlations between the ingestion of these fish oils and coronary heart disease, all 
cardiovascular diseases and all-cause mortality with the highest quintal having lowest mortahty rates . 
of some 40 to 50%. However, the rapid atherosclerosis-like processes that ofhen cause restenosis 
following coronary angioplasty are not prevented by dietary fish oil supplements. There has been one 
prospective, randomized, placebo-controlled, secondary clinical trial which has reported a 29?h 
reduction in all cause and cardiovascular mortality at 2 years follow-up in patients advised to eat oily 
fish 2 to 3 times per week compared with those not so advised. Another secondary, single blinded, 
clinical trial reported a remarkable reduction in all cause mortality at 27 months mean follow-up and 

,e, ~~~yagainatalmost4yearfol!ow-upinthesamecohortofsome70%.comparedtoco~~~iiThe 
Lyon Heart Study 5 in which’alpha-linolenic acid was considered the important dietary 
polyunsa~ted fatty acid. 

Reports by Chamock and McLennan have drawn attention to another aspect of coronary heart disease 
which the highly polyunsaturated fatty acids in fish oils seem to afEct beneficially. They found that ’ 
rats fed a diet high in a fishoil were protected i?om the fatal cardiac arrhythmias induced by 
experimental coronary artery ligation. We have confirmed their findings in dogs with Prof. George E. 
B&an, Ohio State University School of Medicine. We have then pursued the mechanism of the. 
antiarrhythmic effect of the fish oil fatty acids. With isolated cultured heart cells we have produced 
amhythmias with chemical agents which can cause fatal arrhythmias in humans: We have found in 
every instance that if we add the fish oil fatty acids to the fluid bathing the cells before we add the 
toxic agent, the arrhythmia is prevented Ifwe first induce the anhythmia in the singie cultured 
contracting heart cells and then add the fish oil fatty acids the arrhythmia is promptly stopped. ‘II& 
antianhythmic effect is due to stabilization of the excitability of every contracting cell @I the heart; 
This in turn results fi-om a modulating effect of the fatty acids on-the ionic currents that initiate the 
heart beat. Further studies suggest strongly that the fatty acids interact with binding sites on the 
proteins of the ion channels thus afEcting their conductivity to make the heart much less responsive 
to the electrical events that initiate fatal cardiac arrhythmias. 

Once we had found that the polyunsat&rated fatty acids modulate ion currents in an excitabIe tissue, 

a 

the heart, we surmised that they must have a similar effixt on all excitable tissues, sirice all utilize the 
same electrical communicating system il and they do! ‘We have reported that in the brain 
(hippocampal CA1 neurons) the voltage dependent Na+ and the ttype Ca? currents are at&&d . 
very much as are the same cardiac cturents. One consequence of this action i& the brain is that the 
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electrical threshold for inducing generalized seizure activity in the rat using-the cotical stimulation 

.a 
model, is increased. So these fatty acids are anticonvulsants as well as a@rrhythmic agents. With 
the findings by some psychiatrists that these same fatty acids are apparently beneficial in the 
management of depression and bipolar behavioral disorders,’ the finding of an important effect of the 
fatty acids on the +ctrical activity of brain cells may have broader health implications than just to 
cardiovascular dkeases. There remains much to be learned, we are probably just scratching the 
surface of the importance of polyunsaturated fatty acids to health and the preven&m of diseases. 

. N-3 Polyunsaturated Fatty Acids Inhl%it COX-2 Expression 

Rafaele De Caterirta, M.D.; Ph.D., s Aida Habib?, Laura Lubrano, Giuseppina Basta,. Guide 

Lazzerini, Jacques Macloufl and Babette Wek&r* 

CNR Institute of Clinical Physiology, Pisa, Italy, *Cornell universiry Medical Cdege, 

Nav York, USA and ?INSERM Unite 348, Hopital Lariboisiere, Paris, France 

N-3 polyunsaturakd fatty acids (n-3 FA), incluamg docosahexaenoic acid @HA) exert anti- 
inflammatory and anti-@erogenic properties, mostly ascriied to competition with arachidonic acid 
(AA) m. substrate for cyclooxygenases and 5-lipoxygenase. A cytokine-inducible cyclooxygenase 
(COX-2) expressed at sites of inflammation pennits high production of prostanoidsand amplification 
of the inflammatory response. We previously showed that n-3 FA (particularly DHA) are inhibitors of 
cytokine-induced expression of adhesion molecules in yascular endothelial cells (EC). Since genezs 
for adhesion molecules and COX-2 share consensus sequendes for transcription factors and patterns 
of cytokine induction, we hypothesized that n-3 FA might be transcriptional regulators of COX-2. 
expression, We therefoF measured changes in AA metabolism in cultured human saphenous vein SC 
following 48 h preinqubation with 25 pM DHA plus 24 h.stimulation with IL1 or LPS. We measured 
COX activity assessing 6-keto-PGFla by RIA as a &l&ion of prostacycliu production. DHA 
decreased thrombin or AA-stimulated 6-keto-PGFla to a greater extent in IL-l-stimulated EC t& k 
the absence Of 51, sugg+ing a g&at& inhiiitory effect on COX-2 than on constitutively &pres& ’ 
COX-1. Inhibition of 6-keto-PGFla productiqn by DHA + the specific COX-2 inhibitor NS398 was 
greater than inhiiition by NS-398 alone, suggesting that DHA acted at a difkent level than on COX- 
2 enzymatic activity: Thus, COX-2 niRNA aqd protti expression were compared by Northem and 
West- analysis in control and DHA-treated EC stimulated with IL-l. DHA-treated EC showed a . 
50% inhibition of COX-2 expression at both mRNA and protein levels. North&n analysis of c&s 
treated also with actinomycin D indicated that DHA exerted a transcriptional effect cotistent with. 
inhibition of NF-kB as assessed-by electrophoretic mobility shifi assays. These results show that 
treatment of EC with DHA reduces COX-2 protein expression and e&q&e activity by tmnscriptional 
regulation likely to involve NF-k? activation, and offer a plausl%lld alternative me&a&m to many df 
the anti-i&minatory and anti-atherogenic efftxts of n-3 FA. - . 8 

0 Alpha-Linolenic acid in the Prevention of Cardidvascular Diseases 

S. Rena4 MD. 
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XhERM, Unit 330,‘Uniiwsi~ Bordeati.~, FRANCE 

Cardiac mortality, especially sudden death, has been rarely prevented in dietary intervention trials to 
lower coronary heart disease (CHD). Only trials with an increased level of n-3’fatty.acids (fish or fish 
oil) (DART Lancet 1989:2:757) have succeeded so far 

In Crete, cardiac death as shown by the seven country study is a rare event. In our duplication of 

the Cretan diet on 600 coronary patients (Lance’ 1994:343:1454) cardiac death was reduced by 

76 % and we did not observe any sudden death as compared to 8 in the control group with the . 

prudent diet. Like the Crete population (Eur J Clin Nutr 1993:47:20), our subjects with the Cretan 
diet had a high level of oleic and alpha-liuolenic acids in their plasma. 

Studies have shown that arrhythmia of myocytes in culture, and ventricular fibrillation in dogs and. 

rats are inhibited by n-3 fatty acids (Proc Natl Acad Sci USA 1997:94:4182). hr rat reperfusion 

ventricular fibrillation was inhibited only by the alpha-linolenic acid rich canola oil but not by olive 

oil. (J Nutr 1995:125:1003) 

l In Crete it seems that it is through the consumption of walnuts, purslaue and other greens as well as 
. of snails, that a high intake of alpha-linolenic acid is achieved. 

Recent prospective studies in USA (Harvard Public Health) and‘Europe (Euramic) indicate that the 
only fatty acid apparently inhiiiting cardiac mortality in man is alpha-linolenic acid. Thus,. 

alpha-linolenic acid, in addition to regulating the level of prostaglandins and leukotrienes, may be the’ 
chief fatty acid protecting from the CHD clinical manifestations, cardiac deathand coronary - 

O&p-3 Long Chain PUFA and TriglyceAde Lowering: Minimum &f&ive kakes 

William S. Ham&L PhD. . 

Saint Luke’s Hbspital, Kansas City, A.&s& m 

Author Ye. Source a33FA(g/d)’ ATrig* 
Agren’ i996 Fish 1.05 -lS%(PPLj 
Schaefer * 1992 F&h 1.8 -7%(pPL-9) . 

Silva3 1996 Shrimp 
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Fahrer 4 

Gerhard 6 

Brokn ’ 

. . 

A&en * 

Fehily ’ 

Brown lo 

Oosthqizen l1 

Valdini l2 

Gaus13 

Beil l4 

Rad& l5 

Roche l6 

Demke *’ 

a Scb’indler ** 

Saldeen *’ 

Lovegrove 2o 

Sorensen 21 

1991 Fish 

1992 Fish 

1991 Fish 

1990 Fish 

1988 Fish 

1983 Fish 

1991 Capsules 

1994 Capsules 

1990 Capsules 

1990 Capsules 

1991 Caps&s 

1990 Capsules 

1996 Capsules 

1988 Capsules 

1998 Capsules 

1998 Bread ’ 

1997 Multifoods 

1998 Margarine 

1.75 - 

0.45 

1.95 

0.7 

0.8 

0.7 

1.5 

1.6. 

1.8 

1.8. 

1.6 

1.1 

0.8 

1.5 

1.1 

(0.18to 1.1 gld) 

03 

1.4 

0.9 

-8% 

-1% 

-7% 

-16% 

-7%‘ : 

-25% (PPL + 

-17% . 

-16% 

-33% . 

-20% 

-10% 

-21% (PP& j 

-24% 

-17% 

-4% (PPL 4) 

-12% 

*Bold italic = statisti&lly significant. PPL = postpmdial lipe&a; Y = lotim on a3 FA 

2. Schaefa EJ, Lichte&~AH, Lamon-Fava S, .et al: Effkcts of National Choksbol Educatik Frogam 
Step 2 dicta rdatively high or rdatively low in fishdGved fitty acids on plasma lipopnbti in middk- 
a8cdandeldcr!y~jeckAmJQinNutrl996;63934-241. 

3. DC Olivcii e Sh ni’ ScibCE, Thin JJ, Hudgins LC, Sacks FM, Brcslow JLz Effkcts of sh& 
. . _. 
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cvtion-~~ pi* lipoproteins. em J aidhtr 1996;64:71?-717. - - . 

4. Fahrer H, Hoe&u F, L&k&q BH, Peheim E, Levy A, Vischer Tt: Diet and fat@ acids: can f%h 
SubstiMe for fish &l? Cl& Exper Rhemn 1991;9:403-406. 

5. Jac$es H, Noreau L, Moorjani S: Effect on plasm lipoproteins and endogenous sex hormoxies of 
substitutiug lean white fish for other animal-protein sources in diets of postmenopausal women. Am J Clin 
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6. Gerhard GT, P,atton BD, Lindquist SA, Wander RC: Comparison of three species of dietary fishz efkcts 
on serum concentrations of lowdensity-lipoprotein cholesterol and apoKpoprotein in nomotriglyceridemic 
subjects. Am J Clin Nutr 1991$4:334-339. 

7. Brown AJ, Roberts DCK, Pritchard JE, Truswell AS: A mixed Aust$ian fish diet and fish-oil 
supplementation: impact on the plasma lipid profile of healthy men. Am J Clin Nutr 1990;52:825-833. 

8. Agren JJ, Han&en 0, Laitineb M; et al: Boreal Freshwater Fish Diet Modifies the Plasma Lipids and 
Prostanoids and Membrane Fatty Acids in Man. Liiids 1988;23:924-929. 

9.FehilyAM,BurrML,PhillipsKM,DeadmanNM:Theefftctoffatty~onpllasrnalipidand 
l lipoprotein concentrations. Am J Clin Nutr 1983;38:349-351. 

10. Brown AJ, Roberts DCK: Moderate Fish Oil Intake Improves Liic Respo& to a Standard Fat 
Me& A Study in 25 Healthy Men Arterioscler Thromb 1991;11:457-466. 

ll.OoskknW,VorsterHH, Jn~JC,etaI:BothFish~andOliveOilLoweredPlasmaFl’brinoscn 
in Women with High Baseline Fibrinogen Levels. Thromb Haemost 1994,72:557-562. 

12. Valdini AF, Glenn MA, Greenblatt L, Steinhardt S: Efficacy of Fish Oil Supplem&ation for 
Treatment of Moderate Elevation of Serum Choleqterol J Fam Practice 1990;?0:55-59. 

13. C&s ROB, Bilo HJG, Weersink EGL, et al: Fish Oil Supplexmntation in Patients with Stable 
Claudicatiox;Pm J Smg 1990;160:490-495. 

14. Beil Vp, Term W, Org& M, Greten H: Dietary f&h oil lowers lipoprotein(a) in primary 
hypxt@yceridemia. Atherosclerosis 1991;90:95-97. 
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15. Radack KL, Deck CC, Huse GA: n-3 Fapy acid effe& on lipids, lipoproteir~~, mid apolipoprotci~~ at 
vcylowdoses:resultsofa~~controlkdtriatinhypertrigfyceridemicsubjects,AmJCtinNutr 
1990;51:599+05. 

16. Roche HM, Giiney UI: Postpndial triacylglycerolaemiaz the effect of low-fat dictaty trcatmnt with 
and without fish oil suppkmentation E&o J Clin Nutr 1996$0:617-624. 

I?. Demke DM, P&s GR, Linet OI, Me&&r CM, Klott ~.Effacts of a fish oil come&ate in paa 
#with hypercholesterolemia. Atherosclerosis 1988;7&73-80. 

18. Schindkr OS, Rost Rz Effkct of low dose omega-3 f&y acid supplcxgentation on plasma lipids and ’ 
lipoproteins inpatients with coronary sclerosis and dyslipoprotei E Emahr 199635:191-198. 

19.SalacenT,Wnllin~M~1:Effcctr~fa~doseofstablefisboil~~ti~formargarimin 
bread upon plasma phospliolipid f&y acids and senmtriglycerides. Nutr Res 199&l&1483-1492. 
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21.~NS,MarcfonarmP,HeyCE,vanDuyvenvoordcW,PrincanHMG:Eff~offishsikmiched 
mqarinc on plasma lipids, lowdensity-lipoprotein particle composition, size, and susceptibility to 
oxidation. Am J ClinNutr 19!98;68:235-241. 

Effkacy of n-3 PUFA and vitamin E in 11,324 post-MI patients: 

Results of GISSI-Prevenzione 

Roberto Marchioli, MD. on behalfof GIN-Prevenzione Imestigators. * 

Mario Negn’ Institute, S. Maria.Ikbaro (Cm, Italy 

The protective effects of fish oil supplements and vitamin E have been long debated.. Within Months 
of a myocardial infarction, 11.324 patients were randomized to an n-3 polyunsaturated fatty acid 
(PUPA) supplement (1 g daily), a vitamin E supplement (300 mg daily), both, or neither. Baseline 
therapy included antiplatelet therapy in 90% ofpatients, beta blockers in 40%, and angiotensin 
converting enzyme inhibitors in 50%. 

At 42 months follow up, patients who received n-3 PUFA had a significant 15% relative risk 
reduction in the combined rate of death plus nonfatal mycardial infarction and nonfatal stroke 
compared with those who did not receive n-3 PUFA (12.3% vs. 14.4% R= &OOl). By con&t, 
treatment with vitamin E caused a non siguificant 1 l%.relative risk reduction in the combined 
endpoint. All of the beneficial effects of n-3 PUFA were due to 21% reduction in the risk of death. 

There were no significarit interactions between the two treatments. Both treatments were well 
tolerated. Gastrointestinal intolerance was the most commonly reported side effect. 

l The GISSI-Group (Gruppo Italiano p&lo Studio delh Soprawhza ncB)isjointlysponsoredbytbc -. 
‘Associazionc Naziomle Medici Cardiologi Oqcdalicri (ANMCG) and by Istituto Mario Negri Consorzio Mario N&i 

Thursday, April 9,1999 

Session IV. Relationship of Essex&i Fatty Acids’ t0 Saturated, 

Monounsaturated, and Trans Fatty Acids 

Relationships Between Satur&d, hlonimnsatnrated, Poiyunsatnrated Fatty A& : Dietary 
Data vs. Data from Plasma Fatty Acid. and Lipid Analyses 

Claudia Galli, MB. 

httpzflodp.od.&ov/odsfnew&onf erenceshrv6w3zwrackhtmi . 00-l l-16 
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a Institute of Ph&mqd&-ical sciences, University of Milano, M?la&, Italy 

Background 
; 

Plasma levels of individual fatty acids (FA), of FA classes and.of single intermediates in the 
metabolic series, are the result of diversified processes : intake with the diet, transport, uptake by 
cells and tissues, with the additional. influence of metabolic processes (de novo synthesis’or precursor 
- product conversion and retroconversion in the FA series , i.e. n-9, n-6, n-3). 

Determinants of &sma fattv acids 

The relationships between major FA classes (saturates, SAT, monounsaturates, MUFA and 
polyunsaturated fatty acids, PUPA) in plasma lipids and the intake / synthesis from precursors, are 
rather different. In fact SAT and MUFA are synthesized de nova, besides being provided by the diet, 
whereas PUFA are exclusively supplied by the intake. In addition, long chain PUPA (LCP) of the n-6 
and n-3 series in plasma and tissues represent a combination of amounts produced through the 
endogenous conversion of the short chain polyunsaturated fatty acids (SCP), linoleic (LA) and a - 
linolenic (ALA) acids to the LCP, and amounts provided directly by the diet. While the ti’pathway, 

a 
i.e, synthesis Corn SCP, is the only source of LCP in strict vegetarians, the combined processes 
(intake + endogenous synthesis) take place in omr$vorous subjects. It is however difficult to evaluate 
the relative contributions of these two components, due.to the limited quantitative data on these 
“miuor” individual LCP in foods. The assessment of LCP synthesis from SCP in individuai‘sub~ 
represents also a difficult task 

Additional factors which eontriiute to determine the final FA profiles in plasma lipids are : a. The 
different rates and degrees of esterificationof individual FA into lipid classes (phospholipid+PL; 
cholesterol esters; CE, triglycerides,TG), as it emerges also tirn in vitro.studies with cultural cells. 
b. The positional sehzctivity in the incorporation of different FA classes into glycerol. SAT are ah&t 
exchsiv~~ incorporated into the l-position in cell PL and into the sn-I and 3 position of TG, 
wjmeas MUFA are predominantly and PUPA ahnost exclusively incorporated into the. 2-position. 
The l-position is metabolically stable, whereas continuous replacement of FA takes place in the 2- 
position; through hydrolysis and reacylation processes. FA which inthe 2-position should therefore 
be more readily modulated by changes in the relative availability of MUFA and PUPA. This should.. 
in tum result in a significant impact of the relative dietary intakes of these FA classes on the 
relationships between MUFA and PUFA in plasma lipids. In contrast, the intake of SAT should 
minimally afkt thkir relative levels in circulating lipids. 

Evalnatlons of FA relatiolnships in plasma 

We have measured several relationships between FA in plasma lipids, with the aim to establish 

a 
possible correlations’which could be of help in elucidating the processes governing the final plasma 
FAprofile. 

. 
FA distribution in nIasma lidids 

. 



Workshop on the Essentiality of Omega-6 and Omega-3 Fatty Acids . Page3Osur59 . :- 

-: -. 

The distribution of individual FA in ph&ma lipid classes (PL, TG, CE) in humans varies appreciably 
even among FA of the same class or metabolic series, as it is for instance shown in Table 11 Of the 
total circulating AA; the greatest proportion is associated with PL, followed by CE, and minimal 
amounts are foundin TG, whereas LA is mostly associated 6th CE, followed by PL and TG. Marked 
differences are found also in the distribution of DHA (mainly associated with PL) and EPA (largely 
associated with CE). These differences may affect the relative incorporation and exchanges of 
individual FA with cell lipids. 

Table 1. Concentrations and % levels of individual FA in plasma lipid classes in 20 women. 

% distriiution 

FA t&ul PL TG CE 

18:2 64Qt125 34s lOk5 S&9 

20~4 14&39 676 4*2 29zt7 

20~5 9.6k3.9 5X12 1 l&l0 31kl2 

22~6 28.&t9.8 895 Et7 it3 

FA correlations 

Evaluation of the product/precmsors reh&nships within the n-6 and rk3 FA series m Tanzanian . 
populations on low fat diets (7-12 en%), strict vegetarians (VD) and fish eaters (FD) ingesting 
relativeIy high amounts of AA and DHA (typical in tropical fish) revealed the following : in VD only 
good correlations are present in the n-6 pathway (from LA to AA and especially between DHGLA. 
and AA), and between ALA and EPA, in the n-3 series,In~FD, significant correlations are found only 
between LA and DHGLA in the n-6 series, and between EPA and DHA in the n-3. These tindings 
will be discussed in the confex’ of the contriibutiorq of the exogenous supply of preformed LCP (FD 
and omnivoreqin general) vs that of the endogenous biosynthesis exctively The correlations in 
omnivorous Italian populations (~30 en % fat), are somewhat intermediatebetween those in the two 
Tanzaniai~populations. 

Evaluation of.the correlations between SAT, MUFAand PUFA in the three populations at study, 
revealed that : a. there is no correlation between SAT and WA, weak but significant negative 
correlations between PUFA and SAT (SAT vs PUFA : y--42.6-0.24x, 4.535, p < 0.001 in Bali- y 
=48-0.38x, r-0.62, p4).001 inVD Tanz&iBns; y= 46.2-029x, ti.47, pcO.001 in FD Tanzanians), 
very strong negative correlations between MUFA and PUFA (MCJFA vs PUFA : y=5$.4-0.75x, 

httpY..odp.od.nih.gov/ods/newskonf &nce&v6w3&strackqml .- .. 00-11-16 . 
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1 &89 in Italians; ~53.8 - 0.71x, 1=0.80 in VD and y5 1.9 .i 0.62x, r-O.79 -in FD). -These data 

l 
obtained in populations on diets with quantitatively and qualitatively very different fat content fit 
and are in agreement with the hypothesis that PUFA and MUFA compete for esterification, whereas 
this does not occur between SAT and MUPA. Additional relationships which will be discussed 
concern those bet$een n-6 and n-3 levels. These, in plasma, at difference with the situation in cellular 
lipids, do not appear to be reciprocally modulated. 

In a controlled clinical study with subjects on &caloric diets (25 en%. fat) with defined PA 
proportions (prudent diet, olive oil based diet and corn oil based diet) we have evaluated the 
relationships between dietary SAT, MUFA and PUFA as eno/o and the same FA classes as % of 
plasma FA. It appeared that differences in dietary SAT between 5 to 9.6 en% result in no difference 
in plasma SAT (% of total FA), whereas differences in dietary MIJFA and PUFA result in ’ . 
proportional changes in the corresponding plasma FA. 

Additional evaluations on the relationships between levels of FA classes as well as of individual FA, 
on one side, and plasma cholesterol and TG, on the other, reveal that correlations are present only 
with TG. 

In conclusion, the observation ofselected correlations among plasma FA, based on detailed analytical 
data, facilitates the interpretation of the dietary and metabolic relationships between FA and plasma 
lipids. 

a Nutritional and Metabolic Interrelatfonships Between Omega-3 Fatty Acids and Trqns Fatty 
Acids 

. . 
Bmce J. Holub, Ph.D. ,. 

. 
University of Guelph, G&~h, Ontario, Canadz NIG 2Wl 

Much attention on the health concerns of current intakes oftrans fatty acids (TFA) via f&t ahd 
processed foods has focused upon the potential for dietary T$A to significantly increase the LDL 
cholesterol level while lowering HDL-cholesterol as well as increasing triglyceride and lipoprotein(a) 
levels in some studies. Epidemiological studies have indicated that TFA represent amajor dietary risk 
factor foicardiovascular disease (CVD) in the North American population. A lesser focus has heen 
placed on the potential for dietary TFA to interfere with the convertibility of linoleic acid and alpha- 1 
linolenic acid (a-LNA) to their longer-chainmetabolic products. There is also evidence that TFAfs 
may impair early growth in humans by impeding desaturation/elongation reactions. Recent data Finn 

’ Health Canada (Ratnayake and Chen) has indicated that the mean TFA intake (as trans l&l) in. 
Canadian adults represents 3.7% of total daily energy which is above recent. estimated intakes of TFA 
for the US population (Allison et al, J, Am. Diet. Assoc., 1999). Young males in Canada (age H-34 
years) have a mean trans-l&l intake of 12.5 glaay with intakes as high as 39 g@rsonfday. One of 

. the richest sources ofTFA in the Canadian food supply is breast milk f?om mothers who show a 
mean content of total TFA representing 7.2% of total fatty acids (and up to 17.2%). Furthermore+ the. 
total TFk a-LNA ratio in hadian breast mil& is 6.2 to 1. These h&h ratios reflect the very high. 

a’ ratio of TFAzn-3 fatty acids in the diet of pregnant. and lactating women. We have anafyztd a wide 
variety of processed and faSr foods in Canada (showing very high ratios of TPAzn-3 PUFF) &swell as 
a wide variety of baby foods (cereals and biscuits) which, in many cases, show ,ext&rely high ratios 
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of TFAm-3 fatty acids. Foods containing hydrdgeriated vegetable oils which greatly-compromise the‘. - 
n-3 fatty acids intake while e&an&g the TFA consumption, as well as the potential for TFA to’ . . . . 
interfere with the convertibility of a-LNA to docosahexaenoic acid @HA), likely accounts for the . 
lower DHA status in humans consumin g higher intakes of processed and fast foods containing TFA. 
Mandatory food labeling in North America for TFA and omega-3 fatty acids is needed to allow 
consumers to reduce the consumption of the former while increasing the latter. Such regulatory 
changes can be expected to enhance the physiological DEJA status and related human health 
parameters beg&ring at Conception 

Choice of n-3, Mouounsaturated and Tians Fatty Aiid-Enriched Oils 

for the Prevention of Excessive Linoleic Acid Syndrume 

Harumi Okuyama, Ph.D. 

F&ulty of Pharmaceutical Science, Nagoya City University, 

Mi$uhoku,Nagoya467&03, Japan 
I 

Excessive linoleic acid intake and relative n-3 deficiencv svn &.orne ,.- . 

Animal experiments and epidemiological studies have wealed that excessive mtake of linoleic acid 
(LA, n-6) is a major risk factor for cancers of western type, allergic hyper-reactivity* coronary heart 
distiase (CHD) and cerebrovascular disease (CVD) (1). Although epidemiological studies perfbrmed. 
in the USA failed.to reveal a positive correlation between LA intake and breast cancer mortality, this. 
is probably because the proximate marker for breast cancer is the .proportion of n-6 eicosanoid 
precursors in phospholipids, ‘which is saturated both in the high and low LA intake groups in the 
USA. Empirical equations presented by Lands indicate that both increasing the intake ofn-3 fatty 
acids and decmasin g that of n-6 fatty acidsare necessary for effectively decreasing the n& eicosanoid 
precursors in phosphohpids and thereby decreasing cancer mortality. On the other hand, high n-6/+3 
ratio but not hypercholesterolemia has been proved clinically to be.a majorrisk f&or for thrombotic 

a 
diseases. Over-production of inflammatory lipid mediators of n-6 series has been shown to be a major 
cause for the rapid increase in allergic hF-reactive patients in Japan. 

Pres&& Summary 1997 Corn the Jadan So&v for Lipid Nutrition _. . 
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. After discussion through several annual meetings of the Japan &i&y for Lipid Nutrition, Presidents ’ a Summary 1997 was published (in Japanese) as a review article (J. Lipid Nutr. 6:5-42,1997), in which . 

20% as total fat energy was recommended for those with moderate physical activity. For healthy 
populations, saturated plus monounsaturated : n-6 : n-3 = 2.5 : s 0.8 : 2 0.2 (n-6/n-3 5 4) was 
recommended. For the primary and secondary prevention of those diseases described above, an n-6/n- 
3 ratio of 2 was recommended. The latter vahre was based.om 1) even the n-6/n-3 ratio of Danes was 
3 in a well known epidemiology of Greenland natives; 2) the ratio of current Japanese is ‘4 but the 
incidence of cancers of western type has been increasing rapidly,. and the ratio of 4 or above cannot be 
recommended; 3). animal experiments have shown the effectiveness of decreasing n-6/n-3 ratio to 
below 2 for the suppression of carcinogenesis. and metastasis; and 4) the safety of n-6/n-3 ratio of 1 
has been established in animal experiments and in a retrospective study on hunters and gatherersi 
foods. 

In order to .meet the recommendations described above, vegetable oils with n-6/n-3 ratios of 2 or 
below and those with very low n-6 fatty acid contents (e.g., high-oleic type) are use&l. Howeve?, 
there was another criterion to be considti, the presence of minor components which affect animal 
physiology seriously. 

St&M time+hortenmg and renal inimv induced bv some vegetable oils and na,rtk& hydrogenated 
oils in SJJPSP rats 

Using soybean oil as a control, some oils were found to prolong the mean stwival time of SHRSP 
rats by ca 10% (e.g., DHA-rich fish oil, perilla seed oil, flaxseed oil) while some others shortened it 
dosedependently by ca 40% (doublslow rapeseed oil, evening primose oil, high-oleate safflower oil,. 
high-okate sunflower oil, olive oil and partially hydrogenated rapeseed and soybeari oil). When the 
mpeseed oil was lipase-treated, the re@ng free fatty acid &action was almost fi-ee of suchactivity,, 
indicatingthat the survival-time shortening activityis due to minor components other than fatty acids 
in these oils. Free fatty acid lktion from partially-hydrogenated soybean oil exhibited a survival 
time between those of the original oil and soybean oil. It should be emphasized that lard, sesame oil 
and high-linokate safflower oil were relatively safe for the S-P rats. 

Those oils with survival-time shortening activity were found to cause renal injuru; lesions in blood 
vessels, accelerated proteinuria, decreased platelet count and elevated gene expression for TGFB, 
fibronectin and renin 

Choice ofn-3. monounsaturated and trans fattv a&l-enriched oils _. . 

In order to decrease the n-6/n-3 ratio of our current foods to 2 or below, the intake of high-a- 

m 
Iinolenate oils such as perilla seed oil and flaxseed oil as well as seafood and vegetables should be 
increased. High-linoleate oils are inappropriate for human use as fti. For deep-sying and 
preservation purpose, high-okate vegetable oils are’usew but all the high-oleate vegetable oils and 
hydrogenated vegetab1.e oils we have examined so far exhibited the survivaI time-shortening activi@ 
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and I cannot recommend peo& to have these oils in large quantities. Instea& laid was ‘kf& fdr this . 

0 
animal model, and could be used in qua&knot to induce obesiv, animal fats as well & a-high-LA 
vegetable oil intake caused insulin resistance in a NIDDM model of rag. - . . . . 

Reference _ +, . 

Okuma, H., Kobayashi, T ., and Wa tanabe, S. (1997) Dietary fatty acids fi The n-6111-3 balance and 
chronic, elderly diseases. Excess linoleic acid and relative n-3 deficiency syndrome SF ih Japan. 
Prog. Lipid Res. 35:409+57. 
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Session V. Dietary Recommendations’ and Omega4xOme&-i  ‘Ratio 
. . 
. 

Intakes. of Dietary Fatty Acid in the W&d States: Results from the USDA’s 19944996 
+c 

Continuing Survey of Food Intakes by Individuals 

G .J. Nelson, Ph.D. 

USDA, pRT, Wa ter-n Human Nutrition Research Center,’ San Franc&b, i=alifontia 94129, USA’ .. 

The USDA has been conducting biennial foOq btake &eys for many years. In the more 

recent surveys individual fatty acid intakes were estimated fkom food composit ion d&a 

accumulated and published in the USDA Handbook 8, “The Composit ion of Foods.” T IGI the 

compilation f?om the combined 1994 and’1996 surveys, the U!3D& has published data on 19 . . . 
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l 
individual fatty aci& in the US diet &cluded are all the saturated fatty acids from C-4 to C-18, 

, 
the monounsaturated fatty acids 16: 1,18: 1,20: 1, and 22: 1 and the polyunsaturated fatty acids 

j , 
18:2, 18:3,18:4,20:4,20:5,22:5, and 22:6. The data is broken do%vn by sex and age f?om less 

than 1 ‘year to more than 70 and by percent of calories or grams per day. Although there are 

some age dependent trends in the consumption data, the majority of the population does not 

show significant differences between five and sixty years of age, and only slight differences due 
. 

to sex. In the USA 11 percent of calories are consumed f?om saturated fat, 13 percent as 

monounsaturated fat, and 6 percent as polyunsaturated fat. Oleic acid is the preponderant 

monounsaturated fatty acid, and linoleic acid is the major polyunsaturated fatty acid; The USDA 

data for monounsaturated fatty acid presumably include trans isomers of monounsaturated fatty 

acids and aregrouped together with 18:l fatty acids. Current calculations usingthe best 

0 available estimated of trans fatty acid C-18 isomers in the foods consumed by the US population 

suggest that the actual consumption~of tmns configuration fatty acids is 3 percent and 

cis-monounsaturated fatty acids is about 10 percent. The saturated fatty acid category exhibits a 

broader distribution of fatty acids consumed than that observed for the unsaturated fatty acids, 

12:O, 14:0,16:0 and 18:0 all contribute ‘significantly to the fat calorie intake in the US - . . . 

population. Palmitic acid accounts for 20 percent of fat calories’and stearic acids about 0 * : 

percent. Ofpa&ular interest to this workshop is&e intake of long-chain polyunsatumted fatty 

acids, espe$ialiy those with twenty or more carbon atoms in the fatty acid chain. U&ortunate& 

the USDA data contain relative13 little information on this topic. &e to the nature of survey 

information and the spa&y on information regarding long-chain polyunsaturated fatty acids in . 

the food composition data f?om which the tables are prepared, no detailed vi& of the intake of 

m 
odega-3 f&acids canbe made; The data do show that the US population consumes 

. 
approximately Id times the amotit of omega-6 fatty acids as omega-3 (the ratio is 0.11 n&j), 

http&dp.odnih.gov/ods/n&co~~ w3Jibstracts.html . ohl6 . 
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but it is probable that the USDA data underestimated the omega-3 intake: mterms of grams per 
. 

0 
day the mean intake of linoleic acid plus arachidonic acid is 13.0 while the intake of a-Enolenic 

acid plus docosahexaenoic acid is 1.5. The ratio of docosahexaenoic acid to arachidonic is, 

however; 1 (0.1 to 0.1 grams per day). As it is not possible to demonstrate an omega-3 fatty acid 

deficiency in the US population, the intake of 2 grams per day of omega-3 fatty acids must be at 

least the required daily intake when the intake of omega-6 is 20 grams per day. Of course, 13’ 

grams per day of omega-6 fatty acids are likely to be considerably more than the required daily 

intake. Evidence f?om animals, and limited human data, suggests that the requimd daily intake is 

likely to be less than 5 grams per day (2 percent of calories). Whether the required daily intake 

of omega-3 fatty acids would be less if less omega-6.fatty acids were being consumed is 

unknown Ifthe total fat intake is reduced, it maybe necessary to increase the intake of omega-3 

0 
fatty acids to avoid omega-3 fatty acid deficiency. Neither the USDA nor the federal, .’ 

Government have a recommendation for the DRI of polyunsaturated fatty acids presently. It is 

unlikely that a single amount could be recommended for all .age ranges. The requirement for 

omega-3 fatty acids will probably be age dependent. Whether there is an absolute requirement 

for polyunsaturated fatty acids with twenty or more carbons in the chain remains to be - 

determine& . 

World $Ieialth Oi-ganlzatiodPan American &ealtb Organization 

(Status of EFA Worldwide) 

Manuel Peik, M.D. . . . . 

Pan Amerium Health Organization, W@shingto~ DC, USA 

The three main nutritional problems in the world are protein-energy ma.hmtrition (PI&&~ 
micronutrient deficiencies (iron, vitamin A, iodine and folic acid) and overweight/obesity. 
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0 Stunting is the most’common expression of PEM, but other forms of PEM are equally frequent * 

among children below two years of age and child-bearing~women. 

Iron deficiency is the most widespread nutritional problem. Vitamin A and iodine deficiency showed 
a declining trend during the past years as a result of supplementation and fortification strategies, 
carrieq-out in countries. . 

Obesity is increasing worldwide at an alarming rate iu both deveJoped and developing countries. This 
situation is associated with rapid changes in dietary patterns and lifestyles. 

Data Corn several cormtries show relatively high prevalence of obesity, particularly in women from 
poor urban areas. Furthermore, a sharp increase in morbidity and mortality rates due to nutrition- 
related non-communicable diseases has been reported. 

One of the most important factors underlying this scenario among low so&-economic groups is the 
increase in energy intake associated with higher fat and refined carbohydrate consumption 
accompanied by a low iron, zinc, and folk acid intake. 

. Very little information exists on quality and composition of fats by low social-economic groups in the 
majority of countries. 

. _- 

Information in this area is of utmost importance to guide the selection and consumption of healthy 
diets as part of the Health Promotion strategy of PAHO/WHO. 

a 

.n-3 Fatty Acids: Food Supply, Food Composition and Food Consnniption Data 

W&m D. Clay, Ph.D. aid Barbara Burlingume 

Nutrition Programmes Service Food and Nutrition Division, 

Food and Agricukure Ckgbnization of the United Nations, Rome, Italy 

Food supply data, food compokon data, and food consumption data provide a fimdamemal basis for 
assessing the health and nutritional adequacy of individuals and populations. FAO has’ the UN 
mandate for these activities, and regularIy produces Food Balance Sheets 0; which provide fhd 
supply data, including selected nutrient values. This paper will highlight estimates of available n-3 
fatty kid containing foods Corn around.the world. Most commonly, the nutrient data Corn FBS are 
expressed only in terms of energy, protein and fat. These international “default” nutrient values are 
being revised and the list of mrtrierits is now being expanded to include several micronutrients. In 
1998, the cereals group was completed; and in 1999 the fish.group will be revised. Under discussion 
is thepotirbility of including fatty acids and/or n-3 fatty acids as a special nutrient category for the 
fish group. Food composition activities in FAO come under the auspices of the FkoNNu . . 

a 
INFOODS project-We are pmhii.ng assistance in all technical aspects of food composition More 
and more frequently, fatty acids are included among the nutrients shortlisted by coumries fbr 

. 
., 1 

inclusion in their national and regional food composition databases and tables. Tbe inclusion of f&jr 
acids is based on requests fkom the countriesi users and potential users of food composition data, and 
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the countricsi diet-related morbidity and mortality statistics. Cemmomy used laboratory isktrumkts 
(gas chromatographs), well-defined analytical methodologies, and theavailability of primary and 
secondary reference materials and standards, make analysis of n-3 fatty acids a routine activity far 
many laboratories. Data on n-3 fatty acids are now being generated, compiled and disseminated in 
many countries, including many developing countries. Sources and quantities of n-3 fatty acids will 
be presented. Eood consumption data are routinely used, along with food supply data and food 
composition data, to establish food security at household, district and national levels. FAO prepares 

- Nutrition Country profiles, which to date have not included assessment of n-3 fatty acids. However, 
now that acceptable quantities of high quality n-3 fatty acid data are becoming available from food 
composition laboratories, n-3 values can be incorporated into supply data, and food consumption 
studies will in the next few years be capable of reporting the n-3 fatty acid consumption in the . 
assessmenti of food security. 

BASFls Approach to Commercialization of Long Chain Omega-3 ‘Fatty Acfds 

Herbert D. Wmg Ph.D. 

BASF Corporation, Mount Olive, NW Jersey, USA 

The goal to deliver omega-3 fish oils without adverse taste, odor and to prevent oxidative degradation 
has been a formulation objective. Utilizing spray-cooling technology for mkroencapsulating highly 
refined, deodorized and stabilized fish oils has proven to be successful in regard to producing. 
powdered products that can be used to foimulate fish oiis into most all conventional food forms. 
Formuhited food products, such as pastas, cereals, and even beverages, can be formulated with 
microencapsulated fish oils at levels of about 100 mg LCPUFAs per 100 gram product without . 
detection of their incluskk. 

The powdered micrkncaps&ed product has been evahrated in clinical investigations to confirm its 
equivalency to the bioavailabiIity of oils. Studies are being conducted to establish the productis use in 
formulated food form to deliver meaningful amounts of omega-3 fatty acids to pregnant women ar& 
ultimately to their breast fed infants. 

BASF is enhancing its activities to educate and promote the incorpomtion of long chain omega-3 
fatty acids to the food industry in a variety of ways: participating in the scientific community by 
funding studies and providing test materials, developing educational materials for health care 
providers as well as retailers and the consumer, promoting the use of omega-3ti through 
advertisements and public relation activities, and developing a trademark to.help draw attention to the 

., 

incorporation of a unique food ingredient, 

. BASF willcontinue to supktitrade and &fessional associations working towards the establishment 
of Dietary Reference Intakes and health claim allowances. 

.;- 

Essential Fatty bs and thk kroduti oi the Groupe D&one for Human Nutrition : 

http&p.od.nih&ovfodsfnewsfconf &&e&&3-~&~. - 00-11-16 . 
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a 
Dominique Lanzmann-Petithory, M.D. 

Groupe Danone, Centre Jean Theves, Athis Mans, FRANCE 

- Recent evaluatiod on the intake of fat in France show it to be in the range of 38 % of total calories :. 
50% of that fat is hidden in raw materials (27 % in meat and fish, 17 % in dairy products, 6 % in fruit 
and vegetables)..The other 50% of the lipids consumed are added directly to the recipes; 30 % by the 
consumers themselves (butter, margarine, oil), 20 % by the food industries (meal, sausage,. 
biscuits@. Nevertheless, in recent years the intake of fat appears to be on the decline. 

. 

0 In an ongoing prospective study on 15,000 French people, it has been found that saturated fatty acids 
supply 17 % of calories, mono-unsaturated 14 % and polyunsaturated 6 % : 

g/day 

Total 
lipids . ~- 

Meri 

IOOA 

Women 

78.6 

MUFA g/day - 37.8 

PUFA. ._ ,. ; 16.6.. 
s~qf 

29.4 . 

12.7 

. . 
SFA 91 44.8 35.6 
day 

s~tima~i998 / : 

:  
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The ratio n-6/n-3 iatty acids is probably k the &ge of H-20. 

Over the last 30 years, recommendations have been chan@ng iu relation to the.type of fkty acid to be 
included in the human diet and the total amount of fat suggest&d. The Danone group has b&n closely 
following this trend and has tried to adapt its products to the recent recommendations. 

El 

- ..___-. ‘I-- _- - -----~-.---_.------_----: .-.. _-___. 

. 

a . 
. ._ 

. 

OD-11-16 
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Trend in recommendations in fatty’ acids ratio : Danone approach 

The present conclusion in France is that the population consumes too much saturated fat as well as 
too much n-6 polyunsaturated fatty acids. 

. 

Thus, the food industry has to change the fatty acid composition of its products to readjust the intake ’ 

a 
of fatty acids in the French population. Instead of using butter, tallow or different oils, canola can be . 
utilized. Canola oil is a typical example of a fat containing a small amotmt of saturated fatty aci& ._ 
and supplying both n-6 and n-3 polyunsaturated fatty acids in a proper ratio to counterbalance the . 
fatty acid.intake f!&rn meat, dairy products and other sources; .’ 

Thus, it seems fundamental that the experts in nutrition express’clear recommendations in the field of 
fats and fatty acids, in relation to public health, since we, the food industry, will follow their 
recommendations. 

Advantages and Disadvantages of the Use of Flax Seed as a Source’of Omega-3 
. 

PaulA. stitt, 

Enreco, Inc. P. 0. Box 730, lkanitdwoc, Wi&msin 54221, U&d ” 
8 

. . 
Flax se&J is presently being used worldwide as a source ofdmegzi-3 in htian ti companion. . 
anindd diets. History of the use offlax seed as food for humans goes back 2,000 years. Flax s&d 

. has several distinct advantages and disadvantages as a source of Omega-3. 

a Disadvantages of flax seed include such factors a& 

l.PreSenceof”AntiB-6” factor. . 
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e 2. Presence of Cyanogenic Diglycdsides. 

3. Unstable after being ground. 

4, Contains only ihort chain Omega-3. 

Advantages of flax seed include such factors as: 

1. High concentration of alpha-linolenic acid. 

2. Presence of powerful anti-oxidants in some varieties. 

3. Presence of high levels of soluble and insoluble fiber. 

4. Presence of high levels of lignans that have anti-estrogenic properties. 

5. FDA states, “no objection” as a food. . 

6. Desirable flavor in most foods. 

‘a 
Omega-3 LC-PUFA - from a health Concept to Foqds in.the Shehws 

R. ‘Mu&i,, Ph.D., 

F. Himann-La Roche Ltd; CH-407O’Basel Switzerland 

Incoqmating long-chain polyunsatiuated f&ty acids (LC-PUFA) into the diet, continues to be a top& I 
of interest among food manufactkers. Nutritionists believe that ad$ition.of omega-3 LGPUFA - 
eicosapentaenoic acid (EPA) and docosahexaenoic acid @HA) - to the diet would result in betkr 
nutrition and assist in chronic disease.prevention. General scientific opinions appears to be that as 
little as 200-1000 mg of EPAIDHA may achieve this dieqary goal. 

The refining technology for marine oils has adv+ed to the ‘degree that, with due care,. carefhl 
handling and proper precautions, it is now possible to produce. a variety of fm fortified with 
omega-3 LC-PUFA that t&te as good as similar, unfoitfied prod&s. 

At the forefkont of developments are infant formula and baby follow-q food in &ope md the Far 
East. h addition, breads, margarines (or other low-fat spreads), UH’I’ milks, yogu&, fiuit juice ski 
beverages have started to enter thy mains@eam in Europe. Niche products such as .soups, salad. 

-a 

dressings,~mayonnaise, ice tea drinks, cakes, biscuits and the.re&oration of omega-3 LC-FUFA to 
camed seafbod and tuna are being launched. 

Despite of this growing list, many food inanukturem are still reIu&& to develop prod&s foitified 
with omega-3 LC-P.&JFA due to the following non-tekhnical barriers: ._ . ._ 

00-11-16 . 
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i 
Recommendations: There are no oficially recognized intake 
recommendations for omega- 3 LC- PUFA. The food 
manufacturer has no standard of reference for the nutritional 
value or dietary fortification levels of omega-3 LC-PUFA. 

Claims: No product label or health claims are permitted by the 
FDA and other regulatory authorities, which makes it extremely 
difficult to market a food with omega-3 LC-PUFA. 

Safety There is an unwarrauted fear of allergenieity and the 
possible effects of omega-3 LC-PUFA on bleeding and insulin 
resistance. There. are numerous reports that such adverse 
reactions do not occur even at the maximum dosages of omega- 
3 LC-PUFA which are considered to be health beneficial (I-2g). 

l ‘* 

Awareness: The awareness about the health benefits of omega-3 
LC-PUFA is generally poor among consumers.‘The closing of 
this knowledge gap is made difficult by the bewildering number 
of and sometimes complicated names for the family of omega-3 
LC- PUFA and its members e.g. PUFA, HUFA, n- 3 LCP, 
omega- 3 LC- PUFA, EPA, DHA, eicosapentaenoic acid, 
docosahexaenoic acid. 

To make omega-3 LC-PUFA a standard food ingredient it isimperative that food industry *suppliers, 
food manufacturers and professional organizations (such as ISSFAL) work hand in hand to remove 
these obstacles by providing authorities, health professionals and the public with tn&ful, 

scientifically valid information about the health benefits of omega-3 LC-PIJFA 

* . 

a. . 

. / 
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Infant Formuhs’witb no DHA 6r AlU. Are ‘hey Causing Haim? 
. 

David.& Kyle, Ph.D. 

MmtekBios&i&zces’&poration, Cohmbia; Marjhd US-4 .. , 

Ov& the past twenty years &ere have been a latgi number of retrospective studies comparing the 

a 

neurologi@ outcome of breast-fed and formula-fed infants. A recent meta-analysis of the kst 
relevant of these studi= has indicated that there is a consistent 3-4 IQ point advantage to the breast- . 
fed infants even after the ccktriiutions of z$l other c&founding factors had been removed. Breast-fed 
babies, however, are getting many nutrients fkom thk breast milk in addition to docosahexaenoic acid 
@HA) and arachidonic &id (ARA) and many have argued that the con&%ution of DHA and ARA is 
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inconclusive. One observation, however, is very clear and consistent. Infants who areprovided . 

a 
standard infant formula have significant deviations in their blood and brain biochemistry relative to 
the breast-fed babies. Full term infants fed unsupplemented formulas have a circulating DHA status . 
(as indicated by red blood cell or plasma phospholipid DHA levels) of less than one-half that of the 
breast-fed infant. Furthermore, the brain DHA levels of formula-fd infants are about one-third lower 
thanthoseof : 

breast-fed infants. 

Since some groups have also argued that such changes in the blood and brain biochemistry in the 
formula-f& infant is irrelevant, it has been critically important to more fully understand the function 
of DHA in the tissues of the body. Recent studies have revealed that DHA has many critical functions 
in the normal development and metabolism of neuronal cells. These include, but are not limited to, 
the following: 1) the control of normal migration of neurones t?orn the surface of the ventricles of the 
braiu to the cortical plate,during development; 2) the control of the normal resting potential of the 
neurone by regulation of sodium and calcium channels, 3) the regulation of the density of certain 
membrane proteins such as rhodopsin in the retina and, possibly, 4) the regulation of levels of certain 
neurotransmitters such as serotonin. With such key roles in normal neuronal development and 
function, it is quite plausible that abnormally low levels of this primary nutrient during the 
development of the brain may be one cause of the long term neurological detriments observed in 
formula-fed infants relative to breast-fed infants. 

The final proof of the importance of DHA in early infant nutrition, however, comes not from 

,a 
demonstrating that the long term neurological outcome of formula-fed infants is poorer than breast- 
,fed infants, or that this poor outcome is correlated with a DHA deficiency early in life, but from 
interventional studies which demonstrate that when the DHA deficiency is removed, the neurological 
outcomes revert to normal. There have been at least 24 well-controlled studies involving over 2,000~ 
i&ants in the last 15 years (12 studies withterm infants and 12 studies with pre-term infants) which 
have compared outcomes of standard formula-f* infants with DHA-supplemented formula-fed 
infants. In every +udy the DHA status of the infants was returned to normal (as defined by the DHA 
status of the breast-fed infants) when the formulas were supplemented with DHA. In all of these 
stndies, except where fish oil was used as a source of DHA, the ARA levels were also nomialized- 
because of the use of supplemental ARA in the formulas. In Several studies, precursors such as 
gamma-linolenic acid (GL+) or alpha-linolenic acid (ALA) were added to the formulas in an attempt 
to elevate AlU or DHA levels respectively. Even when added in significant excesses over what is 
found in breast milk however, these precursors did not elevate the DHA’and ARA levels to those of. 
the breast-fed infant. That is, the’precursors do not adequately substitute for the preformed DHA and 
ARA provided in motheris milk. Of all the trials completed with DHNARA supplementation, single 
cell oils (SCois) were used with the largest numbers of babies (45% with SCols, 35% w@ egg yo& 
and 20% with various fish oils). . 

Of the 24 DHNARA supplementation studies mentioned above, only 12 looked for functional. 
outcomes di&rences (i.e.; visual, neurological, or developmental assessments). Seven of those 12 

. studies reported statistically significant deficits in standard fomnrla-fed babies compared to breast-fed 
. babies (the gold standard). In all 3 cases, those deficits were normalized with the DHA/ARA 

supplementation. Of the remaining 5 studies, no statistically signifi&mt differences could be found 
a between formula-fed and breast-fed babies using the test metrics employed in those studies and, . 

therefore, no effect of DHAIARA supplementation was observed. 
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.a 
The totality of these observations provide strong evidence that DHA is a critical nutritional 
requirement for thenewbom infant and that an early deficiency of DHA could lead to long term 
neurological deficiencies. Given our present state of understanding, it is quite possible that the lack of 
availability of DHA and ARA-supplemented infant formulas in the United States and Canada today 
may be putting formula-fed newborn babies at risk. Since the only way that newborn babies in the 
United States and Canada can get DHA and ARA today is from their motheris milk, we must use our 
best efforts to encourage new mothers to nurse their babies for as long as possible to avoid potential _ 
long term neurological deficits to the child. 

Cl&al Safety Studies of LCPUFd Sngplementahon of 

Premature and Term Infant Formulas 

Dkborah At Diersen-Scha&, Ph.D., James W. Hansen, M.D., Ph.D., 

Kimberly L. Merk~l, and ChmJv L. Harris 

Mead Johnson Research Center, Evansvitle, Indiana, USA 

Introduction: Many studies support a need for long chain polyunsaturated fatty acids (LCPUFA), 

a 
and particularly docosahexaenoic acid @HA, 22:6n-3), for optimal retinal and neural development in 
early infancy. Human milk contains LCPUPA, including DHA and arachidonic acid (ARA, 20:4n-6), 
but U.S. infant formulas do not. We have now completed two.of the largest clinical trials of LCPUFA 
supplementation, one with very low birth weight infants~and a second with healthy full term infants. 

Premature Infant Shdyi DHA supplementation has been shown to enhance visual development of 
preterm infants, but some studies found decreased growth when DHA was provided without A&L 
Objectives: (1) To establish the safety of feeding DHA and ARA from single cell oils to preterm 
i@nts and (2) to determine effects on visual acuity. Design: In a double-blind, controlled, multi-- 
center trial, 194 preterm infats were randomized to preterm formulas differing only in fatty acid. . 
content: no DHp! or ARA (control), 0.15 % (of energy) DHA, or 0.14 % DHA + 0.27 % AR& 
Preterm form@s were fed for at least 28 days; all preterm infants then received unsupplemented term 
formula. Nine&breast-red term infants were enrolled as aref-ce group. Results: Growth 
suppre&on was not seen in the DHA or DHA+A.R4 groups; in f&t, post-hoc analyses indicated that .’ 
weight gain of DHA+ARA infants was significantly enhanced compared to control. Weight of 
DHA+ARA in.@ts was not different f?om breast-fed term infants at 48 and 57 wkpostnienstmal age 
@MA), but weight of control and DHA infants remained significantly less than breast-fed term . 
infants through 57,wkPMA. There were no significant differences betweenpreterm groups in 
incidence of serious adverse events, NECYsuspected NEC, or sepsis/suspected sepsis. Visual acuity I 
determined by Teller Acuity Cards (TAC) at 48 and 57 wk PMA did not differ among preterm ’ 

. groups.’ Conchsions: Single cell oils are safe for use in preterm infant formulas to provide D&l and 

. ARA at human milk levels. Providmg DHA plus ARA enhances catch-up mwth of premature 
.a infants;however,supplementationfor28daysdidnotaffectTACacuity3and5months‘latea, 

Term infant Study Studies of LCPUFA~hppIementaticm of formula-fed term infants have shown 
. equivocal effects OP visual and cognitive development, but several recent studies with typical human 
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. . 
milk levels of DI!IA have found beneficial effects. Because term formulas may be fed for a full year, : .- 

0 
the safety of LCPUFA supplementation over this time period must be established. Objectives: (1) To 
establish the safety of feeding DHA from single cell and fish oil sources, each in comb&&on with ; 
AM from single cell oil, to term infants to a year of age and (2) to evaluate effects .of supplemented 
formula on visual tiity and mental and psychomotor development. Design: In a double-blind multi- 
center trial, 383 tekn infants were randomized to formulas differing in fatty acid content: no 

. 

a 

l . 

LCPUFA (control), 0.15% (of energy) DHA and 0.3% ARA from single cell oils, or 0.15% DIIA 
from fish oil and 0.3% ARA from single cell oil. Results: Weight gain 16rom day 14 to days 60 or 120 
was not significantly less in supplement~ed groups compared with the control. Furthermore, post-hoc 
analyses indicated that supplemented infants had larger growth rates than control infants fkom 14 to . 
60 and 120 days. No differences were observed in mean weight, length or head circumference at 180, 
270, or 365 days; in formula acceptance and tolerance; or in incidence of serious adverse events. No 
differences were observed in visual acuity (TAC) at 120,180, and 365 days or in Bayley MD1 and 
PDI scores at 365 days, although Bayley scores were somewhat higher in supplemented groups than 
in the control. Conclusions: DHA from single cell oils and ARA from single cell oil are safe for use 
in term infant formulas when fed at human milk levels for a full year. Supplementation with DHA . 
and ARA increased early growth of term infants, similar to our findings with preterminfants, but did 
not significantly a.fGct TAC acuity or mental or psychomotor development. 

Overall Conclusions: Our large clinical trials, along with numerous other clinical and toxicology 
studies, demonstrate the safety of adding typical human milk levels of DHA and ARA to both 
premature and ternr infant formulas over the time periodsthese formulas are typically fed. While our 
trials did not find significant benefits of LCPUFA supplementation for visual and cognitive 
development, we did find increased growth in both premature and term infants supplemented with .l 
DHA plus ARA. This increased growth may be particularly important with regards to enhancing 
catch-up growth of infants born prematurely. 

Omega$ Long Chain PUF’A fi Cltiing the Nutritional Gap 
‘p 

J. Bouhau 

Ocean Nutrition Gznadb Ltd, 757 Bedfhrd Highway, Ba@org Nova &otiu 

Significant &search shows that the populations of many industrialized nationS, includingthe U.S., 
consume significantly lower levels of omega-3 long chain PUPA than science shows is required fk 
maintaining good health. There needsto be a concerted effort by industry, government and the - 

.. 

scientific community to ensure that this nutritional gap is eliminatti 

Trends -The Time to Act is Nope 

There is significant momentum and steam building that highlights the need ;tbr a cooperative effort in 
ensuring that the populations benefit from the improved s&&e and manufacturing capabilities now 
in place. 

Some of the important trends taking shape inch&e: 

http$/odp.&gov/odskw&onf ~w3~abstracts&tml . 00-11-16 - 
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a ? The improved mantiacturing capabilities that permit the fortification of good tasting, stable 

food products as seen m many parts of the world; . 

3 The ability to manufacture highly concentrated oils that can be delivered as adjuncti+e 
therapies; 

? The increasing awareness (54% - Applied Biometrics, October 1998) of consumers with 
respect to the health benefits of omega-3 that now needs to be converted into usage; 

? Improved collaboration between industry and science; : 

? Improved science showing the benefits of increased consumption of omega-3 LC-PUPA. 

SteDs to suece!B ‘_ . 

h ti-der to ensure that coirsrmrers benefit from the science, it is going to. be essential that officially 
recognized intake levels are set for omega-3 LC-PUFA. Omega-3 LC-PUFA will not gain rnw 
market acceptance or incorporation into standard food channels until the manufacturers have an 
officially recognized reference point and/or the ability to make an approved health claim. 

Key steps to success: . 

0 
? Establish ofk~ially recognized intake recommendations for omega-3 LC-PUFA that 
manufacturers can reference on the label; 

? An FDA-approved health claim for omega-3 LC-PUFA with reference to cardiovascutar 
health and triglyceride lowering; 

? Abetter understanding of the correct’omega-6 to omega-3 ratios and the upper and lower 
timits based on age and health status; 

.._ . 
? The standardization of analytical methods to ensure consumers and industry are able to make 
true product comparisons against the science; 

2 Quality standards enforced to ensure that consumers are not exposed to substandard product 
with contaminants or oxidative problems.‘ 

To make omega-3 LC-PUFA a standard food ingredient, the time tb act isnow. We need to”fo&.n ’ 
partnerships between industry suppliers, food manufacuxem, professional organizations and the 
government, The goal isto utilize the present market conditions in au effort to ensure that consum im 
are given the best opportunity at better nutrition through the proper balance and total consumption of ‘.. 

. omega-3 LC-PUFA 

0 Safety of Omega-3 Prod@& Based on Fish Oil as Starting Material . . . . .’ 

iUorten Bryhn, M.D., Ph.D. &dBjom Red. .. 

http~/odp.od.&.gov/odskws/co~~ w3.Jlhacb.html . 
: 

0041-16~ 
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Ptonova Biocate, Sand&otd’, Notway. : . . 

_. . 
Pronova is the largest. producer of omega-3 products m the world today with products ranging from’ 
pharmaceuticals viamedium concentrated food supplements to refined crude fish oil. 

Co&i&g monitoring of safety is only possible in controlled clinical studies, preferably by so-called 
Good Clinical Practice studies. The present database of patients in controlled studies on a&ive 
treatment comprises more than 9000 individuals mainly in long-term studies of more than one v, 
60% more than 3.5 years. This study population consists of patients with chronic diseases related to 
the cardiovascular and renal system but also diabetics with age ranging from early adolescence up to 
70 years and more. . 

Today we have no report of serious adverse effects, whatsoever.’ Even if bleeding time has been. 
prolonged with omega-3 products, there are no reports of serious bleeding events even in patients on 
concomitant medication with Aspirin or War-f&& Adverse effects are seen in lO-20% of the patients 
in studies mainly originating fi-om the GI tract Eructation of fishy taste is the most common finding. 
Intercstiugly, the frequency of eructation is the same in the placebo group receiving corn oil as in the 
active treatment group indicating that eructation is a function of ingesting oil in general. Studies 
including diabetics with a total number of approximately 1500 patients have not shown derangement 
of diabetic control. Patients with chronic renal disease, renal failure and even transplanted patients on 
chronic cyclosporin medication have not shown any systemic adverse effects but rather an 
improvement of renal function. In studies on preguarit women there have been no bleeding 

, . 

0 
complications and the amount of bleeding during labour has not been significantly different f?om 
controls. 

Thi regulatory authorities in countries like the US and sev&EU countries have examined the safety .’ 
file of the pharmaceutical, Gmacor, and there have been no major objections. Gmacor is a registered 
pharmaceutical in several.FIJ countries andan application for an NDA in the US is planned for later ’ 
this year. At fhe recent American College of Cardiology meeting in Jkw Orleans, the results of GISSI 
Prevention were presented. This is a study including 11,324 post-MI patients comparing lg of 
Gmacor, vitamin E and the combination with a control group. All patients were optimally treated. i 
with aspirin, beta-blockers, statins, etc. The Gmacor group but not vitamin E showed a 20% reduction 
of mortality, and treatment was very well tolerated. Conducted by the prestigious M&o Negri 
Institute of Milan, Italy, this study is the most important documentation of efficacy and safety for any 
omega-3 product in the world today. 

An interesting adverse report tirn one patient on omega-3 treatment in Houston, USA was an “urge 
to swim”. We take this more as a joke but we would like to use this metaphor claiming that products 
using fish oil as starting material,‘and therefore containing both EPA and DHA, are the state-bf-art 
today and based on a natural dietary principle and accepted by regulatory authorities as safe during 
long term use. Pure DHA products are expensive and the DHA content will readily be &m-converted 
to EPA in humans to meet metabolic needs. Mechanistic studies on separate effects of EPA or DHA 

. will have to be conducted in in vitro systems but the results will have only minor impact on therapy 
traditions using omega-3 products introduced today. 

0 Tn conclusiOn, Pronova, as the worldis large& produWof omega-3 products u&g fish oil as &r&g 
material, holds the largest database on s&&y as well as efficacy in patients and heal&y individuals L 
today. These products are regarded as safe whenused either as phannaceutical~ food supplements, or. . 
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