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(54) Title: PUFA SUPPLEMENTS

{57} Abstract

Edible formulations, such as polyunsaturated fatty acids (PUFAs} such as pharmaceutical compositions or nutritional supplements,
are disclosed comprising arachidonic acid (ARA). They are adapted to deliver from 150 mg to 1 g per day of ARA and may contain other
PUFAs, for example docosahexaenoic acid (DHA), The DHA dosage is from 400 to 600 mg per day, and the ratic of ARA:DHA may be
from 1:5 to 5:1. Pharmaceutical compositions comprising ARA and DHA at a ratio of ARA:DHA of 1:1 to 1:2 are also disclosed, as are
foodstuffs comprising 0.1 to 5 % ARA. Such formulations can be used to increase ARA levels in vivo, for example in pregnant women or
for people who have diseases or conditions associated with lew ARA levels.
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PUFA SUPPLEMENTS

This invention relates to the provision of polyunsaturated fatty acids (PUFAs) in
the diet of humans and animals. More specifically it relates to the provision of
polyunsaturated fatty acids of the n-6 and the n-3 families, and in particular the n-6 fatty
acid arachidonic acid (ARA) and the n-3 fatty acid docosahexaenoic acid (DHA), and
ratios thereof in balanced amounts.

The invention is in part based on the finding that an optimal balance of the n-6 and
n-3 families can play a significant role in health and the prevention of chronic diseases.
The main reason for this is that the two families compete for the same enzyme(s) for the
formation of the long-chain members from their C18 precursors. As a consequence, and
this occurs in prior art compositions, a surplus of metmber(s) of one family tends to
depress the amount of the other family. Moreover, the members of the two families can
in some circumstances have adverse effects on essential functions in the body, such as

blood clotting and the immune response.

Introduction

It is technologically relatively easy to provide the C18 n-6 fatty acid linoleic acid in
the diet, since this fatty acid is abundantly present in common vegetable oils, such as
corn oil and soy oil. There are also plant oils available that contain the C18 n-3 farty acid
o-linolenic acid, for instance rape seed oil, but these are much less readily used due to
their lower stability. This vsually leads to a surplus of the n-6 family over the n-3 family
in the modern diet.

It has therefore been argued that n-3 fatry acids should be supplemented in many
cases where a relative depletion is suspected. Generally this cannot be achieved by
providing the C-18 precursor, since the efficiency of its conversion to C20 and C22
derivatives 1s low. Therefore, the consensus is that the C20 and C22 n-3 fatty acids (EPA
and DHA) should be provided themselves.

In many cases the rationale behind this supplementation is to artenuate the action of
the long-chain n-6 fatty acid ARA. It has been shown that the addition of the n-3
PUFAs, either derived from fish oil or from microbial (algae) oils does indeed lead to

lower ARA levels. In the case of fish oil this occurs in spite of the fact that fish oil
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contains low amounts of ARA.

This depression of the ARA content is not always desirable. The invention thus
seeks to provide preparations that may enhance the DHA and/or EPA status of animals,
without adversely affecting ARA levels, or, conversely, enhance ARA without affecting
the DHA and/or EPA status.

The use of preparations containing both ARA and n-3 PUFAs has been described
before in the provision of PUFAs to infant formula. The rationale behind this is that
human breast milk contains appreciable amounts of ARA and DHA which are
considered useful to the developing infant.

In contrast, for adult nutrition there is no such natural source of PUFAs, although
both ARA and DHA can be found as components of the human diet. However, for a
ntumber of reasons these PUFA levels appear to be sub-optimal. Furthermore, different
populations have different levels of these PUFAs and this can affect the suitable dosage.
As there is no model from nature, the relative amounts of PUFAs to be used needs to be
determined and the present invention seeks to address this problem and provide various

formulations and proportions of the PUFAs for certain applications.

Prior Art

M. Makrides et a/, European Journal of Chemical Nutrition 50:352-357 (1996)
refers 1o a study to assess the effect of varying the internal intake of DHA (from 0 to 1.3g
DHA/day) on breast milk fatty acids. DHA in the diet fed to lactating mothers had a
strong specific and dose-dependent effect on breast milk DHA but did not affect ARA
levels. This study used algae oils available from Martek Corporation, USA, under the
brand name NEUROMINS™,

WO-A-92/12711 (Martek) refers to oil blends containing ARA and DHA, for
example an ARA:DHA ratio of 3:1 to 2:1, in particular to provide levels of these PUFAs
in infant formula in amounts comparable to human breast milk (which has an ARA level
of 0.5 to 0.6%).

A number of PUFA-containing compositions are currently marketed.
EFANATAL™ are capsules, two capsules to be taken per day to give a daily intake of
DHA (125mg), ARA (8.6mg) and GLA (40mg). The capsules contain an oil that is
primarily based on fish oil. The Applicant has found that this decreases in vivo ARA
levels, because the DHA content relative to the ARA content in the capsules is too high.

Thus this product is in fact an ARA lowering, rather than ARA increasing, composition
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despite the fact that it contains ARA. A comparison between this product and those of -
the invention is provided later.

EFAMARINE™ js also capsules, containing primarily fish and evening primrose
oils, of which two are to be taken per day to give a daily intake of EPA (34mg), DHA
(22mg) and GLA (68mg).

EFALEX™ is an oil blend, where a teaspoon (5ml) 1s intended to be taken twice a
day, each teaspoon giving DHA (100mg), GLA (21mg), ARA (8mg) and thyme oil (6mg).

Summary of the Invention
A first aspect of the present invention relates to an edible formulation comprising

ARA in an amount adapted to deliver a dosage (of ARA) of from 150mg to 1g per day.

Preferably the formulation is adapted to deliver from 200 to 900mg per day ARA,
such as from 200 to 700mg per day, optimally from 25C to 400 or 500mg per day.

Edible formulations include dietary supplements and (pharmaceutical) formulations
and preparations, such as tablets, pills and capsules. They additicnally include (solid or
liquid) foodstuffs, for example dairy products (margarine, butter, milk, yoghurt}, bread,
cakes; drinks such as beverages (tea, coffee, cocoa, chocolate drinks), fruit juices, soft (e.g.
fizzy} drinks; confectionery; oily foods (snacks, salad dressing, mayonnaise), soups,
sauces, carbohydrate-rich foods (rice, noodles, pasta), fish-containing foods, baby foods
(such as infant formula, either as a liquid or powder), pet food, and ready prepared or
microwaveable foods.

The ARA can be from any suitable source. It may be from a natural (e.g. vegetable
or marine) soutce, or it may be from a microbial source or from a microorganism, such
as fungus, bacterium or a yeast.

Suitable fungi are of the order Mucorales, for example Mortierella, Pythium or
Entomophthora. 'The preferred source of ARA is from Mortierella alpina or Pythium
insidiosum. Suitable commercially available ARA oils include those from DSM/Gist-
brocades, Wateringseweg, P.O. Box 1, 2600 MA, Delft, The Netherlands under the trade
mark OPTIMAR™ and from Martek Corporation, 6480 Dobbin Road, Columbia, MD
21045, USA, under the trade mark ARASCO™.

In addition to the ARA, one or more additional PUFAs may be provided. This
may be another n-6 PUFA in addition to ARA (such as a C18, C20 or C22 farty acid) or
it may be a n-3 fatry acid (for example, a C18, C20 or C22 fatty acid) and in particular
EPA and/or DHA. Each PUFA that may be used in the invention may be in the form
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of a free fatty acid, fatty acid ester (e.g. methyl or ethyl ester) as a phospholipid or as a
triglyceride.

If the formulation comprises an n-3 fatty acid, it is preferred that this is EPA or
DHA. If it is DHA, then the formulation is preferably adapted to deliver the same
dosage as specified for ARA, such as from 400 to 600mg per day DHA. Alternatively, or
in addition, if the formulation comprises EPA, then it is preferably adapted to deliver a
dosage of from 150mg to 1g per day EPA, such as from 250 to 500mg of EPA per day.

If the formulation is to be taken (eaten or ingested) once a day then it can contain
from 150mg to Ig of ARA. If twice a day then the formulation can have 75mg to 0.5g of
ARA, for three times a day a content of 50mg to 330g ARA, and so on, pro rata, for
more {requent administrations. The same calculations can be applicable for other
PUFAs that may be present, such as DHA.

If the formulation comprises more than one PUFA then the amount of each PUFA
can be expressed relatively, as a ratio. For example, if an n-3 PUFA is additionally
provided, then the ratio of ARA:n-3 PUFA (such as DHA or EPA) can be from 1:5 to
5:1, preferably from 2:1 to 1:3, optimally from 1:1 to 1:2. The relative amounts of the
PUFAs can be balanced so that PUFA levels are supplemented, increased {or at least not
decreased significantly) bearing in mind the condition of the individual.

Preferably the PUFA is present in an oil. ‘This may be a pure oil, a processed (e.g.
chemically and/or enzymatically treated) or concentrated oil. This oil may comprise
from 10 to 100% of the PUFA, but the content may be from 20 to 45%, optimally from
30 to 45% of the desired PUFA, for example ARA, if a microbial oil. Of course, this oil
may contain one or more PUFAs within these percentage concentrations. The oil may
be a single oil derived from a single cell or a microbial source, or it may be a blend or
mixture of two or more oils from these or other (e.g. vegetable or marine) sources. The
oil tmay contain one or more antioxidants (e.g. tocopherol, vitamin E, palmitate) for
example at a concentration of from 50 to 800ppm, such as 100 to 700ppm. Suitable
processes for preparing PUFAs are described in International patent application numbers
PCT/EP97/01446 (WO-A-97/36996), PCT/EP97/01448 (WO-A-97/37032), and
PCT/US92/00517 (WO-A-92/13086).

A second aspect of the invention relates to a (pharmaceutical) composition
comprising ARA and DHA at a ratio of ARA:DHA of from 1:1 to 1:2. This ratio of
PUFAs has been found to provide a good balance, and can increase in viveo DHA levels

without ARA levels being suppressed due to a too high DHA content. The DHA can be
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from a natural (e.g. marine) source or from a microbial source (e.g. from an algae).

A third aspect relates to an edible formulation {eg. a foodstuff) comprising from 0.1
to 3 or 5% ARA. Preferably, the amount is from 0,5 to 1.5 or 2%, optimally from 0.3 to
0.8%. Suitable foodstuifs have already been discussed in relation to the first aspect.
Preferred methods of preparing infant formula are disclosed in International application
numbers PCT/EP97/01447 (W(QO-A-97/35487) and PCT/EP97/01449 (W(-A-97/35488).

Suitable formulations can include oils, for example to be taken orally. The oil may
be taken as such, or it may be encapsulated, for example in a shell, and may thus be in
the form of capsules. The shell or capsules may comprise gelatin and/or glycerol. The
formulation may contain other ingredients, for example flavourings {e.g. lemon or lime
flavour).

The invention has found use in improving PUFA levels in normal, healthy, well fed
individuals (who would normally not be expected to benefit if on an adequate diet).
However it can also be used with individuals with low PUFA level(s) or deficiencies.

Thus, a fourth aspect of the present invention relates to the use of ARA (eg. asa

dietary or nutritional supplement or for the manufacture of a medicament) for a woman

who 1s:
a pregnant and at an age of from 15 to 20;
b. pregnant and at an age of from 40 to 60, such as from 50 to 55;
c. pregnant with her fourth, fifth or subsequent child;
d. pregnant with twins, triplets or quadruplets;
e. pregnant and is from 1 to 3 months into her pregnancy;
f. pregnant as a result of in vitro fertilisation (IVF) or who is undergoing IVF

treatment {which includes enrolling in or participating in an IVF procedure) but
not yet pregnant;

g. pregnant at from 20 or more weeks of gestation;

h. pregnant and is malnourished, poorly or marginally nourished, suffering
from malnutrition or malabsorption or deficient in one or more essential fatty acids
(such as a PUFA);

1. trying to become pregnant;

i pregnant, for promoting the intra-uterine growth or health of a foetus; or
k. lactating, for increasing the level of ARA or EPA in the woman’s breast

milk.

In the case of (h) these conditions are relatively rare in Western Europe, but may be
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found in women in Africa or some Asian countries (eg. Pakistan).

For pregnant women, the benefit to the foetus in (j) has not always been predictable
or immediately apparent due to the variance in individuals in the transport of fluid
between the mother and foetus. The placenta to foetus connection {the umbsilical cord)
can vary in size and physiological condition and so in the past the supplementation of the

mother with PUFAs has not necessarily indicated that the foetus will receive these
PUFAs and so benefit also.

A fifth aspect relates to the use of ARA (as a dietary or nutritional supplement) for
a human (male or female} over 50 years old, preferably over 65 years old.

A sixth aspect relates to the use of ARA (as a dietary or nutritional supplement) for
a non-human mammal which is pregnant or lactating.

The ARA 1s preferably ingested at from 150 to 700mg per day, optimally from 250
to 500mg per day.

A seventh aspect of the present invention relates to the use of ARA for the
manufacture of 2 medicament for (assisting in) the prophylaxis, prevention, amelioration
or trearment of a disease or condition associated with an abnormal or low level of an n-3
or n-6 PUFA, for example in the blood. The invention therefore finds use in subjects
that have low levels of ARA, for example for those that cannot or cannot effectively
convert linoleic acid (LA) to ARA. Therefore, suitable patients may have a
malfunctioning, inefficient or deficiency in a6-desaturase.

A (mouse) model of PUFA deficiency has been established and used to mimic the
effects of malnourishment. This model has shown the beneficial effects of the
formulations of the (nvention, including during pregnancy, for both the mother and
foetus. It has also allowed simulation of poor placental transfer and intra-uterine growth
retardation, and shown the benefits of supplementation with formulations of the
invention in the individuals mentioned in the various aspects of the invention (and the
foetus if pregnant).

The Applicant has found that certain diseases or conditions, in particular neuronal
diseases, are associated with low levels of in vivo PUFAs, 1n particular low levels of ARA
in the blood. It is therefore thought that the administration of ARA, or a balance of the
PUFAs, will be able to assist in the prophylaxis, prevention, amelioration or treatment
of these diseases or conditions. The diseases i1 question include: neuronal disease, such
as schizophrenia, cystic fibrosis, idiopathic immunoglobulin A nephropathy, multple

sclerosis, retinitis pigmentosis, Usher’s syndrome, celiac disease, macular degeneration,
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Parkinsons’ disease, osteoporosis, Alzheimer’s disease or phenylketonuria,

An eighth aspect relates to the use of ARA, optionally with DHA, for promoting
lactation and/or reproductive efficiency or success or fertility in a human or non-human
female mammal.

A ninth aspect of the present invention relates to the use of ARA and DHA (in an
edible formulation) at an ARA:DHA ratio that increases the ARA level in blood.
Preferably the ratio of ARA:DHA 1s from 1:5 to 5:1, such as from 1:1 to 1:2.

The invention is particularly application to those people that have low ARA levels,
for example a diabetic, alcoholic, drug abuser, smoker or a subject having an abnormal or
low immune level or who is immunocompromised.

The use of the fourth to ninth aspects include methods of administration of the
ARA (and optionally DHA), either as such or in a formulation, to a subject (individual,
human or animal) where that subject is in need of, or will benefit from, the
administration, or those uses in the manufacture of a medicament for the purposes
specified. Formulations may exclude GLA and/or DGLA if necessary.

The dose or amount of ARA (and DHA, if present) is preferably such that it
increases either an essential fatty acid (EFA) sufficiency index (defined as the level of 20:4
n-6 {ARA) divided by the level of 20:3 n-9 fatty acid (mead acid)) and/or an EFA balance
index (defined as the level of 22:6 n-3 (DHA)} divided by the level of 22:5 n-6}. Here,
levels include those in the blood (eg. in red blood cells), brain, placenta, liver, intestine,
plasma or foetus.

Preferred features and characteristics of one aspect of the invention are equally
applicable to another aspect mutatis mutandis.

The following Examples are provided to merely illustrate the invention, and are not

to be construed to be limiting.

Examples 1 to 3: Preparation of a composition containing balanced proportions of
PUFAs.

This example describes the blending of n-6 and n-3 oils so that they can be included
in a single capsule.

The composition was prepared by combining one n-6 PUFA-rich oil with three
different n-3 PUFA-rich oils. The n-6 PUFA-rich oil was derived from the fermentation
of the filamentous fungus Mortierella alpina, and contained approximately 40% ARA as

the major fatty acid. For the n-3 PUFA-rich oil the three different sources were: a
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high-EPA (above 45%) low-DHA (about 10%) fish oil (from Pronova, Norway under the
trade name EPAX™ | product no. EPAx4510TG), a high-DHA (above 50%) low-EPA
(about 20%) fish oil (also from Pronova under the same brand name, product no.
EPAx2050TG), and an oil derived from fermentation of the unicellular alga
Crypthecodinium cobnii which contains 40% DHA as major fatty acid but is virtually
devoid of EPA (from Martek Corporation, Columbia, United States of America under
the trade name DHASCO™),

The oils were mixed in appropriate quantities to give the desired amounts and
proportions of n-3 and n-6 PUFAs. Here the ARA:DHA ratio for the three blends
(Examples 1 to 3) was 1:1. During this procedure, the oxidation-sensitive oils were
protected from environmental oxygen by a blanket of oxygen-free nitrogen gas.

Subsequently, the oils were used to prepare soft-gel gelatin capsules, where each capsule
had 400mg ARA and 400mg DHA.

Example 4: Provision of balanced PUFAs to pregnant women during the early or latter
stages of pregnancy.

This Example concerns the trial of pregnant women that are supplemented with
ARA and DHA either between weeks 6 and 15 or between weeks 20 and 25 during
pregnancy until delivery (birth). The ARA source was a triglyceride oil containing 38%
ARA available from DSM/Gist-brocades, Delft, The Netherlands, under the trade name
OPTIMAR™. This is an oil produced by the fungus Mortierella alpina. For DHA either
a DHA-rich fish oil of food grade or an algae-derived oil obtained from Martek
Corporation under the trade mark DHASCO™ was employed.

Maternal supplementation of ARA and DHA during pregnancy was therefore
studied to see if the fatty acid status of the mother measured at birth and subsequently
during lactation compared with the controlled group that received no supplementation.
The measurements included maternal erythrocyte ARA and DHA values, ARA and
DHA content of the umbilical arteries and venous vessel wall, ARA and DHA content
of breast milk.

The study was a case controlled study involving 10 pregnant women. One
experimental group (of five women) received one or more gelatin capsule (each of 250mg
ARA) oil per day (containing 38% ARA) and one capsule {each of 500mg DHA) oil per
day {containing 25% DHA). The control group received the same amount of placebo

gelatin capsules to overcome differences in daily calorie intake. The vitamin E intake of
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the experimental and controlled groups was equal, and the capsules were taken during
breakfast.

Blood samples were taken at the beginning of the trial and at the end of gestatton.
Red blood cell fatty acids were measured (as phospholipids) using capillary gas
chromatography with flame ionisation.

It was found that the supplemented women had significantly higher levels of both
DHA and ARA in the red blood cells during pregnancy and at the time of birth.
Remarkably, these higher levels persisted during the lactation period, being apparent
both in the red blood cells of the mothers and their breast milk. The ARA level in
breast milk was found to have risen to from 0.8 to 1.0% ARA. In addition the ARA
levels in the blood of the newly born children was found to be higher than the control
group. This finding is of major significance for mothers and their children under

marginal nutritional conditions.

Example 5: Provision of balanced PUFAs to elderly people.

The Applicant perceives a need to enhance the n-3 PUFA status of the population,
not in the least in the elderly population, where diseases such as Parkinson’s disease and
Alzheimer’s disease have been found to be associated with a low PUFA status. This s
thought to be partly due to inefficient or deficient aé-desaturase enzyme, However care
is needed, especially in older people, since a decrease in ARA levels could exert a negative
effect on the immune system.

A formulation was prepared according to Example 1, containing n-3 and n-6
PUFAs in a ratio of DHA:ARA of 2:1. The capsules were given to a group of healthy,
elderly men and women (at least 65 years of age), at a dosage of 1 g n-3 PUFAs per day,

After one month the PUFA status of the red blood cells of the subjects was assessed.
It was found that in all cases the levels of DHA had increased, whereas the levels of ARA
had remained constant, or showed a slight increase in some cases. Thus it was possible to
enhance the n-3 PUFA status of patients, without compromising the ARA status, by the

use of a balanced formulation.

Example 6: Provision of PUFAs to pregnant women.

Two types of PUFA-containing capsules were prepared. The first contained ARA,
at 500mg per capsule. These were to be taken one a day. The ARA was provided as a
microbial oil, obrained from DSM/Gist-brocades, Delft, The Netherlands, under the
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trade name OPTIMAR™. These capsules had a gelatin coat, and contained 20mg of
vitamin E. Similar capsules were also prepared having the same amount (500mg) of
DHA, being present as a microbial oil obtained from Martek Corporation, Columbia,
United States of America (under the trade name DHASCO™). These capsules were also
designed to be taken one per day.

Trials were conducted with pregnant women ingesting either one ARA capsule per
day, or one ARA and one DHA capsule per day. The women chosen for the study were
those that had been found to have relatively low levels of ARA in the blood. A number
of women who were pregnant were therefore tested for in vivo ARA blood levels and
permission was obtained to take part in the study. The first group of women were
teenagers of from 15 to 20 years of age. For all these women, this was their first
pregnancy. Due to early maturation they were found to benefit from both ARA and
ARA plus DHA supplementation in their diet. Both regimes increased in vivo ARA
levels.

A second group of women, also pregnant, were studied, these being from age 40 to
50. During pregnancy it was also found their in vivo blood levels were increasing under
both supplementation regimes. Half of the women chosen in this study were having
their fourth child.

Three women each pregnant with twins were chosen for supplementation with one
ARA capsule and one DHA capsule per day. Their ARA in vivo levels were found to be
relatively low, probably because the ARA from the blood of the mother was being
absorbed and consumed by both foetuses. These women were supplemented with the
ARA and DHA capsules and the ARA levels in the blood were found to increase.

Example 7: Provision of ARA and DHA to subjects with low PUFA content.

The same capsules were used as described in Example 6, except this time the ARA
capsules contained only 250mg ARA. These capsules could be taken once or twice daily,
according to the subject and their condition.

A number of people were chosen for this study due to their relatively low content
of PUFAs in the blood. The reason for the low PUFA content was not always
immediately evident. However, it has been found that a number of diseases or adverse
conditions lead to low PUFA levels, and it was therefore postulated that providing either
a correct dosage of ARA, or a balance of ARA:DHA, the iz vivo ARA levels could be

increased, which might moderate some of the symptoms of the condition. Some of the
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conditions were thought to result in a poor efficiency in conversion of a precursor to
ARA itself, for example a defect or deficiency with the enzyme a6-desaturase. Those
conditions that were found by the Applicant to often give rise to low PUFA levels
included cystic fibrosts, multiple sclerosis, celiac disease and osteoporosis. In addition,
patients who were being treated for alcoholism, addiction to drugs or who were
immunocompromised (AIDs patients) were also found to have low levels of PUFAs.
A study was therefore made where either one or two ARA capsules were taken
daily, to give an ARA:DHA content of either 1:1 or 1:2. In almost all cases those
subjects who were taking these capsules (for at least 3 weeks) were all found to have, at

the end of the trial, increased in vivo ARA blood levels.

Example 8: Provision of PUFAs in infant formula.

Both solid {powdered) and liquid infant formula baby food was prepared containing
0.5% ARA and 0.5% DHA. This formula was fed to babies regularly in their first three
months by mothers who had decided not to breast feed their children. As a control, the
in vivo ARA blood levels of these children were compared to those that were being
breast fed over the same time period. It was found that in the infants being bottle fed

that their ARA levels were cormparable to those being breast fed.

Comparative Example 9 and Example 10

A number of breast feeding women were chosen for a comparative trial. One
group of women were fed two EFANATAL™ capsules per day (to give a daily intake of
DHA 125mg, ARA 8.6mg and GLA 40mg). For comparison, a second group of women
were given similarly prepared capsules (with a gelatin/glycerol shell) containing 150mg
ARA per capsules (to give a daily ARA intake of 300mg ARA,2 capsules per day). In
this second group a third capsule was also taken, one per day, which contained DHA at
500mg per capsule,

The ARA levels in the lactating women in both groups, after child birth, was
compared. Also compared was the level of ARA in the mothers breast milk.

In the first EFANATAL™ group the ARA levels were found to have decreased
markedly in the blood, and to a lesser extent in the breast milk, only two weeks after the
trial involving consumption of EFANATAL™ had begun. In contrast those women
taking the two capsules of ARA and one capsule of DHA per day were found to have the

ARA levels in their blood increase, and the breast milk levels also increased to above
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0.7%.

Example 11: Amelioration of fatty acid deficiency in mouse pregnancy through
supplementation with ARA and DHA.

A major problem during the pregnancy of humans and non-human mammals is the
occurrence of intra-uterine growth retardation. This condition is associated with
significant health risks for the infant after birth that may continue into adult life. The
condition can develop even during pregnancy of an apparently healthy woman and is
difficult to predict. It is generally assumed that it is caused by poor functioning of the
placental interchange, for instance because the placenta is too small or in poor

physiological condition,

This unpredictability has obstructed the development of a reliable animal model for
this condition. In principle one could simulate a poor placental function by decreasing
the blood flow through the umbilical vein, for instance by restricting its diameter by a
clamp. The problem with this method is that it requires surgery of the pregnant animal,
which can adversely affect both the foetus and the mother, and it is difficult to achieve a
uniform decrease of the blood flow in this way. Therefore a different model has been
developed. A poor placental function translates into a decreased supply of essential fatry
acids (EFAs) to the foetus. In the ‘natural’ condition this is caused by a decreased blood
flow, at an otherwise normal physiological concentration in the blood of the healthy
mother. In the present example we have simulated this condition by decreasing the
concentration of the essential fatty acids in the blood of the mother, but having a normal
flow through the placenta. For this purpose an early phase of fatty acid deficiency in
pregnant mice was induced. In this phase the deficiency was expressed in biochemical
parameters, but functional defects were not apparent. Thus it was ensured that while the
pregnancy proceeded in the normal way the supply of essential fatty acids to the foetus
was restricted.

In the trial 40 female mice, 8-10 weeks of age, were fed a regular mouse chow diet
for 1 week. Subsequently they were divided into 8 experimental groups: RD 1 to 4 and
EFAD 1to 4. The RD groups continued to receive a regular chow diet, containing 6.5%
of fat. The EFAD groups received an essential fatty acid deficient diet. The numbers 1
to 4 indicate various lipid supplements, according to Table 1. ARA was from DSM,

Delft, and DHA from Pronova (fish oil} as described in previous Examples.
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Table 1: Amounts of lipid supplements as percentage of total dietary lipids. The
diets contained between 3.8% of 5.6% (g/g} lipids.

RD or MCT ARA DHA
EFA (Medium-Chain Triglycerides) (Arachidonic Acid Oil) | (Docosahexaenoic Acid Oil)
D
1 19 0 0
2 15 4 0
3 4 0 15
4 C 4 15

The fatty acid composition of the RD {regular diet) and the EFAD (essential fatty

acid deficient) diets as well as the oil supplements are given in Table 2.

Table 2: Fatty acid composition of lipid fractions, expressed as g% of total fatty acids.

Fatty Acid | RD lipid | EFAD lipid | MCT ARAoil  |DHAoil
8:.0-12:0 100.00

14:0 0.10 1.90 3.60
16:0 10.00 4478 16.14 19.50
17:0 0.10

18:0 4.00 54.73 12,10 5,11
20:0 0.30 0.85 0.34
22:0 0.30 1.48 0.29
24:0 0.20 1.55 0.18
18:3w3 7.50 0.58
18:43 0.96
20:4w3 0.39
20:503 6.52
22:503 1.33
22:6w3(DHA) 25.08
18:2w6 55.00 7.01 1.74
18:36 3.24 0.20
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20:2wb 0.38 0.30
20:3w6 3.85 0.11
20:4w6 (ARA) 37.64 2.15
22:406 0.41
5 22:5w6 8.32
16:1w7 6.00
18:1w7 C.45 277
18:1w9 22.50 0.50 13.01 12.60
20:109 0.36 0.96
10 22:1w9 0.12
20:3w9 0.04
24:109 0.46
Two additional control groups were included. One group (RD 0) did not receive
any lipid supplement. The second group received the same diet as RD 0, but served as a
15 non-pregnant (NP) outgroup. The animals had unrestricted access to the diets.
The experimental groups were treated according to the time schedule shown below.
Table 3: Time schedule of treatments.
Day Treatment
20 day-3 | Intraperitoneal injection of 5 IU Folligonan (FSH) IP (all groups except
NP). Regular diet replaced by experimental diets
day-1 | Intraperitoneal injection of 5 IU Chorulon (hHCG) IP (all groups except
NP). Male mice introduced into the cages {all groups except NP)
day 0 Males removed
day 15 Animals killed by heart puncture under halothane anaesthesia (4-6% in
N,0/0,
The hormone treatment with Folligonan™ and Chorulon™ (from Organon, the
25 Netherlands) induced super-ovulation in the females. This procedure, combined with

the short exposure to the males, gave a reasonable probability of pregnancy, but no

guarantee. The fatty acid composition of various tissues or sections of both the pregnant
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mice and their foetuses was determined by gas chromatography. The fractionation,

homogenisation and extraction of the various tissues was performed by methods known

in the art.

On average, the animals consumed 3.9g of the diets per day, without significant

differences between the various RD and EFAD groups. The dietary dosage of PUFAs is

shown in Table 4.

Table 4: Dietary dosage of ARA and DHA, expressed as a percentage of the lipid

fraction and as mg intake per day.

ARA DHA
No. Diet % of lipid mg/day | %oflipid | mg/day
0 RD 0 ¢ 0 0
1 RD+MCT 0 0 0 ¢
2 RD+ARA/MCT 1.29 2.7 0 0
3 RD+DHA/MCT 0.30 0.5 3.30 5.1
4 RD+ARA/DHA 1.63 25 3.25 5.0
1 EFAD+MCT 0 0 0 0
2 EFAD+ARA/MCT | 1.11 24 0 C
3 EFAD+DHA/MCT | 0.34 0.5 373 5.9
4 EFAD+ARA/DHA | 1.58 2.3 3.27 4.8

First it was checked whether the EFAD indeed induced a biochemically relevant

essential fatty acid deficiency in the blood of the female mice. There were few

differences in the blood levels of various fatty acids between pregnant and non-pregnant

mice of the same dietary group as seen in the comparison with RD0 and NP (data not

shown). Therefore these two groups were compared, to increase the statistical power of

the comparison, except in the cases where there was a significant difference between

pregnant and non-pregnant animals. In those cases, the values for the pregnant

individuals was used. The results are shown in Table 5.
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Table 5: Levels of essential fatty acids (EFAs) in red blood cells of female mice.

PUFA (ratio) RD+MCT EFAD+MCT
18:3 n-3 0.19 + 0.02 .05 + 0.01
20:5 n-3 0.24 + 0.02 0.09 + 0.03
22:6 n-3 (DHA) 6.38 + 0.25 4.53 + 0.28
18:2 n-6 8.43 + 0.08 3.00 + Q.12
20:4 n-6 (ARA) 17.23 + 0.4 18.87 + 0.85
EFA sufficiency index:
20:4 n-6/20:3 n-9 63 11
EFA balance index:
22:6 n-3/ 22:5 n-6 11 4

The EFAD caused a marked decrease in the level of essential fatty acids, with the
exception of arachidonic acid. However, in spite of the maintenance of the level of
arachidonic acid, there was a marked (n-6) essential fatty acid deficiency. This is clearly
seen in the EFA sufficiency index, the ratio between the level of arachidonic acid (20:4 n-
6) and its non-essential analogue mead acid (20:3 n-9). This latter fatty acid accumulates
only if there are insufficient essential fatty acids as substrates for normal biosynthesis: in
that case the non-essential fatty acid oleic acid (18:1 n-9) is elongated and desaturated
instead, leading to the formation of n-9 analogues of the physiological PUFAs. It is clear
from Table 5 that this EFA sufficiency index dropped dramatically in the EFAD-fed
mice.

Another index indicates the correct balance of n-3 and n-6 essential fatty acids. This
EFA balance index is the ratio between DHA (22:6 n-3) and arachidonic acid (22:4 n-6).
This index also strongly decreased in the EFAD group.

So these data shown that the EFAD diet indeed induced a clear biochemical EFA
deficiency, as was intended.

It was then checked whether the addition of arachidonic acid and/or DHA to the
diet would lead to alleviation of this deficiency in the red blood cells of the female mice.

First the control data of the fatty acid sufficient (RD) mice are presented in Table 6.
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Table 6: Effect of PUFA supplementation on essential fatty acids in red blood cells

of fatty acid-sufficient female mice. Fatty acid data expressed as percentage of the RD-

group.
RD |RD+ARA/MCT |RD+DHA/MCT | RD+ARA/DHA

18:3 n-3 100% | 93% 74% 82%

22:6 n-3 (DHA) | 100% | 85% 131% 132%

18:2 -6 100% | 84% 94% 100%

20:4 n-6 (ARA) | 100% | 107% 79% 93%

20:4 n6/203n9 [63 |59 59 67
22:60-3/225n6 {11 (9 15 14

It was found that addition of the supplements with either ARA or DHA depressed

the levels of the other PUFA. In contrast, the combined supplement allowed the

enhancement of the PUFA status, even in fatty acid sufficient mice. The supplement

used caused a slight depression of the ARA status, causing an increase of the EFA balance

index. This could be due to the ratio chosen, with DHA:ARA approximately at 2:1.

Surprisingly, the EFA-sufficiency index was also enhanced by the supplement, even

though these mice were apparently not fatty acid deficient.

It was then investigated whether the supplementation with PUFAs led to an

improvement in the essential fatty acid status in the blood cells of the EFAD-fed animals.

Table 7: Effect of PUFA supplementation on essential fatty acids in red blood

cells of fatty acid-deficient female mice. Fatty acid data are expressed as a percentage of

the RD-group.
EFAD | EFAD+ARA/MCT | EFAD+ EFAD+
DHA/MCT ARA/DHA

18:3 n-3 24% 37% 25% 34%
22:6n-3 (DHA) 71% 70% 174% 171%

18:2 n-6 36% 42% 49% 44%

2C:4 n-6 (ARA) | 109% | 121% 70% 90%

20:4 n-6/20:3 09 | 11 43 43 67

22:6 n-3/22:5n-6 | 4 5 16 16
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Table 7 shows that the EFAD-mice responded quite strongly to the PUFA-

supplement, especially in their DHA status, While there are no indications that

supplementation with ARA depresses the DHA status, the converse is clearly true: the

addition of the DHA supplement caused a clear depression of the ARA status. It is also
clear that the addition of PUFAs specifically restored PUFA levels, with the levels of the

C-18 fatty acids being much less affected. Interestingly, the combined supplement was

the only one that caused full restoration of the EFA sufficiency index.

Finally it was investigated whether the enhancement of the PUFA status in the

blood of the mother would lead to an improved status of the fetus. To this end we chose

the head of the foetus as the most relevant compartment: the growth of the brain (and

other neural tissue) is quantitatively the most important process depending on the

provision of PUFAs.

The data for the foetuses of the RD-fed mothers are shown in Table 8.

Table 8: Effect of PUFA supplementation of EFA-sufficient mothers on essential

fatty acids in mice foetus heads. Fatty acid data in the RD-group is expressed as mol-

percent. Fatty acid data for the experimental groups is expressed as percentage of the

RD-group.
RD | RD+ARA/MCT | RD+DHA/MCT { RD+ARA/DHA
22:6 n-3 (DHA 589 | 101% 135% 125%
20:4 n-6 (ARA} | 11.87 | 103% 93% 102%
20:4 n-6/20:3 n-9 | 27 30 28 40
22:6n-3/22:5n-6 | 8 6 18 13

The data show that the supplements caused modest changes in the concentrations of

PUFAs in the heads of foetuses of the RD-fed mice. Surprisingly, there was a marked

improvement in the EFA sufficiency index for the combined supplement, as opposed to

the separate supplements. In addition, both DHA-containing supplements caused a

significant increase in the EFA balance index.
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Table 9: Effect of PUFA supplementation of EFA-deficient mothers on essential

fatty acids in mouse foetus heads. Fatty acid data expressed as percentage of the RD-

group. The EFAD+AA/MCT group did not contain pregnant females.

EFAD | EFAD+ARA/MCT | EFAD+DHA/ | EFAD + ARA/
MCT DHA
22:6 03 (DHA) | 61% | - 160% 146%
20:4 n-6 (ARA) [ 98% |- 76% 83%
20:4 n-6/20:3n9 | 9 . 14 17
20:6 n-3/22:5 n-6 { 2 - 33 24

The fatry acid deficiency of the foetuses was even more severe than that of the

mothers. The PUFA-supplements led to a marked improvement of the EFA sufficiency

index, almost restored to the RD-level. This was probably due to the relatively low

dosage of arachidonic acid in the supplement, since the EFA balance index is even higher

than in the foetuses of the RD-fed mothers. This implies that the PUFAs are efficiently

incorporated into the foetus head. Indeed the inclusion of arachidonic acid in the

supplement increases its concentration, although not up to the RD- level. This

emphasises the need to balance the supplementation. The appropriate balance can then

be assessed experimentally.
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CLAIMS

1. An edible formulation comprising arachidonic acid (ARA) in an amount
adapted to deliver a dosage of from 150mg to 1g/day ARA.

2. A formulation according to claim 1 which is adapted to deliver from 250 to
50C mg/day ARA.

3, A formulation according to claim 1 to 2 which is additionally adapted to
deliver docosahexaenoic acid (DHA).

4, A formulation according to any preceding claim which is adapted to deliver
a dosage of from 400 to 600 mg/day DHA.

5. A formulation according to any preceding claim wherein the ratio of
ARA:DHA is from 1:5 to 5:1, such as from 1:1 to 1:2.
6. An edible formulation comprising from 150 to 700 mg ARA which is

intended to be ingested once per day.

7. An edible formulation comprising from 75 to 350 mg ARA which 1s
adapted to be ingested twice per day.

8. An edible formulation according to any preceding claim which is a food or
nutritional supplement.

9. An edible formulation according to any preceding claim which is a
pharmaceutical composition.

1C. A pharmaceutical composition comprising ARA and DHA at a ratio of
ARA:DHA at from 1:1 to 1:2.

11. A foodstuff comprising from 0.1 to 5% ARA.

12.  The use of ARA as a dietary or nutritional supplement for a woman who is:
a pregnant and at an age of from 15 to 20;

b. pregnant and at an age of from 40 to 60, such as from 50 to 55;

c. pregnant with her fourth, fifth or subsequent child;

d. pregnant with twins, triplets or quadruplers;

e. pregnant and is from 1 to 3 months into her pregnancy;

f. pregnant as a result of in vitro fertilisation (IVF) or who is undergoing IVF

treatment but not yet pregnant;
g. pregnant at from 20 or more weeks of gestation;

h. pregnant and is malnourished, poorly or marginally nourished, suffering
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from malnutrition or malabsorption or deficient in one or more essential fatty

acids;

1. trying to become pregnant;

e pregnant, for promoting the intra-uterine growth of health of a foetus; or
k. lactating, for increasing the level of ARA or EPA in the woman’s breast
milk.

13. The use according to claim 12 wherein the ARA is ingested at from 150 to

700, such as from 250 to 500, mg/day.

14, The use of ARA as a dietary or nutritional supplement for a human who is
over 50 years old, preferably over 65 years old.

15, The use of ARA as a dietary or nutritional supplement for a non-human
mammal which is pregnant or lactating.

16. The use of ARA for the manufacture of a medicament for assisting in the
prophylaxis, prevention, amelioration or treatment of a disease or condition associated
with an abnormal or low level of an n-3 or n-6 PUFA in the blood.

17. The use according to claim 16 wherein the disease or condition is 2
neuronal disease, such as schizophrenia, cystic fibrosis, 1diopathic immunoglobulin A
nephropathy, multiple sclerosis, retinitis pigmentosis, Usher’s syndrome, celiac disease,
macular degeneration, Parkinsons’ disease, osteoporosts, Alzheimer’s disease or
phenylketonuria.

18.  The use of ARA for promoting lactation and/or reproductive efficiency or
success, or fertility in a human or non-human female mammal.

19. The use of ARA and DHA in an edible formulation at an ARA:DHA ratio
that increases the ARA level in blood.

20. The use according to claim 19 wherein the ratio of ARA:DHA is from 1:5
to 5:1.

21, The use according to claim 20 wherein the ratio of ARA:DHA is from 1:1
ro 1:2.

22. The use according to any of claims 19 to 21 for a person who is a diabetic,
an alcoholic, a drug abuser, smoker or who 1s immunocompromised or has an abnormal

immune level.
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BIEA TR 150mg F 1g/ XA ARA EETRIEH
HE PUFA, fiin—+ =8 MB(DHA) , DHA K&K
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EREZREBH S ARA KFAREHERFIEN A
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. @442 wHBR ARG EAHN, A SESTHHK 150ng £
lg/ X # ARA €. |

2. REFEAHNEZK 1 9H M, &L THH 250 £ 500ng/ X 49 ARA.

3. MBWAMEL 1 X 28HHM, FIEATHEHA TR BB
(DHA) .

4. RELENERAZLGHHN, £4 THH 400 £ 600ng/ X &
DHA # €.

5. M EFERALZKGHEM, Ak ARA:DHA ¥ 1:5 £
5:1, Bldwd 1:1 £ 1:2, |

6. .4 150 £ 700mg ARA G ABHH, HHHFXBIR—%K.

7. 8475 % 350mg ARA A AEMN, 4 THEXBRB L.

8. HRELENEBRMNEZRGHN, XA TN,

9. RELENELMNERLGHN, XL HBALY.

10. .4 ARA #= DHA #5354 404-%, ARA:DHA Z b 1:1 £ 1:2.

11. €4 0.1 £ 5% ARA 854 .

12. ARA Ak A A EHREAMNGAE, HakE:

a. ¥y, G845 156 £20%;

b. k), #8440 260 %, Wi 50 £55 %,

c. ¥ie), HRARW, FEAIALSGET;

d. ¥R, AR, ZJ0AE R I HK;
CEdRey, 1 £ 3AA;S
. BARSE 2 H (IVF) e, XA EAE L IVF & FLE XA H;
CkEMRE, dEdR 20 B 04 L
ek, FBREHRRRN. ERRFABEY, EAETRFR
RBMBESF, RpZ—FREFALERNR;

i KBRS,

joHEdReg, A TREFEAEKRIBILEE AF
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k. isléy, B T3 hodad8 345 ARA X EPA & -F.

13. RFERALR 12 5AE, F FHRIK ARA 150 £ 700, #4 250
% 500mg/ K.

14. ARA#EH 50 F Ak, 4Ktk 65 F A @A A X % K184
&9 R i,

15. ARA #E A R B R LB S e A VIS vR LS s B K S
*h ) 6 A &

16. ARA EHBH G FIRE, BHBAYN THE. Bk, &ZER
AT kP8 E XA&KF n-3 X n—6 PUFA 4 % 69 5 5 X 5 5.

17. BREBAEZL 16 AR, R THEARIRBEZHZLER,
Wity o L, EHAREHE. AXULERTOARH. S0
., EFBEAMBER, Usher 44, LBREB. ¥t h, MAEEKR.
HREAE, THREERRKAXEAFRE.

18. ARA A FRBASRBARSeGHBEGL WL o/ R AR
HEXRAWE. XEFHG AR,

19. ARA 5 DHA ¥ &, AR AHIMN fiE:—% ARA:DHA W43 iu
fn 3% 9 &5 ARA K -F.

20. REHAEK 1965AE, H I ARA:DHA Z b2 1:5 £ 5:1.

21. BREFPBAAER2065MA&, AP ARA:DHA Z b 1:1 £ 1:2.

22. HEFEBHMNEBLI19E21F—FRGRE, BTHBERREL. 55
. HHERE. AMERELACBRALAAFTLAKREGA.
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PUFA 3 &b #

AEPFBREAFHBILTHE S RIEF 0B & (PUFA). £ A4k
W, F2EZBFEEE 65 n-3FFRBHRRHE, 452 n-6 K
B v (ARA) o n-3 M8 =+ =8 %8 (DHA), —ZILHfKE
AERAFFBEEETFTTFHAAR, n65n-3 kG RE-FHES
SHEEARBREARGRERREENA. AT 2 RAAXHALYG
BEEMARARTAECISHALRKARIOE. HERZ, —% A&
Rt HBORKS —%8E, AABRKRASHLHAZIHTA. ®E,
BHARALAERAT IR S AGERZNREATH Z A, #leh
B E e BB
WE

sk AR C18 n6 BEREHRARA LI ESHN, B
HXFFEHREASE—BOEB R T, ArEbPKEHh. 24 C18
n-3 M Ba-ERBMHEDHLETAFN A, Al T, /20T
AR, RARRRAS Y. LA FFHEARELL T n-6 F A
n—-3 it H.

Bit, £ FTERSWRAMSRZAHATEEAIL n-3 BERA
Aok, —f&, A—s Rt c-18 Wik LA, BAECHLA
C20 5 C22 4TA Y e s R TR, B, —HGELE, BHEH
€20 & C22 n-3 M5B & (EPA #= DHA) & %.

LRSEAT, ARHMAMATEHAREZNHERKE n6 BER
ARA 4. LB RF, mAMRE B R B AW (FE)df L6 n-3PUFA
WA B4 ARA KF. A&EHHERLT, FPHEEBSA Y F ARA 2%
. |

XA ARA 4809 4K R B 2 THA . A A9 B b F KA EH 695
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M, CITAR G445 DHA Fo/ R EPA R A, HF A RL s ARA R £
ARFHH, REME, ¥ ARA LR ¥ 5 DHA o/ % EPA K &.

VAR 2 #5334 ARA 5 n—3 PUFA 694 ¥ £ 4t 5 L & % PUFA
FHIRE., A REHMREIAFLLSAEE ARA fo DHA, B4 SN
BILEXFTRAMY.

MBZT, RTRATHE, EXAXHAELE PUFA £ &, ¥
ARA #o DHA #F T A AALE P AL RE. Fd, 4T E#HKH, &
s PUFA R EM-F2 k4608, stst, FERABEA KE® PUFA KF,
XS TRBNESHHN T I TERREZARE, L4 LA PUFA
M, KXW F KB RX—FE, 4 PUFA G FH AP,
EeTXEMEAM.

AABR |

M. Makrides F (B F&EH L EY 50: 352-357 (1996) F &
M E DHA 9 A3F3BIR (A 0 £ 1.3g DHA/ X)) s B LIS 8 a5 4
AR, "HALMFERA TS DHA 44 DHA RABRE FRAHNE
BHMPMAER, BEFRHB¥ ARAKRY., EMHLRRAEED, THK Martek
Corporation, USA %3], ##4=.% % NEUROMINS™,

WO-A-92/12711 (Martek) F A4 A ARA 55 DHA §wiso%, W
4o ARA:DHA 2304 3:1 £ 2:1, A F A ERILE F 7R 4L 5 PUFA,
EAFMETAFTL (ARARFEH 0.5 £0.6%) .

Hil, K$44 PUFA 94 W ¥ A E. EFANATAL™ R & H,
H KR WA, 4 0 3ECDHA 125mg. ARA 8. 6mg #» GLA 40mg. & &
SH—Fh, AT EEATEH. PHACLEA, CHIKAEA ARA X F,
BALAKET DHA 2243 ARA 2 FEMEAGHT. AREAHFFHFEE
b2 —#BAK ARA. WRE3E M ARA S, REET4EA ARA. FXL
R4 A0S ALK RZ R,

EFAMARINE™ &2k & H, FT24A 4B PALEW, HFXRAH
¥, % A3i5MEPA 34mg. DHA 22mg #= GLA 68mg.

EFALEX™ 2344, # X %K RA —%%& (5n1), & F &4 DHA
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100mg. GLA 21mg. ARA 8mg & E & 6mg.

&L %23

AXPREF—FT AT RO ARMGEAAN, ASELATHES K
150mg £ 1g %5 (ARA) # €.

ik, EFMNES THELEK 200 £ 900ng 65 ARA, W4 200
Z 700mg/ X, &AEH 250 £ 400 X 500mg/ k.

RN OELLEANR (FHd) ANFHE, Al N, LH
PR EN. SMNASEHE (BEAREREK) 25, Aol s (AsEnk,
Wi, L. ) . @A, FE; %S, Hedol (X sk, ST
FRASA) . R, BAR (AEkH) ; 84 BERS ()
L. EEE%RR. ERE) . B AR, TLEALSHHELES (X
W, @&, EXANER). X440, RIS (B ILkFy, $&
HBEABHE) . EBEASPERLLRBARS.

ARA TR BEMELARE. ETUR B ER(HoiidHE5)
RE, RATARBREDRER, HwAE. SE 8.

FEMABALER, ABRELE AEEALEE. k6] ARA
¥ BAFZLAIFEER Pythium insidiosum. T4 H L LTHFHG
ARA W eLiE 4k B DSM/Gist—brocade-s, Wateringseweg, P.0.Box 1,
2600 MA, Delft, The Netherland % OPTIMAR™ # %k f Martek
Corporation, 6480 Dobbin Road, Columbia, MD 21045, USA &
ARASCO™.

BT ARA vASh, BT ARAL—FF R § # K€ PUFA. 35T 24 B ARA
A SRt 5 —#F n—6 PUFA (4= C18. C20 XK C22 IEHWid) , XEEBT
VA2 —# n-3 BEAFE (#4e C18. C20 X C22 Bs@) ., 45512 EPA
Fa/ % DHA. A TARALKXR T PUFA TUAR F BB K. BAR
B (Bl PTEXCEAR) GHBX, BLHBRA b =8

RPN eSS —Fn-3 B8, Kk E L EPAXDHA. #RER
DHA, ARZAH Mk ikIEA THEZL ARABAYNE, Wi X 400 £
600mg # DHA. HA, XA, wXEHMNEL EPA, BLacHhikiES
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TH XM 150ng £ 1g #9 EPA, 4= 250 £ 500mg EPA/X.

R WHEXRA (FAXBR) —Kk, BLAECTALHE 150ng
£ 1g ARA. R EXHR, R2EMTALH 75ng £ 0. 5g ARA, &
RZKRM4EH 50mg £ 330g ARA ¥, FHFLBNBRH. AE
M AR EER TTAE6L S PUFA, 4= DHA.

Jo R4 M 64—k E PUFA, B X &#F PUFA &% T 4 A A9 3¢ o4
AT, Hlde, R A IS —F n-3 PUFA, A4 ARA:n-3 PUFA (4
4= DHA & EPA) Z BT RA® 1:5 £ 5:1, 4hi&H 2:1 £ 1:3, 4H
1:1 £ 1:2. Tulx PUFA & A8sF 23472485, B4NA, ¥ (X
FYREEHIL) PUFA K, BAKEH®F.

ik, PUFA A B X AE. CTRARLEEHNOH, B4 (Hie
WA/ REEF ) KRB, XABTILES 10 £ 100% PUFA,
12X 2FHTAA 20 £ 45%, 4 H 30 £ 45%69 A % PUFA, 4 4= ARA,
R AMAHRGE. SR, BABTRESHERLE T S5 RERG—H
R EF PUFA. B TURINE— MR BEBRBITLGE— AW, X
FECTUARRBRERAC (Ll BRE7) RBRGHFR EFrde
oA RS, HTALAH—FASHRAALN (Htdm. %4
# E. dEms ), A&k EH A 50 £ 800ppm, #4» 100 £ 700ppm.
4 THE PUFA 95 & A& R4 A w5 PCT/EP9T7/01446
(WO-A-97/36996) . PCT/EP97/01448  (WO-A-97/37032) #v
PCT/US92/00517 (WO-A-92/13086) .

AEAER —F @A A4 ARA o DHA &5( 254 )41 4%, ARA:DHA
ZWH 1:1 £1:2. LLEN PUFA &AL TR R IFG-F4, &
¥ ek A DHA K-F, B R2 B DHA &% & % 4% ARA K -F. DHA
TARARE (HlE®) RESKBREBEAR (AkagFE).

F27 A2 0.1E3X5% ARAGLERAFEN (At ).
thiti, 2¥450.5%1.5%2% REAH0.3E0.8%. F—F@A
ZOLEZHRTEANES. ARGHERILERGF G FTEAFEREYH
PCT/EP97/01447 (FO-A-97/35487) #»  PCT/EP/97/01449
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(WO-A-97/35488) }.

BB TROEHE, AeAToR, STUARMALAS, X
AETAR O ARt H, BATRARRENGHX. S8k
¥ TR/, HHATRAEAXETES, ikt (H
S 7 B R B AR ) .

AEPLEZEABTALEE. BE, LHFHAAK (RELXTELY
HE, BERBENTLLEA) YRS PUIFAX P AR, Rit, €&
T A T A& PUFA K- R 8 Z 85 ANK,

Bt, AXBEFOFTHFEAR AL PH AL (HeAESE
REFRBAMNIEZATHHRAEL) , Haki:

a. HEWREY, FEH 15 £20%; ‘

b. FE4 8, F#% 40 260 %, #4050 £55 ¥;

RN, KAFW, FEAARALSHET;
RS, WA RS, R
Ry, R 1 EIAAR;

f. Bk &3 (IVF) mdedk, RFEEEE IVF &7 ( AIEHnK
Ahe IVF 42 ) 1238 % K ek,

g. R, JEdk 20 A KAk E;

h. 424k 69, FARERFARHN. TRKFIIBEY, EHAEHRRR
REBKER, XBZ-HXEHLEBREE (#4 PUFA) ;

i. 3K H R 6y

jodedkty, ATFRAFTTALERIBIMER F

k. 5Ly, A T¥IlakcFi65 ARA % EPA X F.

AMIHERAT, ZEFHEBRINEFRLY, ELEEHNIARE
EHEE (Fefire) g T LE.

sMEHE gk, (D TPHBLABLERERTRAMNGR TR
b, IAWTERGKET ESRILZAGEREEAAKRER. BRYS
BILABE (BFFF) TUERINMAZSFA4A LR ERAARS, BiiEd
¥, B FAL PUFA ZA LR ERFRBILELKE T3 X & PUFA, A A

a0

o
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SR &

FERFEMYB A ARA 7 50 FAL, kAR 65 FHA (BHH
i) S AE (RAERERETREAMN) .

FooxF @A ARA ERIBALRORASG LG HGBE
(SRR RE RN .

ARA &34 X 38 150 £ 700ng, BREAHE X 250 £ 500mg.

AERAZ LA HHFEAR EHBHETHNE, ZEHAT(F
BiT) BB, ik, REREF L5 ook P64 FRKKF n-3 X
n-6 PUFA A X R BRI ME. AXHHELLATELRKAKTF ARA &
ZHEFHTHME, FlRERRRIFREALELEDR (LA)H ARA
. B, E4GELTREANC-LIBPBIAERR. LXK
REZ,

C.5EIARPUFA 26 (B R)BE, ATEREFRRARNGER.
BHRPLERFHARBHANGALEZRR, Qiefmhlin, 5%
Feps AR A A HEW. CETRHABBEHBARAPTTALKEE, i
HEFEAKLPRHMNAAAK (FBIL, R ehE) THRGEL,
Yo X R &% & AT

PIFEACZER, FREBIME. FRANBELERE KT
A PUFA. 5302 Mk PARAKFE69 ARA A %. BEbilA, ARA X PUFA
MBS EERBAY TFRE., ik, AEXAFXEEZRRFAE. AX
RABOIE WELER, Ao is. FHAEEH. AARLE
HEG AR SEAREL, EEBRBMABR, Usher 5648, LLES.
HTH, MAAKRFA. FRAERE. MAXSERAAEATEERE.

A @& ARA B T34 DHA & R ik, M TRFA XA LM
W LA A/ RAEAARERRGBERET .

AEXRESZLFA@F A ARA 5 DHA 69 A&, (ELAHMT)
ARA:DHA #:—Z KBl T o ik 45 ARA K. 4Kk, ARA:DHA Z
A 1:5 £5:1, #Hdwl:1 £1:2.

AKPHNENTAAIKAR K EGAREA, HinBriEd. %
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BE.HDERL. AMERLZEARFIMLEA LR LR S HGS
B

FuERAF@HAREEE ARA (FTihed DHA) A & X 4k 4 4 #)
MEETE (MK, ARSHY) GL2EF7% APBSHAEELRH
HHBERAEHLEFTRE, AFXOEARLZAGEBINHNETSA
#. WwRLEHE, FWHTAHER GLA #/2 DGLA.

ARA (#» DHA, R A &#) HHNERLS T KA ZIFY, B
&b F R & (EFA) A R R 2 L2 20:4n-6 (ARA) KFH$1L20:3
n-9 B R & (F B &) (mead acid) X-F) F/X EFA FH/BE (XEXL
2 22:6 n-3 (DHA) KFMeik 22:5 n-6 KF) . X¥, ZKkFaEEL
diE (HmbEimBEAR) . B, BE . B, 2RI BILYGEKRE.

AERE—FT O ELGRAFEPREANFERT S —F5 8, Rk
pJE e o AR R o

T o i EEALB, FRMEHREAEY.

Tl 1 £ 3 A PEILH PUFASAS SN 4 |
A LA E -6 5 n-3 WigHS, ABEENRSAEEL—HE

A,
WA REAFEHNEGY, F—HE4n6 PUFANG S =HAFANE
4 n-3 PUFA 8R4, E2 n6 PUFAMIMARLKRAB S LARE
BABEEMITES, SAKY 40% ARA A ZEZHRHKR. £TE4
n-3 PUFA #93#, =#RF&EKEZ: #FH EPA (45%L L) {& DHA (&
10%) &% ( £ & Pronova, Norway, # s .% EPAX"™, &% %
EPAx4510TG ). & DHA( 50%¥k £ )& EPA( £ 20%) &% ( & & Pronova,
IE M, ~5B%%5 EPAx2050TG) fo ¥4l % Crypthecodinium
cohnii WA MRS Ak, &4 40%DHA KA LS IRA R, BAF
- F 4 % EPA( % B Martek Corporation, Columbia, United States
of America, W &% DHASCO™) .

ot Ins, FHAMEETALMAEH -3 5 n—6 PUFA. X

7
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¥, Z#AHEP (L% 1 £3) G ARA:DHA Z b H 1:1. ABR#%EE
P, SENEAHBEGHARLENRALERPRR, RE5RETGEA
B ME, ZXHATHERRERE, FEKRESH 400mg ARA
$» 400mg DHA. ,

Faet] 4: #) 4 T3k -T-20 3 B0 B B89 ek J2 e 43 &5 R #5449 PUFA

ALZHRAFEEBRAESR (AF) IE2FF 658 15 Axi
HF 20 55 25 Al &Edkadcib £ ARA #= DHA 6555, ARA &%
A 38% ARA 65 H3h = 83, "M DSM/Gist-brocades, Delft, The
Netherlands £ 3], B .24 OPTIMAR™. XX - ABHL#EEE
FEhegil. 2T DHA, RAASAT S DHA M & ME NS £E4TENW,
S M Martek Corporation 369, H4F.4% % DHASCO™,

B R T B £ AERE A% ARA #o DHA, 5XAE LG
Bkt R ENAl ARG EEREERE AT
WAL mMB ARA 55 DHA 1A, BBk &k o & 22 65 ARA 5 DHA &
%. #3L65 ARA 5 DHA &%

ERA—HF A 10 LERBELGBHL. — L84 (L2
) BERES—EXFEKRE (4 250mg ARA) 3 (44 38%ARA)
Fofi X —F k¥ (#4% 500mg DHA) & (44 25% DHA) . stRaf
SETERAEE, MHAREIRERREN. TRAHNBRAYHRE
ZEBRAMFY, REETEHBEARA.

fAXBFHEhErHLELHE. ARAFTARBETFRHLGLME
G EERNEL MBS (B8R .

AR afL e, 24 ANELRAARELHRFOL
4 DHA #o ARA. X EHZARFARAHAMEEZRYE, AFFaepF
A IO Fhott, EHAFTLFH ARA KL ELLZH 55 0.8 £ 1. 0% ARA.
Fob, BARFHAN AR PH AR AFSGTHRA. IAXRANLTR
KRAEEREFTHEZFARABRTAAERENL.

&) 5: G F A E-F e PUFA

WiEAZERHRHEATE -3 PUIFARANEER, LARERAHR,

8
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LEEAEMEZRAFTEXERRAFERLIK PUFA R AH
. AARAFSREZA- LB LA RE, R, TR 2,
AEAHAEFA, BAARKFORMTRILRLZEENRE BHS.

B EAES 1 HEHMN, 44 DHACARA X635 2:1 65 n-3 %5 n-6
PUFA, ¥REXNREA. 25 FHPak (E565%5) 28, MeHh
# X 1g n—-3 PUFA.

—ARE, BERAFELBRG PUFA RE. RBEMARALT,
DHA K -FARA I A, o ARA KFFRFER, AFLEALHATEFEBR
¥, B, PAFESHNMNEHESS n-3 PUFA RS R KREFE ARA
KERTHA.

LS 6: E1dEdka Ak & PUFA

&M LB G4 PUFARE. F—#H4H ARA, 44 500ng. ©
MAELBRA —H. ARA R ABLED GBI RB/LG, K
DSM/Gist-brocades, Delft, The Netherlands £ %, H &L H
OPTIMAR™, LK EAAPEK, 24 20ng L2 L E. EHE T M
@ik, BAF S (BG00ng)# DHA, RUBAHBEGBXAELESY, K
Martek Corporation, Columbia, United States of America ff
3] ( § &% A DHASCO™) . X R & FH RAERXRA —E.

Mtk kAR, RNFXER-E AR KR, XFXBER—
¥ ARA F»— . DHA B &, EMARBOZ2EA LA KK A% ARA KF
k. BAETRKE8KkBL6G4KA ARA ok AK-F, FHRATES
MEHR., F-ABRXAMNIS £20 F55 -k, X TiXtal, X2
g —kdik, 9TFH, ARRNTETHAETAL ARA # ARA
Ao DHA. X F#F R e T AR ARA KF.

FiAF R 6 & — Mk ik 40 £ 50 ¥ . etk B ] X R4 654k
N K FEBFAHAFTETRERT. AHLHATS LR —FIF
EHRBNGRFIAET.

HEZLLBHRARBEHEY, FRAL -8B ARA BEHP—F
DHA & . KX B85 ARA R A K- FAast &k, ZTREDRAEF R
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H#) ARA A A B LT ROl A K 4. WX Bda &AL £ ARA #= DHA K £,
KR Ao ARA K-EHHh T,

%34 70 F1K PUFA B85 £ 2 /7 44L& ARA #o DHA

ML Ead 6 EARNKE, 22X K6 ARA BRERLH
250mg ARA. XK ETREAMA—AXBR, BEZALLEH B .

B RAET KR ERIKLE PUFA £ E8A. IKPUFA 228 R HE
FERZABEMP RN, X, LEARAKXFEAHAFRA R AT E K PUFA
K, HHBERBSEHN S ARA &, ARA:DHA -4 T A3 mik A
ARA K, BTURB-BERER. AMMMAIARERRZL FHTHRA
ARA A S 93 L KRR R, HliA6-kBPBHARERSEL. PHAX
RiBF FHAKPUFA KPR GERBRS R ER, S HEL, LE
AR R BEARE. B REAABARTE GHEARRBLEAGE
FRABE 2B &L (AIDS &3 ) LAAKAKFH PUFA.

BT THAR, FARA—EXME ARA IR&, 4% ARA:DHA &
v 1:1 & 1:2. EILFHARRAT, REAABRAXERKE (£5 3
) B ERBE RN M THRA ARA sk K -F.

L4 8: BILALH PUFA 94E K

HEBRK (BAR) pREZLILRFGRILESE, 24 0.5% ARA
#20.5% DHA. WEZARFANBEFHARFOFTELTN A AREAR
FAHRERBRLRIL, AR, WERXEBRTSAHRNEAGRARE
S FEFGIILGAA ARA LK PE. KRR THILRIFGRILL
ARA K- F48 % T2 HLRFHLIL.

et 9 fo 10

HEXTHABLAREGRCHAY KSR, —H8XHEXAAH
¥i EFANATAL™ A # (4 9 327X DHA 125mg. ARA 8. 6mg # GLA 40mg) .
£ T, A Mk iR ANAEGKE (BAERK/ Hist
£), HEBKEE&4% 150ng ARA (£ H ARA 3 F % 300mg ARA, #
X2BEE). ARFoad, ERAZZEERE, BX—8, B4
# 500mg DHA.

10
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i mAElia kAL FEH ARA KE. FHETHENTH ARA
2

AE % — A~ EFANATAL™ 4+, 3% EFANATAL™ % 3669 X 5 JF42 512
AEAFABARA K ik ¥ BERRK, EFLTHRIBREG B,
MBZT, AAAEXRABE ARA K& —% DHA K &% ARA
K fn sk e, BT ME] 0. THA L,

Fatfl 110 AEFE ARA fo DHA B E BRI AR RES

AR R AR GFL DB EERARNG ML EFERFETAL
KREALL, BHRAZSEFLAZBIWLELEHRE, FTHSEHRS
Y-gx. Prit e A i by ak it p ST R AR A X AR, TR
ot —BRBEEEAGBEZAARREAIERY, Ao AREL
PRERZEFHFRR.

BHARTREAFTAHRRAGTESIBRLEGKE. RHLEA
MABR RV ALK BRALBETUERNABRYBESE, iR 2THR
PEeir BHFEORNRZCEEZSERIBRATTFR, HEILF
FERTREAERAYS, HAERIHFXERA LN AHYHE
Y, A H ARG ERLEERERR. FROBRAADRELAER
WBILeg L ERB R (EFA)ELE., £ “AR” KAT, EAHR Y oEN
Y, FRTREFEREPHEFERKE., EXZRNF, &M
ST EHRAL, FEARKIFRAFPHLERBERRE, 212
B REHG e RREFH, Ak, FrERPEGTRRESRESEZ. A
B, AW FLEBEAT, PIARERL LR, HHA
BT EHEREEF S XATGAH, A THBLGLEREREL.

KEF, # 40 X 8-10 A& 68k b Z AN b HAAARSR 1 A
MESRS8AEE4: RD 1 £4FEFAD 1 £ 4. RDA%ZERE TN
AR, AA 6.5%M. EFADAEZ SRS AERBROKE. R
A1, BF1 24 5TF&#HMMAEAA. ARA £ 8 DSM, Delft, DHA
# @l Pronova ( &) , Hewi @6 FHEM AL,

11
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A1 BEEANEEREBAENE S $. KLS2H 3.8%% 5. 6%

(g/g) M.

RD % MCT ARA DHA
EFAD | (P HHEH=Z8) | (AW HEH) ((ZF_&XHBH)
1 19 0 0
2 15 4 0
3 4 0 15
4 0 4 15

RD (LR AXA) F= EFAD (o HEMATERSZ ) KA VAR BIGF M 64

BeRr MR MNAER 2 F.

22 BRIFLSOEWRAR, AERWHREG gk =.

)09 RD R X EFAD S8 & MCT ARA #1 DHA ¥
8:0-12:0 100. 00
14:0 0.10 1.90 3. 60
16:0 10. 00 44.78 16. 14 19. 50
17:0 0. 10
18:0 4. 00 54.73 12.10 5.11
20:0 0. 30 0.85 0. 34
Pz.—o 0. 30 1.48 0. 29
24:0 0. 20 1.55 0.18
| 18: 303 7.50 0. 58
18:1w3 0.96
20: 1@3 0.39
20: 503 6. 52
| 22: 6003 1.33
22: 603 (DHA) 25. 08
18: 266 55. 00 7. 01 1.74
18:3w6 3.24 0.20
20: 26 0. 38 0. 30
20 36 3. 85 0.11
| 20: 406 (ARA) 37. 64 2.15
}22:4«06 ‘ 0. 41
22 506 i 8. 32
16: 107 6. 00
18: Lm7 0. 45 2. 77
18: lw9 22. 50 0. 50 13. 01 12. 60
720 1009 0. 36 0. 96
22: 19 0.12
20 309 0.04
24: 19 0. 46
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HAtaEwmASBA., —AARDO) RBLEMTEAIL. o
#E%5 RD 0 MRS A, 22K % 4k (NP) 5% 4 (outgroup).
Hit R LR,

K owmaRT o ekt frdg,

A 3 dm&geriak

X E0E
F-3 X MEANEHS5IUFolligonan (FSH) IP (A& 4@, NP K sp).
ALk RERNLE.

F-1 X BB AESE 51U Chorulon (hHCG) IP ( B A 41, NP E&4b) .
g A BANE T (FPAH, NP RS .

F 00X R pENK.

%15 £ A RITHERE (N,0/0,F 4-6%) TRICHF R FEF.

B Folligonan™ # Chorulon™ ( %k B Organon, The
Netherlands) #4768 AL 25 2% > Rt , AHBAEAR
LD RGEYEBRASEGHRIETEY, BXRAKIE. ALMN
GiEZMEEREPREAABILGEHARI N SRR A K. A AL
AR CEGFTEETIFAEHFE 5. JLPIRI.

Ty kit, HH/HEHHI. 9g4E, ERDE5EFADAZAEAR
#%F. PUFA 4R Hl ok 4 A F.

A% 4: ARA # DHA 4R A F, 2RA RS GG RpHF X BRI
mg & F.

( ARA DHA
No. A B A% mg/ X AR mg/ X
0 RD 0 0 0 0

| RD+MCT 0 0 0 0

2 RD+ARA/MCT 1.29 2.7 0 0

3 RD+DHA/MCT 0. 30 0.5 3. 30 5.1
4 RD+ARA/DHA 1.63 2.5 3. 25 5.0
i EFAD-+MCT 0 0 0 0

2 EFAD+ARA/MCT 1. 11 2.4 0 0

3 EFAD+DHA/MCT 0.34 0.5 3.73 5.9
|4 EFAD+ARA/DHA 1.58 2.3 3. 27 4.8
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B, BEEFAD REFAEFLA BB DI B FHOAEHLTHER
LERBERELZ. SHBHKO K FERRLA AL 48
PNRZBILFEAEN;, REROFP NP TUAHI—5 (HEEHE
wHR) . B TRABA, ARGFRENRITFRE, ARSI
HHRIBZAGERFERATARS. ERERAT, RAEHEANE
RGP lh., BRIk 5 FFF.

A 5: bk A4 tmie o 9 56 F WA R (EFA) K.

PUFA (Ho#) RD+MCT EFADAMCT
18:3 n-3 0.19+0,02 0.056x0.01
20:5 n—-3 0.24%0.02 0.09+0.03
22:6 n-3(DHA) 6.38+0.25 4.53%0, 28
18:2 n—-6 8.43x0.08 3.00x0.12
20:4 n—6(ARA) 17.23+0. 44 18.87+ 0. 84
EFA L AIRH
20:4 n-6/20:3 n-9 63 11
EFA FH#7384t
22:6 n-3/22:5 n6 11 4

EFAD ¥+ XA ERBBAFREIRIK, HEwHERS;. R, K
FERAHEEALTFEASLTE, NABERFN(-6)LERBBRES.
X—5M EFA ARBETHEAE, REBAIXLEWHK(20:4 n-6)
A XEEMBERKR(20:3 n-9) X, 5 BRIAEIHG
BATER, FHEAELFEWSRRUGLEREF X EXHHRL
T, AR, ELFERHRER08:1 n-DEKPpLief, FHE
M PUFA n-9 £t A, MA 5 TH 2 AE, % EFA R ARHEE
EFAD "R & F A bE3 T M.

F—FEHEEAF -3 5 n6 L ERHEKYERK-FH. & EFA F&
35 5T DHA (22:6n-3) 5 b4 vath & (22:4n-6) Z b, # 5 E 4 EFAD
R RN

Bt ] R, EFAD RN AF AV RN LA F EFA £ 2,
X OB R P E .

RKEEatge P AR ENHE&f/X DHA R F R KM AL
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P e XM, BANBERLLZRD) MAGAREENLAEL 6
i

4k 6: AMA PUFA I BMFBR AR MMM A st V654 BRI %
HHrh., A SHAEA R AGE 5457,

RD RD-+ARA/MCT RD+DHA/MCT RD+ARA/DHA
18:3 n-3 100% | 93% 74% 82%
22:6 n-3(DHA) 100% | 85% 131% 132%
18:2 n6 100% | 84% 94% 100%
20:4 n—6(ARA) 100% | 107% 79% 93%
20:4 n-6/20:3 n-9 63 59 59 67
| 22:6 n-3/22:5 n-6 11 9 15 14

KB NAA ARA #, DHA 693 AL M ML T £ € PUFA 5K -F. A%
ZTF, L6 MEE PUFA RS, WEABHERAZG D ZLLL N
. BFFAHEARHF 3 ARA RABMMAL, 1A EFA FHBEAEH. X
TR AT R A o W 31 A, DHA:ARA K295 2:1. AME, ¥
AAMEIR ST EFA AR, PR XA B RFAMIH RS 6§42
fo 3t

REMFANE PUFA 2 F F 3 EFAD R oo F 6456 F I
BMREGHE.

£ 7: A PUFA TSR Mk S 6 MH b Ao tole b 89 i & I

MY, RERrEEBIE L RD AW G 5 % % F.

[ EFAD | EFAD+ARA/MCT | EFAD+DHA/MCT | EFAD+ARA/DHA
18:3 n-3 24% 37% 25% 34%
22:6 n—-3(DHA) 71% 70% 174% 171%
18:2 n-6 36% 42% 49% 44%
20:4 n—6 (ARA) 109% | 121% 70% 90%
20:4 n-6/20:3 n-9 {11 43 43 67
22:6 n-3/22:5 n—6 |4 5 16 16

A 7 £, EFAD MR 2f PUFA At H A EMERA, LA EMN

#5 DHA K &,
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AEH: m DHA ¥4MH 38 ARA REABERIK. FAPENL, A
PUFA 4% T 3tk 5 PUFA K, % C-18 A FER Y 2B, A#E
X, BEHEAHNZE—FHEFA LRBR LKLY,
wEMARST A oE T PUFA REZF LR ERBILGR A, Hi
FAVGEFBILEAFHARMASRE: LE#H, BR(PLEHF2Ham)
WKL T PUFA RS R F 634,
RD "Rk oy 8 B ILE I £ 8 FF 7.

% 8: %) EFA % R t58 S 404 PUFA sp DA B IL AR P L ERE B
%, RD A SEEN nol - 99547, SRAGKE &
¥l RD A6 H 9 R AT,

RD RD+ARA/MCT RD+DHA/MCT RD+ARA/DHA
22:6 n-3 (DHA) 5. 89 101% 135% 125%
20:4 n-6(ARA) 11. 87 | 103% 93% 102%
20:4 n-6/20:3 n-9 |27 30 28 40
22:6 n-3/22:5 n-6 |8 6 18 13

B3 R, AN B ORD RN DRBILLE P o) PUFA REA L
EEAE. RANR, AAWBHANEEREEFA LLEH, K55
Breeg¥abMAMR. Fsh, HFSEA DHA #9335 F K EFA + & #H
HEFRS.

% 9: & EFA %568 ZAA PUFA st B IL AR P L ERMB
MW Y. RSRFRSCIEVL RD MM A 5 4 7. EFADHAA/MCT B R &4
ERR 69 bR KL

EFAD EFAD+ARA/MCT | EFAD+DHA/MCT | EFAD+ARA/DHA
22:6 n—3 (DHA) 61% - 160% 146%
20:4 n—6(ARA) 98% ~ 76% 83%
20:4 n-6/20:3 n-9 |9 ~ 14 17
20:6 n—-3/22:5 n-6 |2 - 33 24

BBILAIE RS L F WG R F 4~ F.PUFA ¥4 R % &% EFA
FR¥H, NMERIERDAF. ATREGTFHANPHRLEDHR

16




QQQQQ
.......
- - -

-
n vty

TSI, BHAYEFA PHBEALESH T RORFGFABLIL, &
BT PUFA RRUCE SR BILAFY. FL, AHiNTasLits
WHEBENTRERE, RESHAZLS RD A, X—S%AT FHAIL
0ok bk, £ % 6-FA RS AL LB LIRS,
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