
ARTICLE IN PRESS

Prostaglandins, Leukotrienes and Essential Fatty Acids 81 (2009) 165–170
Contents lists available at ScienceDirect
Prostaglandins, Leukotrienes and
Essential Fatty Acids
0952-32

doi:10.1

� Corr

E-m
1 Su

Children
2 Su

Surgical
journal homepage: www.elsevier.com/locate/plefa
The essentiality of arachidonic acid and docosahexaenoic acid
Hau D. Le a,1, Jonathan A. Meisel a, Vincent E. de Meijer a, Kathleen M. Gura b, Mark Puder a,�,2

a Department of Surgery, Children’s Hospital Boston, Harvard Medical School, 300 Longwood Ave, Fegan 3, Boston, MA 02115, USA
b Department of Pharmacy, Children’s Hospital Boston, Boston, MA 02115, USA
78/$ - see front matter & 2009 Elsevier Ltd. A

016/j.plefa.2009.05.020

esponding author. Tel.: +1617 3557103; fax:

ail address: mark.puder@childrens.harvard.ed

pported by the Joshua Ryan Rappaport R

’s Hospital Surgical Foundation (Boston, MA

pported by the NIH (Grant DK069621-03)

Foundation (Boston, MA).
a b s t r a c t

Objective: The purpose of this review is to correlate the clinical finding that patients receiving

parenteral nutrition with a fish oil-based lipid emulsion do not develop essential fatty acid deficiency

(EFAD) with an experimental murine model, thus showing that arachidonic acid (AA) and

docosahexaenoic acid (DHA) are likely to be the essential fatty acids.

Background: Conventional belief is that linoleic acid (LA, omega-6) and alpha-linolenic acid (ALA,

omega-3) are the essential fatty acids (EFAs). We have shown that a fish oil-based lipid emulsion

containing AA (omega-6) and docosahexaenoic acid (omega-3) and insignificant quantities of LA and

ALA is efficacious in the treatment of parenteral nutrition-associated liver disease (PNALD), a major

cause of liver-related morbidity and mortality. The prospect of using a fish oil-based lipid emulsion as

monotherapy has raised concerns of EFAD development, hindering its adoption into clinical practice.

Design: Data from patients in our institution who received PN with a fish oil-based lipid emulsion was

reviewed for clinical and biochemical evidence of EFAD, defined as an elevated triene–tetraene ratio

(Mead acid/AA40.2). We also investigated the minimum amount of fish oil required to prevent EFAD in

a murine model and determined whether DHA and AA alone can prevent EFAD.

Results: No patients receiving PN with a fish oil-based lipid emulsion in our institution have developed

biochemical or clinical evidence of EFAD such as an elevated triene–tetraene ratio, growth retardation

or dermatitis. This observation parallels our previously published animal studies, which demonstrated

prevention of EFAD when 13% of total calories were from fish oil. Moreover, current work in our

laboratory shows that AA and DHA provision alone is sufficient to prevent biochemical and physiologic

evidence of EFAD in a murine model.

Conclusions: When dosed appropriately, fish oil-based lipid emulsions contain sufficient EFAs to prevent

EFAD. Furthermore, AA and DHA alone may be the true EFAs.

& 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Essential fatty acids (EFAs) are termed as such because they are
the ‘‘essential’’ nutrients for growth, development, and function.
EFAs must be acquired through dietary sources because mammals
cannot synthesize them from simple carbon precursors. Tradi-
tionally, a-linolenic acid (ALA, omega-3) and linoleic acid
(LA, omega-6) are considered the only EFAs. This view is
supported in textbooks on biochemistry and in the current
literature [1,2]. LA and ALA are considered essential because all
downstream fatty acids (FAs) can be synthesized from these two
18-carbon precursors. Among these downstream products are the
highly physiologically relevant arachidonic acid (AA, omega-6),
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docosahexaenoic acid (DHA, omega-3), and eicosapentaenoic acid
(EPA, omega-3). These are considered critical metabolites as they
are important precursors to both eicosanoids and prostanoids,
mediating numerous physiological and biochemical processes.
Recent evidence regarding fish oils, which contain very low
concentrations of LA and ALA, are rich in DHA and EPA, and have
small amounts of AA, may necessitate a re-evaluation of what is
truly an EFA. We review the evidence supporting the premise that
other polyunsaturated fatty acids (PUFAs), particularly AA and
DHA, may be considered EFAs.
2. Essential fatty acids and their synthesis

The term EFA was first coined by Burr and Burr in 1929 when
these FAs were used to reverse the symptoms of EFA deficiency
(EFAD) in young rodents fed with a fat-free diet [3]. In a series of
experiments, rats were maintained on a fat-free diet until they
developed signs of EFAD such as dry, scaly skin. Various doses
of LA, ALA, oleic acid (OA) or medium chain triglyceride (MCT)
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Fig. 2. Eicosanoids synthesis from arachidonic acid and docosahexaenoic acid

(adapted from Lee et al. [52]).
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oil (as hydrogenated coconut oil) were then provided, leading to
the discovery that only LA and ALA were able to reverse the skin
lesions and facilitate growth [4,5]. Hence they were termed EFAs.
LA and ALA are members of two PUFA families, the omega-6 and
omega-3 FAs, respectively (Fig. 1). PUFAs are an integral part of the
cell membrane, significantly impacting its fluidity and function.
Within the plasma lipoprotein particles, PUFAs serve as the major
constituents of phospholipids, triglycerides, and cholesterol
esters. There are three major families of PUFAs: omega-3 (e.g.
ALA, EPA, DHA), omega-6 (e.g. LA, AA), and omega-9 (e.g. OA,
Mead acid (MA)), all of which are metabolized using the same
group of enzymes. For example, omega-3 FAs compete with LA in
the AA pathway, thereby reducing the metabolism of AA to
prostaglandin E2 and thromboxane A2 (Fig. 2). These PUFAs
produce numerous bioactive metabolites that mediate inflam-
matory responses, serve as secondary messengers, and regulate
various functions such as platelet aggregation and vascular
tone [6].

Among these three families of PUFAs, only OA, a parent omega-
9 FA, can be synthesized by mammals from simple carbon
precursors. Both the parent omega-3 and omega-6 FAs must be
acquired from the diet, as mammals cannot insert double bonds at
position-3 and position-6 to produce ALA and LA, respectively.
Rodent studies have shown that ALA and LA can be synthesized
from 14-carbon omega-3 and omega-6 PUFAs, homologues of the
18-carbon ALA and LA, respectively [7]. However, 14-carbon
omega-3 and omega-6 PUFAs are not present in sufficient
quantities in the human diet. Humans can also convert the
16-carbon omega-3 and omega-6 PUFAs, hexadecatrienoate and
Fig. 1. Pathway of metabolism and synthesis of omega-3, omega-6, a
hexadecadienoate (found in green vegetables), to ALA and LA at
3.5% and 0.2%, respectively, but these precursors are still
inadequate in the human diet [8]. Thus, ALA and LA are considered
the EFAs. Sometimes, AA, EPA, and DHA are considered condi-
tional EFAs because their production may be inadequate in certain
conditions such as prematurity and periods of growth, thus
requiring exogenous supplementation.

In vivo, LA is desaturated by the action of enzyme D6
desaturase to g-linolenic acid (GLA, omega-6) by inserting a
double bond between the sixth and seventh carbon. GLA is then
converted to dihomo-g-linolenic acid (DGLA) by the action of an
enzyme called elongase, by the addition of two carbons. DGLA is
nd omega-9 PUFAs (adapted and modified from Lee et al. [52]).



ARTICLE IN PRESS

H.D. Le et al. / Prostaglandins, Leukotrienes and Essential Fatty Acids 81 (2009) 165–170 167
then transformed to AA by D5 desaturase, by the addition of a
double bond between the fifth and sixth carbons. AA is very
important for the synthesis of eicosanoids as it is the primary
substrate for the synthesis of the 4-series leukotrienes (leuko-
triene B4, C4, E4), the 2-series prostaglandins (prostaglandin E2,
prostagcyclin I2), and thromboxane A2. These eicosanoids are
mediated by cyclooxygenase (COX) and 5-lipooxygenase and play
important roles in cellular signaling, inflammation, and vasomo-
dulation. An intact pathway between LA and AA is therefore
important to maintain adequate levels of AA and its downstream
eicosanoids (Fig. 2).

Similar to the omega-6 pathway, the omega-3 pathway is
mediated by the same set of enzymes that convert LA to AA. In the
omega-3 pathway, ALA is transformed by D6 desaturase, then
elongated and desaturated to EPA. EPA serves as the main
precursor for the production of the 5-series leukotrienes (leuko-
triene B5, C5, D5), the 3-series prostaglandins (prostaglandin E3,
prostagcyclin I3), and thromboxane A3. Eicosanoid synthesis is
also mediated by the COX and 5-lipooxygenase pathways.
3. Essential fatty acid deficiency

EFAD typically occurs when less than 1–2% of total calories are
provided from EFAs. In the general population, EFAD is extremely
rare. Holman described the symptoms of EFAD in rats and other
mammalian species that included primarily impaired growth and
dermatitis, and secondarily hepatic steatosis, renal toxicity,
pulmonary abnormalities, and an increased metabolic rate [9].

In humans, biochemical changes consistent with EFAD can
occur in as little as a few days in infants, and within several weeks
in older children and adults. Clinical symptoms of EFAD may take
4–6 weeks to appear in older patients. Physiological and
pathological signs of EFAD include growth retardation, hair loss,
infertility, coagulopathies, dry and scaly skin. These clinical signs
were initially used as ‘‘biological’’ markers for determining dietary
deficiency of LA [10].

Due to their limited fat stores, premature infants may develop
EFAD in less than a week when EFAs are less than 4–5% of their
total calories. It may also occur in patients with chronic
malnutrition, malabsorption, and in patients receiving prolonged
courses of parenteral nutrition (PN) without adequate fat calories.

With the advent of gas chromatography and standardization of
fatty acid analysis, a biochemical indicator of EFAD has been
established. This biochemical evidence of EFAD is a state of
decreased AA levels and increased MA levels (Fig. 1). In times of
deficiency, omega-3 and omega-6 FA stores are depleted. As
discussed previously, LA is normally converted to AA, a tetraene.
Desaturase enzymes display differential activity in the following
order of preference: omega-34omega-64omega-9. As a result,
conversion of OA to MA (omega-9), a triene, only occurs when
there are low dietary levels of both ALA and LA. This metabolic
switch is seen as a compensatory mechanism to maintain the
number of double bonds in FAs incorporated in cell membranes.
Therefore, an elevated MA level in conjunction with a diminished
AA level has been associated with the EFAD. A determination of
the relative amount of MA to AA, called the triene–tetraene ratio,
can be made.

Through multiple, extensive experiments in the 1950–1960s,
Holman et al. showed that the dietary requirement of LA in male
rats required to prevent symptoms of EFAD was approximately 1%
of the total calories. In this classic experiment, Holman [11]
demonstrated that the triene–tetraene ratio in plasma, erythro-
cytes, and heart tissues was less than 0.4 when the above criteria
for LA was met. However, due to the nature of his experiment, in
which rats were deprived of all exogenous fats, this ratio reflected
a deficiency of both omega-6 and omega-3 FAs. Moreover, more
recent studies using more sensitive age-based range criteria for
plasma EFA status suggest that a triene–tetraene ratio of greater
than 0.2 is diagnostic of EFAD as the average ratio in normal
individuals was found to be less than 0.170.08 (standard
deviation) [12–15]. The minimum recommended dietary require-
ment of ALA is 0.2–1% of total caloric intake in adults and 0.5% in
infants and young children [16].
4. Essentiality of arachidonic acid

Because LA is abundant in the human diet, the amount
of AA available almost always exceeds the level needed to
maintain a triene–tetraene ratio below 0.2. It was only upon the
introduction of parenteral nutrition that EFAD became more
common. It was first reported in patients who received PN
without dietary fat supplementation [17]. In rodents, AA alone has
been shown to be as effective as LA in preventing symptoms of
EFAD such as skin lesions and growth retardation [18]. AA
supplementation has also been shown to prevent epidermal
water loss as it is retroconverted to LA [19]. This is not totally
unexpected, as LA, a precursor for both DGLA and AA, is
incorporated into epidermal phospholipids that function as the
water-permeability barrier of the skin [20]. AA has also been
shown to play an important role in closure of the ductus
arteriosus in a rodent model via its eicosanoid pathways [21].
These studies demonstrate that AA can replace LA as the sole
source of dietary omega-6 FAs.
5. Essentiality of eicosapentaenoic acid and docosahexaenoic
acid

Omega-3-derived eicosanoids have been shown to be either
less-proinflammatory or ‘‘anti-inflammatory’’ while omega-6-
derived eicosanoids are believed to be proinflammatory [22–24].
More recently, EPA has been found to be the precursor for resolvin
E1. Resolvin E1 is a lipid mediator that plays a major role in
reducing the inflammatory response by regulating leukocyte
extravasation through cell surface adhesion, reducing leukocyte
rolling, and by reducing platelet aggregation [25–27]. EPA is also
the precursor of another potent omega-3 FA, DHA, which itself is
the precursor of neuroprotectin D1, a lipid mediator that has been
shown to protect neurons and retinal cells from oxidative stress-
induced apoptosis [28].

To date, there have not been any dose–response studies in
animals or humans investigating the ability of ALA, EPA, or DHA to
reverse omega-3 FA deficiency. Perhaps this is because symptoms
of omega-3 FA deficiency are difficult to diagnose and monitor.
Typically, symptoms attributed to omega-3 FA deficiency include
visual impairment and learning disabilities [29]. However, there is
no effect on growth rate, and the dermatologic abnormalities that
characterize omega-6 FA deficiency do not occur. Similarly, the
lack of ALA in a person’s diet will not raise the triene–tetraene
ratio, as adequate LA intake can mask this deficiency. There is
currently no biochemical marker for omega-3 FA deficiency as
there is for omega-6 FA deficiency. Omega-3 FA deficiency was
first reported in a patient receiving PN containing fat emulsions
rich in LA but containing very little ALA [30]. Omega-3 FA
deficiency was also reported in patient receiving gastric feeding
with formula low in omega-3 FA [31]. In these subjects, both total
plasma and tissue omega-3 concentrations were lower than
controls. Unlike their omega-6 FA counterparts, there are no
accepted values for plasma or tissue EPA and DHA levels below
which symptoms of omega-3 FA deficiency may occur. In rodent
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Table 1
Comparison and characteristics of parenteral lipid emulsions.

Product Intralipids 20% Liposyn IIs 20% SMOFlipids 20% Omegavens 10%

Manufacturer Baxter Healthcare/Fresenius Kabi Hospira Fresenius Kabi Fresenius Kabi

Oil source (%)

Soybean 100 50 30 0

Safflower 0 50 0 0

MCT 0 0 30 0

Olive oil 0 0 25 0

Fish 0 0 15 100

Fat composition (%)

Linoleic 50 65 18.6 0.1–0.7

a-Linolenic 9 4 2.35 o0.2

EPA 0 0 2.35 1.28–2.82

DHA 0 0 2.2 1.44–3.09

Oleic 26 17.7 27.65 0.6–1.3

Palmitic 10 8.8 9.1 0.25–1

Stearic 3.5 3.4 2.75 0.05–0.2

Arachidonic 0 0 0.5 0.1–0.4

MCT: medium chain triglyceride; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid.
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studies, omega-3 FA deficiency has very little impact on weight
gain. However, supplemental ALA given to rats on a diet deficient
in PUFAs did produce significant weight gain [16,32]. Similar
findings were seen in humans. In adult males, the conversion of
ALA from dietary intake to EPA and DHA is limited, approximately
8% and 0.1%, respectively. The conversion rate of ALA to DHA is
higher in females and is even further up-regulated during
pregnancy. Perhaps this is due to lower beta-oxidation or up-
regulation of conversion due to estrogen [33]. Interestingly,
supplementation of pregnant women with ALA did not result in
increased umbilical blood levels of DHA [34]. Maternal
levels of DHA decreased during pregnancy, starting at 18 weeks
of pregnancy while levels of LA stayed constant [35].
However, supplementation of pregnant women with fish oil
rich in DHA, increased umbilical blood levels and infant plasma
levels of both DHA and AA at birth [36]. These findings
indicate that ALA can be substituted by the more potent and
efficient EPA and DHA.
6. Parenteral nutrition and essential fatty acid deficiency

PN is a life-saving therapy for patients who are unable to
absorb enteral nutrients secondary to insufficient intestinal length
or function. Before the development of PN, patients with
insufficient gastrointestinal absorptive capability commonly died
of starvation and subsequent complications of malnutrition.
Today, more than 30,000 US patients are permanently dependent
on PN for survival [37]. Long-term use of PN is associated with
many complications, including septicemia and metabolic abnorm-
alities [38]. The most serious complication associated with long-
term PN use is PN-associated liver disease (PNALD). Despite years
of extensive study, the etiology of PNALD remains unclear. Recent
findings suggest that the composition of the intravenous lipid
emulsion administered with the PN may contribute to this liver
injury. Lipid emulsions derived from soybean oils have been
shown to cause liver injury both in vitro and in vivo in rodent
models [39–41]. This has prompted us to investigate an emulsion
derived from an alternative fat source [42]. The current FDA
approved lipid emulsions in the United States are comprised of
safflower or soybean oils, both rich in omega-6 FAs. As shown in
our murine model, fish oil-based lipid emulsions are capable of
both preventing and reversing PN-induced hepatic steatosis, likely
via improved triglyceride clearance coupled with the anti-
inflammatory properties of omega-3 FAs [42].

The use of fish oil-based fat emulsions as the sole source of fat
energy is not recommended by its manufacturer because of
concerns surrounding the low levels of LA present in fish oils
could potentially lead to EFAD. Omegavens (Fresenius Kabi, Bad
Homburg, Germany) is the only lipid emulsion that contains
solely fish oils. There is 0.1–0.7% LA in 10% Omegavens emulsion
(Table 1). In 2005, Gura et al. [43] reported the first use of
Omegavens to treat a patient who developed EFAD while
receiving fat-free PN secondary to a soy allergy. The patient’s
triene–tetraene ratio normalized from 0.231 prior to treatment to
0.047 after 17 days of Omegavens therapy at the goal dose of
0.67 g/kg/day. The total LA intake of that patient was 45 mg/kg/
day, which corresponded to 0.7% of total energy. Although this is
below the 1% that Holman et al. reported, the patient did
experience reversal of both his biochemical and physical signs
and symptoms of EFAD. As previously reported, ALA, EPA, and
DHA might play a role in reducing the amount of LA required to
prevent EFAD [32]. Since that case report, Omegavens

monotherapy has been used as a treatment for PN-dependent
patients with cholestasis. In an initial case series, 2 pediatric
patients with cholestasis due to PNALD were treated with the fish
oil-based lipid emulsion. Within 60 days their serum bilirubin
levels normalized and remained normal [44]. The children
tolerated this therapy well, and no adverse reactions attributed
to its use were observed. Based on these results, we have treated
more than 115 children with PNALD at Children’s Hospital Boston
with a fish oil-based lipid emulsion under a compassionate use
protocol [45]. Outcomes of the first 18 patients were compared to
a group of historical controls studied by Andorsky et al. [46].
Findings demonstrated that patients who received the fish oil-
based lipid emulsion (Omegavens) experienced reversal of
cholestasis 4.8 times faster than the historical control cohort,
who received a soybean oil-based lipid emulsion. When adjusted
for baseline bilirubin concentration, gestational age, and the
diagnosis of necrotizing enterocolitis, the time to reversal was 6.8
times faster. Only 2 deaths were recorded in the fish oil cohort,
compared to 7 deaths in the historical cohort. There were no liver
transplants in the fish oil-treated patients, whereas 2 transplants
occurred in the patients receiving soybean oil emulsions.
Moreover, the provision of the fish oil-based lipid emulsion was
not associated with EFAD, hypertriglyceridemia, coagulopathy,
infections, or growth delay.
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Table 2
Mean triene–tetraene ratios in nanomoles per milliliter of relevant plasma

triglycerides and phospholipids at baseline and at 3-, 6-, and 9-week time points

for pair-fed groups (n ¼ 5) and different diets (adapted and modified from

Strijbosch et al. [51]).

Triglycerides Phospholipids

2.6% FO 13% FO 26% FO 13% SB 2.6% FO 13% FO 26% FO 13% SB

Baseline 0.005 0.008 0.033 0.059 0.000 0.002 0.008 0.009

3 wk 0.1052,3,4 0.0141 0.0261 0.0101 0.0202,3,4 0.0181 0.0261 0.0001

6 wk 0.0932,3,4 0.0381 0.0111 0.0001 0.0812,3,4 0.0331 0.0111 0.0041

9 wk 0.2272,3,4 0.0891,4 0.0301 0.0001,2 0.1312,3,4 0.0071 0.0301 0.0001

% of total calories. FO: fish oil; SB: soybean oil.

1 Value is significantly different from 2.6% fish oil group within the same time

point and ratio group, Po.05.
2 Value is significantly different from 13% fish oil group within the same time

point and ratio group, Po.05.
3 Value is significantly different from 26% fish oil group within the same time

point and ratio group, Po.05.
4 Value is significantly different from 13% soybean group within the same time

point and ratio group, Po.05.
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7. Fish oil prevents essential fatty acid deficiency

The aforementioned studies using fish oil as the sole source of
fat in a subset of pediatric patients dependent on PN showed that
their EFAD reversed, liver function improved, and growth was
maintained [47]. However, there is still skepticism regarding the
ability of a fish oil-based diet, when used as monotherapy, to
prevent EFAD and maintain adequate growth rate [48–50].

In a recent study by Strijbosch et al. [51], a fish oil-based diet
was shown to prevent EFAD and to maintain growth in a murine
model. Mice were fed isocaloric diets that had 2.6%, 13%, or 26% of
their total calories as fish oil, or a control diet that had 13% of total
calories derived from soybean oil. During the 9-week intervention
period, only mice receiving 2.6% of their total calories as fish oil
failed to gain adequate weight. When compared to the group
receiving soybean oil, both the 13% and 26% fish oil-based diets
actually enhanced growth, which is in contrast to earlier reports
about the negative effects of fish oil on infant growth [48–50].
When examining the triene–tetraene ratios, only the 2.6% fish oil
group exceeded the EFAD threshold, whereas the 13% fish oil-
based diet clearly prevented EFAD (Table 2).
8. New directions

Lipid emulsions currently available in the United States such as
Intralipids (Baxter Pharmaceuticals, Deerfield, IL) and Lipoysns

III (Hospira, Lake Forest, IL) are soybean oil-based. Since there is
evidence that soybean oil-based lipid emulsions might contribute
to PNALD [40], we hypothesize that lipid emulsions with soybean
oil as their major component might lead to PNALD. Other fat
emulsions such as SMOFs (Fresenius Kabi, Bad Homburg,
Germany), an emulsion containing 30% soybean oils, 15% fish oils,
25% olive oils and 30% MCT oils, Liposyns II [50% soybean oils, 50%
safflower oils) and Clinoleics (Clintec Parenteral S.A., Cedex,
France), emulsion containing 80% purified olive oils and 20%
soybean oils, should be vigorously scrutinized as they also contain
substantial quantities of soybean oils and could theoretically pose
the same risk to patients. Importantly, unlike soybean, olive,
safflower, and coconut oils, fish oil contains AA, EPA, and DHA, all
of which are essential for very low birth weight infants who
cannot convert LA and ALA to AA, EPA, and DHA efficiently. The
requirements of very low birth weight infants and older children
likely vary due to the fact that rapidly growing premature infants
have higher requirements for EFAs. As a basis for developing new
lipid emulsions specifically for children, we’ve sought to deter-
mine the appropriate amount of each fatty acid, as well as the
essentiality of DHA and AA. The use of DHA and AA as the sole
source of PUFAs has shown promise in preventing PNALD and
EFAD (unpublished data).
9. Summary

Essential FAs are important for human development and
various biological functions. Traditional EFAs such as LA and ALA
play a major role in preventing EFAD, and are the main precursors
for the production of vital metabolites such as AA, EPA, and DHA.
While AA produces mostly proinflammatory eicosanoids, EPA and
DHA produce anti-inflammatory eicosanoids, as well as other
novel molecules such as Resolvin E1 and neuroprotectin D1 that
are essential in cognitive and visual functions. LA and ALA are
acquired in the human diet in which LA is abundant. Although
pregnant women and infants have an increased AA and DHA
requirement, the conversions of dietary LA and ALA to AA and
DHA are insufficient. AA and DHA supplementation in the form of
fish oil ameliorates this problem and prevents EFAD. This explains
the effectives of treatment of children with EFAD secondary to fat-
free PN with a fish oil-based lipid emulsion as evidenced by
complete resolution of their biochemical and clinical evidence of
EFAD. This emulsion also prevented and attenuated PN-induced
cholestasis in both human and animal models. AA and DHA as the
sole FAs demonstrated similar results. Taken together, there is
preliminary evidence to suggest that DHA and AA are EFAs,
although further investigation is required.
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