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Lipids used in nutritional support of surgical or critically ill patients
have been based on soybean oil, which is rich in the n-6 fatty acid
linoleic acid (18:2n-6). Linoleic acid is the precursor of arachidonic
acid (20:4n-6). In turn, arachidonic acid in cell membrane phospholipids is the substrate for the synthesis of a range of biologically active
compounds (eicosanoids) including prostaglandins, thromboxanes,
and leukotrienes. These compounds can act as mediators in their own
right and can also act as regulators of other processes, such as platelet
aggregation, blood clotting, smooth muscle contraction, leukocyte
chemotaxis, inflammatory cytokine production, and immune function. There is a view that an excess of n-6 fatty acids should be avoided
since this could contribute to a state where physiological processes
become dysregulated. One alternative is the use of fish oil. The
rationale of this latter approach is that fish oil contains long chain n-3
fatty acids, such as eicosapentaenoic acid. When fish oil is provided,
eicosapentaenoic acid is incorporated into cell membrane phospholipids, partly at the expense of arachidonic acid. Thus, there is less
arachidonic acid available for eicosanoid synthesis. Hence, fish oil
decreases production of prostaglandins like PGE2 and of leukotrienes
like LTB4. Thus, n-3 fatty acids can potentially reduce platelet aggregation, blood clotting, smooth muscle contraction, and leukocyte
chemotaxis, and can modulate inflammatory cytokine production and
immune function. These effects have been demonstrated in cell culture, animal feeding and healthy volunteer studies. Fish oil decreases
the host metabolic response and improves survival to endotoxin in
laboratory animals. Recently clinical studies performed in various
patient groups have indicated benefit from this approach.

Introduction
The lipids contained in emulsions used in
nutritional support of surgical or critically ill
patients have traditionally been based on
soybean oil, which is rich in the n-6 fatty acid
linoleic acid (18:2n-6). Nutritional support
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has traditionally been aimed at supplying
substrates to meet energy demands and providing building blocks for wound healing
and tissue repair, in the process helping to
prevent body wasting. Surgical and critically
ill patients may be at risk of compromised
immunity, resulting in decreased resistance
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to infection. Furthermore, it is now realised
that some patients show an early hyperinflammation that might be damaging to the
host. Thus, nutritional support is now aimed
at providing substrates to support the immune system and nutrients (and other factors) that can modulate the inflammatory
state. It is in these two areas that the fatty
acids found in lipid emulsions are thought to
offer great opportunity for improvement in
patient outcome.

Polyunsaturated fatty acids and
inflammation
Biosynthesis of polyunsaturated fatty acids

Fatty acids are often referred to by their
common names, but are more correctly identified by a systematic nomenclature (Table
1). This nomenclature indicates the number
of carbon atoms and the number and position of double (unsaturated) bonds in the
chain (see Figure 1). It is the position of the
first double bond in the hydrocarbon chain
that is indicated by the n-7, n-9, n-6 or n-3
part of the shorthand notation for a fatty
acid. Note that n-6 and n-3 are sometimes
referred to as omega-6 and omega-3.
There are two main families of polyunsaturated fatty acids (PUFAs), the n-6 (or
omega-6) and the n-3 (or omega-3) families.
Although mammals are able to synthesise
saturated fatty acids from nonfat precursors
and unsaturated fatty acids of the n-9 and
n-7 series, they lack the delta-12 and delta15 desaturase enzymes (found in most plants)
for insertion of a double bond at the n-6 or
n-3 position (Figure 1). Thus, mammalian
cells cannot synthesise n-6 or n-3 PUFAs de
novo. The n-6 and n-3 fatty acids are essential substrates for many of the major regulatory lipids in the body and as they cannot be
synthesised in the body, the body must obtain them from the diet. The commonly consumed PUFAs are linoleic acid (18:2n-6)
Braz J Med Biol Res 36(4) 2003

and a-linolenic acid (18:3n-3). Once consumed these fatty acids can be converted to
the longer chain, more unsaturated derivatives (Figure 2). Thus linoleic acid is converted via g-linolenic (18:3n-6) and dihomog-linolenic (20:3n-6) acids to arachidonic
acid (ARA; 20:4n-6) (Figure 2). Likewise,
a-linolenic acid is converted to eicosapentaenoic acid (EPA; 20:5n-3) and docosapentaenoic acid (22:5n-3) (Figure 2). There is
some controversy about the extent to which
docosahexaenoic acid (DHA; 22:6n-3) can
be synthesised from EPA in humans. EPA,
docosapentaenoic acid and DHA are termed
long chain n-3 PUFAs. These fatty acids are
found in oily fish and in the preparations
known as fish oil.
Biological roles of polyunsaturated fatty acids

PUFAs appear to have three main biological roles. First, they are involved in regulating lipid metabolism and the processes
involved in lipid transport and targeting to
tissues. Examples of these activities include
the inhibition of hepatic triacylglycerol synthesis by long chain n-3 PUFAs that contributes to their hypotriacylglycerolaemic effect and the LDL cholesterol-lowering effect
of linoleic acid. Secondly, PUFAs are important components of the membranes of all
cells. Here they are present in the phospholipids that typically contribute about 50% to
the bulk of the membrane. The nature of the
fatty acids in membrane phospholipids contributes greatly to the fluidity of the membrane and this is believed to play a role in
regulating the activity of membrane proteins. Membrane phospholipids are also the
source of second messenger molecules, such
as diacylglycerol, phosphatidic acid, inositol-1,4,5-trisphosphate, ceramide and ARA,
which are responsible for signalling events
of membrane origin to the cytosol and the
nucleus in order to promote appropriate cellular responses, and of extracellular signal-
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ling molecules such as platelet-activating
factor. Thirdly, some PUFAs are substrates
for the synthesis of bioactive molecules such
as prostaglandins (PG), thromboxanes (TX)
and leukotrienes (LT).

Stearic acid
18:0

COOH

H3 C

Oleic acid
18:1n-9

Arachidonic acid as a substrate for synthesis
of bioactive mediators

Linoleic acid
18:2n-6

The principal functional role for 20-carbon PUFAs is as substrates for synthesis of
the family of bioactive mediators known as
eicosanoids (PG, TX, LT, lipoxins, hydroxy-

a-Linolenic
acid
18:3n-3

Figure 1. Structure of some
fatty acids.

H3C

COOH

H3 C
COOH

H3 C

COOH

Table 1. Fatty acid nomenclature and sources.
Systematic name

Trivial name

Shorthand
notation

Decanoic

Capric

10:0

De novo synthesis; coconut oil

Dodecanoic

Lauric

12:0

De novo synthesis; coconut oil

Tetradecanoic

Myristic

14:0

De novo synthesis; milk

Hexadecanoic

Palmitic

16:0

De novo synthesis; milk; eggs; animal fats; meat; cocoa butter; palm oil
(other vegetable oils contain lesser amounts); fish oils

Octadecanoic

Stearic

18:0

De novo synthesis; milk; eggs; animal fats; meat; cocoa butter

9-Hexadecenoic

Palmitoleic

16:1n-7

Desaturation of palmitic acid; fish oils

9-Octadecenoic

Oleic

18:1n-9

Desaturation of stearic acid; milk; eggs; animal fats; meat; cocoa butter;
most vegetable oils especially olive oil

9,12-Octadecadienoic

Linoleic

18:2n-6

Cannot be synthesised in mammals; some milks; eggs; animal fats; meat;
most vegetable oils especially corn, sunflower, safflower and soybean oils;
green leaves

9,12,15-Octadecatrienoic

a-Linolenic

18:3n-3

Cannot be synthesised in mammals; green leaves; some vegetable oils
especially rapeseed, soybean and linseed oils

6,9,12-Octadecatrienoic

g-Linolenic

18:3n-6

Synthesised from linoleic acid; borage and evening primrose oils

11,14,17-Eicosatrienoic

Mead

20:3n-9

Synthesised from oleic acid; indicator of essential fatty acid deficiency

8,11,14-Eicosatrienoic

Dihomo-g-linolenic 20:3n-6

Synthesised from g-linolenic acid

5,8,11,14-Eicosatetraenoic

Arachidonic

20:4n-6

Synthesised from linoleic acid via g-linolenic and dihomo-g-linolenic
acids; meat

5,8,11,14,17-Eicosapentaenoic

Eicosapentaenoic

20:5n-3

Synthesised from a-linolenic acid; fish oils

7,10,13,16,19-Docosapentaenoic

Docosapentaenoic 22:5n-3

4,7,10,13,16,19-Docosahexaenoic Docosahexaenoic

22:6n-3

Sources

Synthesised from a-linolenic acid via eicosapentaenoic acid
Synthesised from a-linolenic acid via eicosapentaenoic acid; fish oils
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Figure 2. Outline of the pathway of biosynthesis of polyunsaturated fatty acids.
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a-Linolenic acid (18:3n-3)

Linoleic acid (18:2n-6)
D6-desaturase
g-Linolenic acid (18:3n-6)

Stearidonic acid (18:4n-3)
Elongase
Eicosatetraenoic acid (20:4n-3)

Dihomo-g-linolenic acid (20:3n-6)

D5-desaturase
Eicosapentaenoic acid (20:5n-3)

Arachidonic acid (20:4n-6)

Elongase
Docosapentaenoic acid (22:5n-3)

Docosahexaenoic acid (22:6n-3)

Supply of EPA

EPA in cell membrane
phospholipids

Arachidonic acid in
cell membrane
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effects
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and TX
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Less potent effects

Figure 3. Basis of the anti-inflammatory effects of eicosapentaenoic acid. COX, cyclooxygenase; EPA, eicosapentaenoic acid; LOX, lipoxygenase; LT, leukotriene; PG, prostaglandin;
TX, thromboxane.
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eicosatetraenoic acids, etc.) (Figure 3). Although several 20-carbon PUFAs are able to
serve as precursors of eicosanoids, ARA is
usually the principal substrate for their synthesis. This is because the membranes of
most cells contain large amounts of ARA,
compared with other potential eicosanoid
precursors (including EPA). ARA in cell
membranes can be mobilised by various phospholipase enzymes, most notably phospholipase A2, and the free ARA can subsequently
act as a substrate for the enzymes that
synthesise eicosanoids (Figure 3). Metabolism of ARA by cyclooxygenase (COX) enzymes gives rise to the 2-series PG and TX
(Figure 3). There are two isoforms of COX:
COX-1 is a constitutive enzyme and COX-2
is induced in inflammatory cells as a result
of stimulation and is responsible for the
markedly elevated production of PG which
occurs upon cellular activation. Metabolism
of ARA by the 5-lipoxygenase (5-LOX) pathway gives rise to hydroxy and hydroperoxy
derivatives and the 4-series LT, LTA4, B4,
C4, D4 and E4 (Figure 3).
Eicosanoids act as mediators in their own
right (e.g., PGE2 causes pain), modify the
responses to other mediators (e.g., PGE2
potentiates the pain caused by bradykinin)
and act as regulators of other processes, such
as platelet aggregation, blood clotting, smooth
muscle contraction, leukocyte chemotaxis,
inflammatory cytokine production, and immune function. The effects of eicosanoids
on inflammation and immunity have attracted
much attention in recent years (for reviews,
see Refs. 1-3). The effects of PGE2 and LTB4
have been studied most widely. PGE2 has a
number of proinflammatory effects including inducing fever, increasing vascular permeability and vasodilation and enhancing
pain and edema caused by other agents such
as bradykinin and histamine. PGE2 suppresses production of TNF-a and IL-1 and so in
these respects is anti-inflammatory. PGE2
suppresses lymphocyte proliferation and
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natural killer cell activity and inhibits production of IL-2 and IFN-g, and so in these
respects PGE2 is immunosuppressive. PGE2
also promotes IgE production by B lymphocytes; IgE is a mediator of allergic inflammation. TXA2 promotes platelet aggregation,
leukocyte adhesion, and smooth muscle contraction. LTB4 increases vascular permeability, enhances local blood flow, is a potent
chemotactic agent for leukocytes, induces
release of lysosomal enzymes, enhances generation of reactive oxygen species, and enhances production of TNF-a, IL-1, and IL-6.
In all of these respects LTB4 is proinflammatory. In inflammatory conditions increased
rates of production of ARA-derived eicosanoids are found and elevated levels of certain
eicosanoids are found in blood and tissues
from patients with inflammatory disorders,
burns and critical illness. Interestingly, recent studies have shown that PGE2 inhibits
5-LOX, so preventing the generation of the
inflammatory 4-series LT (4). Furthermore,
PGE2 was found to induce generation of the
15-LOX product lipoxin A4, a known inflammation stop signal (4). Thus, although
PGE2 does possess distinct proinflammatory
actions, it is involved in mediating the resolution of inflammation through effects on
the generation of other eicosanoids.
Alternatives to n-6 polyunsaturated fatty
acids for use in artificial nutrition

Although most standard lipid emulsions
for use in surgical or critically ill patients are
based upon soybean oil, there is a view that
an excess of n-6 PUFAs should be avoided
since this could contribute to a state where
physiological processes become dysregulated
(e.g., 5). However, while there are some
studies that indicate provision of emulsions
rich in n-6 PUFAs is detrimental to the host
(e.g., impairing immune function), there are
other, similar, studies showing no such impairment (see 6 for references). Neverthe-

less, nutritional support regimens containing
alternative types of fatty acids are being
sought. One alternative is to reduce the
amount of n-6 PUFA-containing oil by partly
replacing it with medium chain triglycerides
(MCT; i.e., triacylglycerols containing fatty
acids of carbon chain length 6 to 12). This
approach will not be further discussed here.
A second approach is to replace part of n-6
PUFA-rich oil in emulsions designed for
parenteral use with olive oil, which is rich in
the n-9 monounsaturated fatty acid oleic acid
(18:1n-9; Figure 1). This approach is currently under investigation and will not be
discussed here. The third approach is to
replace part of n-6 PUFA-rich oil with fish
oil, which contains long chain n-3 PUFAs.
Eicosapentaenoic acid as an arachidonic acid
antagonist

When fish oil is provided, EPA is incorporated into cell membrane phospholipids,
partly at the expense of ARA. Thus, there is
less ARA available for eicosanoid synthesis
(Figure 3). In addition, EPA inhibits the
oxidation of ARA by COX (7). Hence, fish
oil decreases production of prostaglandins
like PGE2, of thromboxanes like TXA2 and
of leukotrienes like LTB4. This has been
demonstrated many times in cell culture,
animal feeding and healthy volunteer studies. Thus, n-3 PUFAs can potentially reduce
platelet aggregation, blood clotting, smooth
muscle contraction, and leukocyte chemotaxis, and can modulate inflammatory cytokine production and immune function (Figure 3).
In addition to inhibiting metabolism of
ARA, EPA is able to act as a substrate for
both COX and 5-LOX (Figure 3), giving rise
to derivatives which have a different structure to those produced from ARA (i.e., 3series PG and TX and 5-series LT). Thus, the
EPA-induced suppression in the production
of ARA-derived eicosanoids is accompaBraz J Med Biol Res 36(4) 2003
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nied by an elevation in the production of
EPA-derived eicosanoids (e.g., 8-11). The
eicosanoids produced from EPA are considered to be less biologically potent than the
analogues synthesised from ARA (e.g.,
12,13), although the full range of biological
activities of these compounds has not been
investigated. The reduction in generation of
ARA-derived mediators which accompanies
fish oil consumption has led to the idea that
fish oil is anti-inflammatory (Figure 3). Additionally, recent studies suggest that metabolism of EPA by COX gives rise to a
novel series of eicosanoids that are antiinflammatory in nature (14).
The isolated, perfused rabbit lung has
been used as a model to study the pathophysiological effects of ARA- and EPAderived eicosanoids. Infusion with Escherichia coli hemolysin was shown to induce
vasoconstriction/hypertension, mediated by
TXB2, and vascular permeability/leakage,
mediated by 4-series LT (15). Inclusion of
free ARA in the perfusate increased TXB2
and 4-series LT generation, arterial pressure
and vascular leakage (15,16). In contrast,
inclusion of EPA decreased TXB2 and 4series LT generation, arterial pressure and
vascular leakage and increased generation of
TXB3 and 5-series LT (15). Perfusion of
isolated rabbit lungs with a fish oil-containing emulsion markedly attenuated the vascular inflammatory reaction (hypertension) induced by calcium ionophore (17). Compared
with perfusion with a soybean oil-rich emulsion, fish oil decreased the concentration of
LTC4 in the perfusate by >50% and increased
the concentration of LTC5 from barely detectable (<10 pg/ml) to a concentration very
similar to that of LTC4 (approximately 150
pg/ml) (17). These observations indicate that
n-3 PUFAs can significantly inhibit the acute
inflammatory responses induced, or at least
marked, by production of ARA-derived eicosanoids.

Braz J Med Biol Res 36(4) 2003

n-3 Polyunsaturated fatty acids and
inflammatory cytokines

Although the action in antagonising ARA
metabolism is a key anti-inflammatory effect of n-3 PUFAs, these fatty acids have
other effects that might occur downstream of
altered eicosanoid production or might be
independent of this (see 18,19). Cell culture,
animal feeding and healthy human volunteer
studies have demonstrated that n-3 PUFAs
can decrease the production of TNF-a,
IL-1ß, IL-6, and tissue factor by stimulated
monocytes, macrophages and/or endothelial
cells (see 19 for a review). Endotoxin was
used most often as the cell stimulus in these
studies. A recent study reported that ARA
alone can induce the production of TNF-a,
IL-1a and IL-1ß by a cultured human osteoblast-like cell line (20). EPA (or oleic acid)
alone did not induce production of these
cytokines and EPA (and oleic acid) inhibited
by at least 50% ARA induction of the cytokines (20). In similar studies, n-3 PUFAs
inhibited the expression of TNF-a, IL-1a
and IL-1ß messenger RNA by cultured explants of bovine chondrocytes or human osteoarthritic cartilage, and prevented further
IL-1 induction of these messenger RNAs
(21,22).
Fish oil and animal models of endotoxemia
and sepsis

The importance of a hyperinflammatory
response, characterised by overproduction
of TNF-a, IL-1ß, IL-6 and IL-8, in the progression of trauma patients towards sepsis is
now recognised. Enhanced production of
ARA-derived eicosanoids such as PGE2 is
also associated with trauma and burns. The
inflammatory effects of infection can be mimicked by administration of endotoxin, which
causes an elevation of circulating concentrations of inflammatory cytokines. The ability
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of n-3 PUFAs to decrease production of
inflammatory cytokines and eicosanoids suggests that fish oil might be a useful agent to
aid the control of endotoxemia and the socalled systemic inflammatory response syndrome.
Fish oil feeding to rats resulted in a markedly altered profile of post-endotoxin circulating eicosanoids (e.g., less PGE2, TXB2
and 6-keto-PGF1a) (11,23) and of eicosanoid
generation by isolated alveolar macrophages
(40% less LTB4 and over 10 times more
LTB5) (11). Mice fed fish oil and then injected with endotoxin had significantly lower
plasma TNF-a, IL-1ß and IL-6 concentrations than mice fed safflower oil (24). Fish
oil-containing parenteral nutrition significantly decreased serum TNF-a, IL-6 and IL8 concentrations in burned rats (25). In a
study on rats subjected to cecal ligation and
puncture, the concentrations of TNF-a, IL1ß and IL-6 in peritoneal lavage fluid were
lower by 70, 70 and 50%, respectively, in
rats receiving parenteral infusion of fish oil
than in those receiving safflower oil (26).
Fish oil feeding in guinea pigs or rats or
fish oil infusion in guinea pigs enhanced
survival following endotoxin challenge (2729). Fish oil feeding decreased endotoxininduced metabolic perturbations (fever, acidosis, hypotension, anorexia, weight loss) in
guinea pigs and/or rats (29-34). Fish oil (or
EPA) improved heart and lung function and
decreased lung edema in endotoxic rats
(11,35,36) and pigs (37-39). Some studies
report that dietary fish oil does not attenuate
endotoxin-induced hepatic injury, despite
various metabolic improvements (29,40,41).
Total parenteral nutrition using fish oil as
the lipid source was found to prevent the
endotoxin-induced reduction in blood flow
to the gut and to reduce the number of viable
bacteria in mesenteric lymph nodes and liver
following exposure to live bacteria (42). Fish
oil did not, however, decrease bacterial trans-

location across the gut and the authors concluded that fish oil must have improved bacterial killing. Fish oil administration prior to
exposure to live pathogens decreased mortality of rats compared with vegetable oil
(43,44). These studies did not measure inflammatory cytokine levels but they showed
that PGE2 levels were decreased by fish oil
(43,44). More recently, fish oil infusion after
induction of sepsis by cecal ligation and
puncture in rats was shown to decrease mortality (and PGE2 production) compared with
vegetable oil (45). Intragastric administration of fish oil into chow-fed rats prior to
cecal ligation and puncture improved survival of rats compared with vegetable oil or
saline infusion (46).

Studies of fish oil-containing
parenteral nutrition in surgical
patients
An understanding of the inflammatory
changes occurring during sepsis and of the
anti-inflammatory effects of fish oil, combined with the outcome of the animal experiments outlined above, has prompted the development of emulsions containing fish oil
designed for use in critically ill patients (see
47 for a review).
Parenteral nutrition supplemented with
fish oil has been shown to affect circulating
inflammatory mediator concentrations and/
or the capacity of leukocytes to produce
inflammatory mediators in various patient
groups. For example, infusion of a fish oilcontaining lipid emulsion into postoperative
patients resulted in an increased capacity of
stimulated blood leukocytes to generate LTC4
at day 6 postoperation (48). Fish oil infusion
was also found to decrease the production of
TXB2 and to increase the production of TXA3
by platelets from patients postsurgery (49).
In another study, patients received either an
MCT-long chain triacylglycerol mix or this
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mix also containing fish oil for 5 days postsurgery (50). Patients in the fish oil group
received 3 g (days 1 and 2) and 6 g (days 3,
4 and 5) n-3 PUFAs/day. Neutrophils from
patients infused with fish oil produced less
LTB4 and significantly more LTB5 at postoperative days 6 and 10. Plasma TNF-a
(days 6 and 10) and IL-6 (day 10) concentrations were lower in patients receiving fish oil
(50). This study did not report clinical outcomes. Recently, the results of three further
studies with parenteral fish oil administration have become available (51-53). In the
first of these, patients received total parenteral nutrition that included an 8% soybean
oil plus 2% fish oil emulsion (controls received a 10% soybean oil emulsion) for 5
days postsurgery (51). Patients in the fish oil
group received 0.2 g fish oil/kg body weight
per day; it is not clear from the fatty acid
compositions of the emulsions provided exactly how much n-3 PUFAs this would equate
to. There were no differences between groups
with respect to the concentrations and/or
activities of a range of coagulation factors,
the function of platelets, and complications.
Another study compared the effects of lipid
emulsions on lymphocyte functions in patients following large bowel surgery (52).
Patients received lipid-free total parenteral
nutrition or parenteral nutrition including
10% soybean oil or 8.3% soybean oil plus
1.7% fish oil for 5 days postoperatively. The
amount of fish oil provided was 0.1 g/kg
body weight for the first day and 0.2 g/kg
body weight for days 2 to 5; this equated to
about 3 g long chain n-3 PUFAs/day based
on a 70 kg body weight. Blood lymphocyte
numbers and functions were measured before surgery and at days 3 and 6 postsurgery.
Although surgery affected blood lymphocyte numbers, there were no differences between the groups with respect to numbers of
total lymphocytes, T cells, B cells, CD4+
lymphocytes, CD8+ lymphocytes or natural
killer cells in the circulation at any of the
Braz J Med Biol Res 36(4) 2003

time points. Furthermore, there were no differences between the groups with respect to
lymphocyte proliferation stimulated by a
mitogen. In contrast, ex vivo IL-2 production
was increased in the fish oil group, and the
postsurgery decline in ex vivo IFN-g production was prevented by fish oil (52). Thus,
this study indicates that, in these patients,
parenteral fish oil does not impair cell-mediated immune responses, and may even preserve or improve them. Weiss et al. (53)
infused 10% fish oil on the day before surgery and on days 1 to 5 postsurgery into
patients undergoing abdominal surgery. On
postoperative days 4 and 5 the patients also
received standard total parenteral nutrition,
which included 50 g fat/day. Control patients received the same regimen apart from
the fish oil infusions. White cell count, the
serum concentrations of C-reactive protein,
and TNF-a and neutrophil respiratory burst
activity were not different between groups,
although they were affected by surgery. TNFa production by endotoxin-stimulated whole
blood tended to be lower at postoperative
day 5 in the fish oil group, but the difference
did not reach significance. Serum IL-6 concentration was significantly lower in the fish
oil group at postsurgery days 0, 1 and 3. In
contrast, monocyte expression of human leukocyte antigen-DR, which is involved in
antigen presentation, was preserved in the
fish oil group but declined at postsurgery
days 3 and 5 in the control group (53). No
differences in infection rates or mortality
between the groups were observed. Postoperative stay in the intensive care unit tended
to be shorter in the fish oil group (4.1 vs 9.1
days) as did total hospital stay (17.8 vs 23.5
days). Postoperative stay on the medical
wards was significantly shorter in the fish oil
group (53). These studies indicate the potential for significant modification of the inflammatory and immune changes induced
by surgery by infusion of n-3 PUFAs in the
form of fish oil. However, larger studies are
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needed to evaluate the effects on complication rates, hospital stay and mortality.

Studies of fish oil-containing enteral
nutrition in surgical or critically ill
patients
A large number of studies incorporating
fish oil into enteral formulae have been conducted in intensive care and surgical patients. The majority of these trials have used
the commercially available product
IMPACT® which contains arginine, nucleotides and n-3 PUFA. n-3 PUFAs make up
about 10% of the fatty acids in IMPACT®,
which contains about 3 g n-3 PUFAs per
litre. Meta-analyses of studies using IMPACT® or Immun-Aid® (also rich in arginine, RNA and n-3 PUFA) have been performed (54-56). These analyses confirmed
significant reductions in infection rate, number of ventilator days and length of hospital
stay, but not in overall mortality. Table 2
lists the studies of enteral nutrition involving
n-3 PUFAs that have reported immune and/
or inflammatory outcomes. A number of
studies have reported circulating lymphocyte numbers and subsets and circulating
immunoglobulin concentrations and most
report little difference in these compared
with the control group. Some studies have
reported aspects of immune function such as
phagocytosis, respiratory burst, lymphocyte
proliferation, human leukocyte antigen-DR
expression on monocytes and cytokine production; several of these studies report some
significant improvements in these functions
in patients given IMPACT® compared with
the control group. The most frequently reported outcomes of these types are those
related to inflammatory cytokines, which is
perhaps not surprising given their role in
progression to systemic inflammatory response syndrome. One study has reported
lower spontaneous production of TNF-a and
IL-6 by diluted whole blood after several

days of IMPACT® administration (62). Several studies report lower circulating concentrations of IL-6 in the IMPACT® group, while
there are also reports of lower circulating
TNF-a concentrations (see Table 2 for references). Although many of these observations fit with the effects of n-3 PUFA that
might be predicted based upon studies in cell
culture, animals and healthy humans, and
could be used as evidence of the efficacy of
n-3 PUFA in the trauma and postsurgery
settings, the complex nature of the formulae
prevents such a clear interpretation. The effects could be due to any one of the specified
nutrients (i.e., arginine, RNA, n-3 PUFA) or
to the combination of these nutrients. Indeed, the positive outcomes from the use of
IMPACT® and Immun-Aid® have often been
used as evidence for the benefit of arginine
in these settings.
One other recent trial performed in patients with moderate and severe acute respiratory distress syndrome has used an enteral
preparation apparently differing only in lipid
source from the control (32% canola oil +
25% MCT + 20% borage oil + 20% fish oil +
3% soy lecithin vs 97% corn oil + 3% soy
lecithin) (70). However, in addition to the
difference in fatty acid composition between
the formulae, the n-3 PUFA-rich formula
contained more vitamin C and E than the
control and contained ß-carotene, taurine
and carnitine, which the control did not.
Patients received about 7 g EPA, 3 g DHA, 6
g g-linolenic acid, 1.1 g vitamin C, 400 IU
vitamin E and 6.6 mg ß-carotene per day for
up to 7 days. By 4 days the numbers of
leukocytes and neutrophils in the alveolar
fluid had significantly declined in the fish oil
+ g-linolenic acid group and were lower than
in the control group. Furthermore, arterial
oxygenation and gas exchange were improved in the treatment group. Patients in the
treatment group had a decreased requirement for supplemental oxygen, reduced time
on ventilation support, and shorter length of
Braz J Med Biol Res 36(4) 2003

442

P.C. Calder

Table 2. Summary of studies employing enteral nutrition including fish oil that have reported immune or inflammatory outcomes.
Ref.

Type of patients

Formula studied

57

Burns (av. 40%
BSA)

58

59

60

Effects of formula with fish
oil on immune/inflammatory
outcomes

Comments on other outcomes

50:50 Fish oil:safflower Lymphocyte count
oil vs 50:40:10 MCT:
Bacterial killing by neutrophilis
corn oil:soybean oil vs
70:30 soybean oil:MCT

None
None

¯ wound infections,
infectious episodes and
length of hospital stay
(expressed as % of original
BSA burn) in fish oil group
No effect on mortality

ICU (trauma,
surgery, sepsis)

IMPACT® vs Standard

Lymphocyte proliferation

 at days 3 and 7

No effect on length of
hospital stay or mortality

Cancer surgery

IMPACT® vs Standard

Complement C3
Circulating lymphocyte and
subset numbers
HLA-DR expression on
monocytes
Lymphocyte proliferation

None
None
None

¯ No. of patients with
infectious/healing,
complications in IMPACT
group

 at day 7

No effect on mortality

Circulating IgG and IgM

IgG  at day 16; IgM  at
days 7 and 10
Number of T cells, helper
T cells and B cells  at
days 7, 10 and 16
 at day 16

Cancer surgery

IMPACT® vs Standard

Immune/inflammatory outcomes

Circulating lymphocyte subsets

IFN-g production by stimulated
lymphocytes
61

Cancer surgery

IMPACT® vs Standard

PGE2 production by endotoxinstimulated cells

Time-dependent ¯ by up to
60%

62

Cancer surgery

IMPACT® vs Standard

Spontaneous or mitogenstimulated production of:
IL-1a
IL-1ß, IL-2
IL-2R
IL-6
TNF-a

None
 at day 16 (+ mitogen)
 at days 7 and 10 (+ mitogen)
¯ at days 3 and 7 (spontaneous)
¯ at days 7 (spontaneous)

63

64

Cancer surgery

Cancer surgery

IMPACT® vs Standard
vs low-fat TPN

IMPACT® vs Standard
vs TPN

Circulating IgA, IgG, IgM
Circulating complement C3
Circulating TNF-a, IL-1,
IL-6, sIL-2R
Leukocyte counts and
subset numbers
Phagocytosis by monocytes
and neutrophils
Circulating IgA, IgG, IgM
Circulating complement C3
Circulating sIL-2R
Circulating IL-6
Circulating lymphocyte and
subset numbers
Phagocytosis by monocytes
DTH response

¯ infections and length of
hospital stay

None
None
None
Some
 at days 8-10 for
monocytes
None
None
 at day 8
¯ at day 8
None

No effect on % infected
patients but ¯ infection score
¯ length of hospital stay

 at days 4 and 8
 at day 8

Continued on next page
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Table 2 continued.

Ref.

Type of patients

Formula studied

Immune/inflammatory outcomes

Effects of formula with fish
oil on immune/inflammatory
outcomes

Comments on other outcomes

65

Trauma

IMPACT® vs Standard

Circulating C-reactive protein
Circulating lymphocyte and
subset numbers
IL-2R expression on lymphocytes
HLA-DR expression on monocytes

¯ at day 4
None

No effects on infection rate,
length of hospital or ICU
stay, or mortality

None
 at day 7

66

Cancer surgery

IMPACT® vs Standard

Circulating C-reactive protein
Circulating IL-6

¯ at days 1 and 8
¯ at days 1 and 8

67

Cancer surgery

IMPACT® vs Standard

Circulating IgA, IgG, IgM
Circulating complement C3
Circulating sIL-2R
Circulating IL-6
Circulating sIL-1R
DTH response

None
None
 at days 1, 4 and 8
¯ at days 1, 4 and 8
¯ at days 4 and 8
 at days 1, 4 and 8

68

Cardiac bypass
surgery

IMPACT® vs Standard
(from ³5 days
preoperatively)

Circulating IL-6

¯ immediately before and
during surgery
None
 at admission

69

Cancer surgery

Monocyte HLA-DR expression
DTH response

Nutrison® vs Standard Circulating C-reactive protein
Circulating lymphocyte and
subset numbers

Circulating IL-1, IL-2
Circulating TNF-a, IL-6
Circulating PGE2
Neutrophil phagocytosis
Neutrophil respiratory burst

¯ number of antibiotic days,
% infected patients and
length of hospital stay

No effect on time on
ventilator, or length of ICU
or hospital stay

¯ at day 8
 total lymphocytes and %
T cells, T helper cells, NK
cells at day 8
¯ cytotoxic T cells at day 8
None
¯ at day 8
None



BSA, body surface area; DTH, delayed-type hypersensitivity; HLA, human leukocyte antigen; ICU, intensive care unit; IFN, interferon; Ig,
immunoglobulin; IL, interleukin; MCT, medium chain triglyceride; NK, natural killer; PG, prostaglandin; R, receptor; TNF, tumour necrosis factor;
TPN, total parenteral nutrition.

intensive care unit stay (12.8 ± 1.1 vs 17.5 ±
1.7 days). Total length of hospital stay also
tended to be shorter (29.4 ± 2.6 vs 34.6 ± 3.3
days). Fewer patients in the treatment group
developed new organ failure (4/51 vs 13/47).
Mortality was 19% in the control group and
12% in the treatment group, but this was not
a significant difference. Nevertheless, this
study suggests efficacy of n-3 PUFAs (in
combination with g-linolenic acid, MCT,
antioxidant vitamins, taurine and carnitine)
in this group of patients.

Concluding statement
Inflammation is a normal part of host
defence. However, excessive or inappropriate inflammation is a component of a range
of acute and chronic human diseases, including the systemic inflammatory response
to surgery, trauma, injury and infection. Inflammation is characterised by the production of inflammatory cytokines, ARA-derived eicosanoids, other inflammatory mediators (e.g., platelet-activating factor) and
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adhesion molecules. n-3 PUFAs decrease
the production of inflammatory cytokines
and eicosanoids. They act both directly (e.g.,
by replacing ARA as an eicosanoid substrate
and inhibiting ARA metabolism) and indirectly (e.g., by altering the expression of
inflammatory genes through effects on transcription factor activation; see 18,19). Thus,
n-3 PUFAs are potentially potent anti-inflammatory agents. As such, they may be of
therapeutic use in a variety of acute and
chronic inflammatory settings. Evidence of
their clinical efficacy is strong in some settings (e.g., in rheumatoid arthritis) but generally weak in others (e.g., in asthma; see
19). An emerging application is in surgical
or critically ill patients. At the levels that
have been used parenterally or enterally they
do not appear to exert any adverse effects.
Parenteral nutrition including n-3 PUFAs

appears to preserve immune function better
than standard total parenteral nutrition and
appears to partly prevent some aspects of the
inflammatory response. There may be some
clinical benefit from these effects. n-3 PUFAs
are a component of enteral formulae (e.g.,
IMPACT®, Immun-Aid®, Nutrison®) that
have been examined in a number of clinical
trials. There is a lack of consistency in many
of the immune and inflammatory outcomes
from these studies. However, several studies
do report maintenance of immune function
and a decreased capacity for production of
some inflammatory cytokines. Unlike the
studies using parenteral nutrition, it is not
possible to ascribe these effects to n-3 PUFAs,
since the formulae contain several other
immunonutrients. Nevertheless, these studies support the inclusion of n-3 PUFAs in
such formulae.
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