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Polyunsaturated fatty acids  
(PUFAs) are important dietary 
components involved in a num-

ber of diverse physiological process- 
es. In addition to their role as struc-
tural components of cellular lipids, 
PUFAs also serve as substrates for 
the synthesis of several physiological 
mediators, such as arachidonic acid 
and the eicosanoids. Key PUFAs, 
such as linoleic and linolenic acids, 
cannot be synthesized by human 
cells and must be obtained from the 
diet; these substances are termed 
“essential.” There are two major 
classes of essential PUFAs: n-6 (e.g., 
linoleic acid) and n-3 (e.g., linolenic 
acid). The classification refers to the 
number of carbons from the methyl 
terminus (with the methyl carbon 
counted as 1) to the double bond 
closest to that terminus (Figure 1). In 
the older biochemistry literature, n-3 
and n-6 PUFAs were referred to as 

-3 and -6 PUFAs, respectively. 
The predominant n-6 PUFA 

derived from the diet is linoleic 
acid, found in high concentrations 
in grains, many seeds, and meats. 
In human cells, linoleic acid serves 

as a substrate for the synthesis of 
arachidonic acid and other eico-
sanoids. The predominant dietary 
n-3 PUFA, linolenic acid, is found 

in high concentrations in plants, 
seeds, leafy vegetables, legumes, and 
nuts. Although a minor component 
of human tissue lipids, linolenic 

Purpose. The potential therapeutic ben-
efits of supplementation with n-3 poly-
unsaturated fatty acids (PUFAs) in various 
diseases are reviewed, and the antiinflam-
matory actions, activity, and potential drug 
interactions and adverse effects of n-3 
PUFAs are discussed.
Summary. Fish oils are an excellent source 
of long-chain n-3 PUFAs, such as eicosa-
pentaenoic acid and docosahexaenoic 
acid. After consumption, n-3 PUFAs can 
be incorporated into cell membranes and 
reduce the amount of arachidonic acid 
available for the synthesis of proinflam-
matory eicosanoids (e.g., prostaglandins, 
leukotrienes). Likewise, n-3 PUFAs can also 
reduce the production of inflammatory 
cytokines, such as tumor necrosis factor , 
interleukin-1, and interleukin-6. Consider-
able research has been conducted to evalu-
ate the potential therapeutic effects of fish 
oils in numerous conditions, including 
arthritis, coronary artery disease, inflam-
matory bowel disease, asthma, and sepsis, 
all of which have inflammation as a key 
component of their pathology. Additional 

investigations into the use of supplementa-
tion with fish oils in patients with neural 
injury, cancer, ocular diseases, and critical 
illness have recently been conducted. The 
most commonly reported adverse effects 
of fish oil supplements are a fishy aftertaste 
and gastrointestinal upset. When recom-
mending an n-3 PUFA, clinicians should 
be aware of any possible adverse effect or 
drug interaction that, although not neces-
sarily clinically significant, may occur, espe-
cially for patients who may be susceptible 
to increased bleeding (e.g., patients taking 
warfarin). 
Conclusion. The n-3 PUFAs have been 
shown to be efficacious in treating and 
preventing various diseases. The wide 
variation in dosages and formulations used 
in studies makes it difficult to recommend 
dosages for specific treatment goals. 

Index terms: Docosahexaenoic acid; Drug 
interactions; Eicosapentaenoic acid; Fish 
oils; Mechanism of  action; Polyunsaturated 
fatty acids; Toxicity
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acid serves as an important sub-
strate for other important n-3 fatty 
acids, such as eicosapentaenoic acid 
(EPA), docosapentaenoic acid, and 
docosahexaenoic acid (DHA). EPA 
is an important component of nerve 
cell lipids and serves as a precursor 
for the synthesis of the PG

3
 series 

of prostaglandins. All three of these 
fatty acids are found in significant 
concentrations in oils derived from 
cold-water fish. Both EPA and DHA 
have been the focus of considerable 
research as a result of their report-
ed antiinflammatory and tissue- 
protective effects. This article pro-
vides a comprehensive, updated 
review of the therapeutic potential 
of the n-3 PUFAs in various dis-
eases and summarizes their proposed 
mechanisms of benefit in these 
conditions. Although the n-6 PUFAs 
served as placebos in a number of 
studies reviewed, they are not the 
focus of this article.

Antiinflammatory actions of n-3 
PUFAs

Arachidonic acid is an impor-
tant component of mammalian cell 
membranes. During the early stages 
of inflammation, arachidonic acid 
is released from the cell membrane 
through the activation of phospho-
lipase A

2
 and serves as a substrate for 

the synthesis of bioactive eicosanoids 
(e.g., prostaglandins, leukotrienes, 
thromboxane) (Figure 2).1 

There are two distinct arachidonic 
acid pathways. The first involves cy-
clooxygenase, which converts arachi-
donic acid into thromboxane A

2
 

(TXA
2
) and various prostaglandins. 

There are two distinct cyclooxyge-
nase isoenzymes: cyclooxygenase-1 
(COX-1) and cyclooxygenase-2 
(COX-2). COX-1 is expressed con-
stitutively in most cells; COX-2 is in-
ducible in many cells, and its expres-
sion is increased by various stimuli. 
Prostaglandins, such as prostaglan-

din E
2
 (PGE

2
), are potent mediators 

of inflammation and also contribute 
to pain, fever, and increased vascular 
permeability. The second arachidon-
ic acid pathway involves the enzyme 
5-lipoxygenase and yields various 
leukotrienes. Leukotriene B

4
 (LTB

4
), 

leukotriene C
4
, and leukotriene D

4
 

are potent proinflammatory agents 
that increase vascular permeability, 
enhance the activity of immune cells, 
and stimulate the release of inflam-
matory cytokines. TXA

2 
is a key 

stimulator of platelet aggregation. 
Both human and animal studies have 
reported that diets high in DHA and 
EPA increase the proportion of these 
PUFAs in the membranes of inflam-
matory cells, white blood cells, and 
lymphocytes and reduce levels of 
arachidonic acid.2,3 

Since EPA is also a substrate for 
cyclooxygenase and 5-lipoxygenase, 
n-3 PUFA in cell membranes may 
compete with arachidonic acid 
for conversion by cyclooxygenase. 
EPA is a relatively poor substrate 
for cyclooxygenase and has been 
found to inhibit the conversion of 
arachidonic acid by cyclooxygenase 
in vitro.4 Human and animal stud-
ies have found that dietary supple-
mentation with EPA can reduce the 
formation of PGE

2
, TXA

2
, and LTB

4
 

and maintain levels of prostaglan-
din I

2 
(prostacyclin), an inhibitor of 

platelet aggregation.5,6 
While the products of arachi-

donic acid conversion (PGE
2
, TXA

2
, 

and LTB
4
) are proinflammatory, the 

products of EPA conversion (throm-
boxane A

3
, prostaglandins I

3
 and E

3
, 

and leukotriene B
5
) are significantly 

less potent at stimulating inflamma-
tion, vasoconstriction, and platelet 
aggregation and may be antagonistic 
toward the classic proinflammatory 
eicosanoids. 

Supplementation with n-3 PUFA 
also appears able to reduce produc-
tion of proinflammatory cytokines, 
such as interleukin-1, interleukin-6, 
and interleukin-8, and tumor necro-
sis factor-  (TNF- ) that are released 

Figure 1. Structures of n-3 and n-6 polyunsaturated fatty acids (PUFAs). The n-3 or n-6 
classification refers to the number of carbons from the methyl terminus (right, with the 
methyl carbon counted as 1) to the double bond closest to that terminus. Linolenic acid, 
docosahexaenoic acid, and eicosapentaenoic acid are n-3 PUFAs, whereas linoleic acid 
and arachidonic acid are n-6 PUFAs.
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from activated immune cells.7 While 
these cytokines are potent activators 
of immune function, excess activity 
of these substances contributes to 
the pathological inflammation seen 
in conditions such as inflammatory 
bowel disease (IBD) and rheuma-
toid arthritis (RA). TNF-  also 
plays a key role in the development 
of cachexia in patients with cancer. 
Numerous studies have shown that 
dietary supplementation with n-3 
PUFA can reduce the production of 
inflammatory cytokines from acti-
vated immune cells (e.g., monocytes, 
macrophages).8-10 

The production of these inflam-
matory cytokines is regulated by 
the availability of  arachidonic-
acid-derived eicosanoids, which 
can be modulated by n-3 PUFA 
supplementation. Suppression of 
inflammatory cytokine production 
by n-3 PUFA may also occur during 
gene transcription, since the expres-
sion of a number of inflammatory 
genes, such as cytokines and cellular 
adhesion molecules, is reduced in 
response to n-3 PUFA exposure.2,11,12 

Evidence also suggests that n-3 
PUFA may directly affect intracel-
lular signaling pathways associated 
with the activation of transcription 
factors, such as nuclear factor  
B and peroxisome proliferator-
activated receptors, that regulate a 
number of inflammatory genes.12,13 

Inflammation is a key feature in a 
number of clinical conditions, such 
as IBD, RA, and asthma. The poten-
tial antiinflammatory actions of the 
n-3 PUFAs make them candidates 
for use in these conditions. 

IBD
The etiology of IBD (Crohn’s 

disease and ulcerative colitis) is com-
plex and poorly understood. Several 
epidemiologic studies have suggested 
that diets high in n-6 PUFA may 
contribute to the development of 
IBD.14,15 Conversely, several stud-
ies have found that patients with 
IBD have low serum levels of total 

PUFAs and n-3 PUFAs, which may 
contribute to a worsening of these 
patients’ pathologies.16,17 Inflamma-
tory cytokines (e.g., interleukins, 
tumor necrosis factor) play major 
roles in the pathological inflamma-
tion associated with IBD and are the 
targets of drug therapy. While cur-
rent pharmacologic interventions are 
effective for reducing relapses in pa-
tients with IBD, these interventions 
may cause significant adverse effects 
with long-term use. The documented 
effects of n-3 PUFAs on reducing 
inflammatory cytokines make n-3 
PUFAs potentially important agents 
to consider when treating IBD. 

Studies of IBD in animals have 
shown that n-3 PUFAs can substan-
tially reduce the production of PGE, 
TNF- , LTB

4
, and TXA

2
.18,19 Rats with 

induced ulcerative colitis that were 

fed n-3 PUFA from fish oils showed 
reduced levels of inflammatory me-
diators and improvement in several 
histological and biochemical markers 
of cellular injury.20 Supplementa-
tion with olive oil did not provide 
the same benefits in these rats.15,20,21 

While the results of some studies 
of various n-3 PUFA preparations 
have shown reduced rates of relapse, 
improved symptoms, and reduced 
oxidative stress in the intestines of 
human patients with IBD, definitive 
studies on the efficacy of n-3 PUFA 
use for IBD are still lacking.22

Patients with IBD have low total 
serum PUFA levels. Patients with 
Crohn’s disease have a specific defi-
ciency of n-3 PUFA.23 Many studies 
have examined clinical, histological, 
or endoscopic scores as they relate to 
the effects of n-3 PUFA in patients 
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Figure 2. Overview of eicosanoid pathways and the conversion of eicosapentaenoic 
acid (EPA). In response to inflammation, both arachidonic acid (AA) and EPA are  
released from cell membranes and act as substrates for cyclooxygenase (COX) and  
5-lipooxygenase (5-LOX) in the synthesis of eicosanoids. Free AA is a substrate for the 
synthesis of eicosanoids such as prostaglandin (PG) E2, thromboxane (TX) A2, and leu-
kotriene (LT) B4, which are potent inflammatory and platelet-aggregating substances. 
Supplementation with n-3 polyunsaturated fatty acids may increase the amount of EPA 
present in cell membranes. Free EPA may compete with AA as a substrate and lead to 
the production of eicosanoids PGE3, TXA3, and LTB5, which are substantially less potent 
inflammatory and platelet-aggregating substances.
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with IBD. While these studies did not 
have sufficient data to render a con-
clusive opinion on the benefits of n-3 
PUFA use in patients with IBD, the 
studies did demonstrate that patients 
receiving n-3 PUFA and corticoster-
oids were, in some cases, able to de-
crease their corticosteroid dosage or 
discontinue the drugs completely.16

In one double-blind, placebo-
controlled study (n = 78), Beluzzi 
et al.22,23 administered 2.7 g of an 
enteric-coated fish oil preparation 
to patients with Crohn’s disease and 
found that there was a decrease in the 
relapse of Crohn’s disease. After one 
year, 59% (n = 46) of the patients in 
the fish oil group remained in remis-
sion compared to 26% (n = 20) in 
the placebo group. The results of 
this study were promising; however, 
in comparative studies, the delivery 
method, dose, and purity of the fish 
oil products used should be consid-
ered because not all fish oil products 
are extracted and manufactured to 
the requirements of an over-the-
counter product. 

RA
RA is a complex autoimmune 

disorder characterized by progres-
sive destruction of joint tissues. 
Marked tissue inflammation and 
joint inflammation are hallmarks of 
RA. Considerable evidence suggests 
that cytokines released from acti-
vated T cells play a major role in the 
inflammatory processes associated 
with RA. Treatment of RA currently 
centers on antiinflammatory drugs 
and immune-suppressing agents—
classes of drugs that can have signifi-
cant adverse effects with long-term 
use. Cytokine antibodies are used 
but can have serious adverse effects. 
Investigations into the potential 
role of n-3 PUFA in RA has been 
ongoing since the 1980s. Results 
of human and animal studies have 
shown that n-3 PUFA supplementa-
tion from fish oils can substantially 
reduce (42% in the study by Endres 
et al.7) serum levels of interleukin-1, 

interleukin-2, interleukin-6, and 
interleukin-8, as well as TNF-  and 
LTB

4
.6,24,25 Reduced levels of these 

inflammatory mediators were as-
sociated with improved symptoms, 
such as reduced joint tenderness and 
stiffness.24,26 Several studies found 
that patients with RA who took fish 
oil supplements reduced their use 
of nonsteroidal antiinflammatory 
drugs (NSAIDs) and other antiin-
flammatory medications.26-28 

James and Cleland29 reviewed 12 
double-blind, placebo-controlled 
studies that incorporated n-3 fatty 
acids from fish oils into the daily reg-
imen of patients with RA. The stud-
ies ranged from 12 to 52 weeks and 
included n-3 fatty acid dosages of 
1–7.1 g daily. Most studies reviewed 
measured similar clinical outcomes 
to determine the significance of the 
response to the supplements given. 
The outcomes were patient or phy-
sician global assessment of disease 
activity, the number of tender joints, 
the number of swollen joints, the 
duration of morning stiffness, and 
grip strength. In 11 studies related to 
the effects of fish oil in patients with 
RA, patients showed improvement in 
at least two clinical outcomes, while 
patients showed improvement in all 
of the measured clinical outcomes 
in 4 studies. The most commonly 
reported improved outcome was a 
decrease in joint tenderness. Some 
studies continued the use of NSAIDs 
after a certain time interval. The 
results of the studies that continued 
NSAID use showed that the NSAID 
dosage could be reduced in patients 
taking fish oils, resulting in fewer 
adverse drug effects. One confound-
ing factor was that some studies that 
examined the effects of n-3 fatty 
acids on RA used formulations and 
placebos with a high content of n-6 
fatty acids, which are the precur-
sors to proinflammatory cytokines. 
James and Cleland suggested that if 
the products that were used did not 
contain n-6 fatty acids, there may 
have been greater antiinflammatory 

effects of the n-3 fatty acid supple-
ments, as well as a greater NSAID-
sparing effect.

Bronchial asthma  
Two key features of bronchial 

asthma are airway hyperreactiv-
ity and inflammation. Eicosanoids,  
interleukin-4, interleukin-5, and 
tumor necrosis factor are important 
mediators of the bronchoconstric-
tion and inflammation that occur in 
patients with asthma. Studies of ani-
mals with induced lung inflamma-
tion or acute injury revealed benefits 
with n-3 PUFA administration.30-32 

The administration of n-3 PUFA re-
duced the production of thrombox-
ane B

2
 that occurred with acute lung 

injury in pigs, while decreasing the 
amount of edema observed in rabbit 
lungs during acute inflammation. 

Results of recent studies in athletes 
with exercise-induced asthma also 
showed substantial reductions in the 
release of inflammatory mediators 
and improved pulmonary function 
before and after intense exercise.33-35 

However, other clinical studies ex-
amining the potential benefits of 
fish oil supplementation in patients 
with asthma have yielded conflicting 
results.36,37 Although fish oil supple-
mentation reduces the production of 
inflammatory mediators in patients 
with asthma, these reduced levels 
do not necessarily translate into 
direct clinical benefit. Perhaps the 
strongest data supporting fish oil use 
in patients with asthma have been 
collected from studies examining 
individuals with exercise-induced 
bronchoconstriction. 

Clinical data supporting the use of 
fish oil supplementation in patients 
with asthma are limited. Part of the 
variability observed in these studies 
may be due to individual differences 
in asthma etiology, the types and 
purity of n-3 PUFA used, and the 
dramatic differences in doses used 
throughout the studies. The benefi-
cial effect of fish oil supplementation 
in patients with exercise-induced 
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asthma also raises the possibility that 
the underlying etiology of this condi-
tion might differ from that of typical 
bronchial asthma. 

Clinical studies examining the an-
tiinflammatory effects of fish oil use 
have generally found considerable 
variability in its efficacy. In addition 
to the varying sources and dosages of 
n-3 PUFA used, variability may part-
ly be explained by polymorphisms in 
the genes for cytokine production. In 
2002, Grimble et al.38 found that the 
ability of fish oils to suppress TNF-  
in human volunteers was influenced 
by the presence of certain polymor-
phisms in genes for this particular 
cytokine. 

Cardiovascular disease
The first evidence of the potential 

cardioprotective effects of n-3 PUFA 
came from studies that reported very 
low levels of heart disease in Green-
land Eskimos despite their consump-
tion of foods high in fats from seals 
and fish.39 Subsequent studies in 
similar populations revealed very low 
levels of other inflammatory diseases 
as well.14 Atherosclerosis is a long-
term process that is multifactorial in 
origin. Two key components of ath-
erosclerosis are hyperlipidemia and 
inflammation. The lipid-lowering 
effects of n-3 PUFA have been well 
documented in human and animal 
studies.40-44 Fish oils have been shown 
to lower plasma cholesterol and 
triglyceride levels through the inhibi-
tion of very-low-density lipoprotein 
and triglyceride synthesis by the 
liver without reducing production of 
beneficial high-density lipoprotein 
(HDL) molecules.40,44-46 Data from in 
vitro studies support these findings 
and suggest that fish oils can shift cel-
lular synthesis of fats toward mem-
brane phospholipids.47 In contrast, 
vegetable oils, which are rich in n-6 
fatty acids, can cause substantial in-
creases in plasma triglycerides while 
lowering plasma HDL levels.40,44,46,47

The beneficial effect of n-3 PUFA 
on cardiovascular disease has been 

documented in human and animal 
studies.48-57 Studies have suggested 
that DHA may be a more potent 
cardioprotectant than EPA.48-50 Fish 
oils reduce the occurrence of ath-
erosclerotic lesions, decrease the fre-
quency of cardiac arrest, and reduce 
overall mortality in patients at risk 
for cardiovascular disease.50-53 Small 
but important decreases in blood 
pressure have also been documented 
with n-3 PUFA.49,54 While the exact 
mechanism of the protective effect 
of n-3 PUFA is unknown, it likely 
involves an improved lipid profile, 
reduced vascular inflammation, 
and decreased platelet aggregation. 
The n-3 PUFAs also appear to exert 
a number of potentially beneficial 
effects on vascular smooth muscle, 
including inhibition of calcium 
currents, decreased proliferation of 
smooth muscle cells (through inhibi-
tion of growth factors), and increased 
production of nitric oxide.50

In addition to its effects on hy-
perlipidemia and atherosclerosis, 
n-3 PUFA may exert antiarrhythmic 
effects.50,51,55 The antiarrhythmic ac-
tions of these substances may be re-
lated to their ability to inhibit L-type 
calcium channels in cardiac cells, 
which in turn prolongs the refractory 
period and makes the myocardium 
less susceptible to potentially dan-
gerous arrhythmias. Shimojo et al.56 
used cultured cardiac myocytes and 
found that EPA may have protective 
effects against cardiac hypertrophy 
by inhibiting the molecular effects 
of endothelin-1, a vascular hormone 
believed to be involved in the proc-
ess of myocyte hypertrophy. Fish 
oils have been shown to accumulate 
rapidly in human cardiac cells and 
might be of particular value when 
used in patients after myocardial 
infarction.57

Clinical studies have shown a 
decreased rate of cardiovascular 
disease in patients who consumed 
fish at least once weekly. It was pos-
tulated that the mechanisms of this 
beneficial effect were secondary to 

a decrease in serum triglycerides, 
decreased blood pressure, reduced 
platelet aggregation, and a lower fre-
quency of arrhythmia.42,50,53

Wang et al.53 conducted an exten-
sive review of more than 800 articles 
and several thousand patients from 
several countries. The investiga-
tors examined the beneficial effects 
of n-3 PUFA in both primary and 
secondary prevention studies and 
concluded that patients who ingested 
n-3 PUFA from fish or supplements 
derived from fish had reduced all-
cause mortality, decreased cardiac 
death, decreased sudden death, and 
possibly reduced frequency of stroke. 
Wang et al. also concluded that these 
same protective effects may or may 
not be seen with other forms of n-3 
fatty acids, such as those derived 
from -linolenic acid (ALA). ALA, 
an n-3 PUFA derived from plants, 
is converted in the body to EPA  
and DHA; however, less than 5% of 
ALA is converted to EPA and DHA 
in humans.58

A study by Mozaffarian et al.52 
examined whether the type of fish 
consumed altered the potentially 
beneficial cardiac effects of fish oils. 
The investigators found a significant 
decrease in the total risk of ischemic 
heart disease in patients age 65 years 
or older who ingested fish high in 
oils (e.g., tuna). The method of 
fish preparation also seemed to be 
a factor. Patients who had a higher 
intake of broiled or baked tuna had 
a decreased risk of ischemic car-
diac events, but those who consumed 
fried tuna had a greater risk of death 
due to an ischemic heart event. 

Neuroprotective effects
Data have recently begun to 

emerge regarding the possible role of 
n-3 PUFAs as neuroprotective agents. 
In animal and in vitro studies, n-3 
PUFA protected nerve cells against 
injury induced by ischemia and neu-
rotransmitter excitotoxicity.59-61 In 
animal models of diabetes, n-3 PUFA 
(specifically DHA) supplementation 
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was effective in preventing the func-
tional and anatomical changes in 
nerve cells that are commonly asso-
ciated with diabetic neuropathy.62,63 

Supplementation with n-3 PUFA 
also reduced oxidative damage and 
prevented learning disability (based 
on the Morris water maze) in rats 
with traumatic brain injury.64 Re-
cently, considerable research has 
focused on the potential protec-
tive effects of n-3 PUFA in animal 
models of Alzheimer’s disease, since 
patients with the disease have low 
serum and brain cell membrane 
levels of DHA. Rats fed diets low in 
DHA have demonstrated impaired 
learning and cognitive function, 
effects that are reversed with DHA 
supplementation.65,66 In a mouse 
model of Alz-heimer’s disease, diets 
enriched with n-3 PUFA reduced 
the accumulation of -amyloid by 
over 70%.65,66 

The neuroprotective mechanisms 
of the n-3 PUFAs are likely multifac-
torial and may be related to a number 
of cellular and molecular effects in 
the central nervous system (CNS). In 
vitro, n-3 PUFAs have been shown 
to prevent neuronal accumulations 
of calcium, which can trigger a de-
structive cellular cascade of events 
that leads to neuronal injury and 
death. Evidence also suggests that n-3  
PUFAs can directly alter glutaminer-
gic transport and neurotransmission, 
a key amino acid neurotransmit-
ter involved in excitotoxicity.66 The 
n-3 PUFAs can also affect voltage- 
gated potassium channels in the  
CNS and protect rats against NMDA 
(N-methyl-D-aspartate)-receptor- 
mediated excitotoxicity.60 The ability 
of n-3 PUFA to reduce oxidative stress 
may be an important component of 
its overall neuroprotective actions. 
Numerous animal and in vitro studies 
have found that n-3 PUFA can affect 
the expression of many genes in the 
CNS, a number of which represent 
transcription factors.67 The protective 
effects of n-3 PUFA in patients with 
diabetic neuropathy may be attrib-

utable to several effects, including 
maintenance of nerve blood flow, 
preservation of membrane sodium– 
potassium adenosinetriphosphatase 
activity, alteration of nerve cell lipid 
composition, and altered metabolism 
of nerve cell lipids.62,63 

Cancer
One area of great interest for the 

potential use of n-3 PUFA is that of 
cancer and cancer-related cachexia. 
Studies in mice and cultured cells 
have found that diets containing EPA 
or DHA retarded the growth and 
metastasis of primary tumors and 
implanted human breast carcinoma 
cells.68,69 Dietary fish oil concen-
trates also increased the efficacy of 
chemotherapeutic agents such as 
doxorubicin in human breast cancer 
xenografts without a concomitant 
increase in drug toxicity.70 Supple-
mentation with n-3 PUFA induced 
apoptosis and cell differentiation 
while reducing cell proliferation in 
cancer cell cultures.71-73 In a rat model 
of colon cancer, n-3 PUFA blocked 
drug-induced tumor formation by 
increasing cell differentiation and 
apoptosis during the early stages of 
tumor formation.74 Davidson et al.75 

found that n-3 PUFA directly altered 
gene expression related to tumori-
genesis and apoptosis and reduced 
DNA damage in rat colon cancer 
cells. These agents also modulated 
key intracellular signaling molecules 
and nuclear receptors (peroxisome 
proliferator-activated receptor, retin-
oid X receptor) that appear to play a 
role in regulating growth and differ-
entiation of cancer cells.76-78 Inhibi-
tion of prostaglandin production by 
n-3 PUFA may also help modulate 
tumor cell growth and apoptosis.77,78 

A study by Siezen et al.79 found that 
certain polymorphisms in genes 
involved with the arachidonic acid 
pathways might increase an indi-
vidual’s risk for colorectal adenoma. 
Consumption of fish by these at-risk 
individuals modified some of these 
risk associations. 

Cachexia, a complex syndrome of 
anorexia, tissue wasting, and weight 
loss, is seen in many patients with 
cancer or acquired immune defi-
ciency syndrome. The presence of ca-
chexia is a poor prognostic indicator 
that complicates drug therapy and 
increases drug toxicities. A number 
of pharmacologic and nonpharma-
cologic therapies have been studied 
for use in the treatment of cachexia, 
including n-3 PUFA. The effective-
ness of fish oil supplementation 
on cachexia in patients with cancer 
remains unresolved. In a number of  
studies, fish oil supplementation im-
proved appetite, moderated weight 
loss, increased lean body mass, and 
improved quality of life.80-82 The 
reduction of proinflammatory cy-
tokines by n-3 PUFA would clearly 
benefit patients with cancer-related 
cachexia since these substances are 
associated with the anorexia, weight 
loss, and hypermetabolism that ac-
company this condition.83 However, 
other human studies with fish oils 
and cancer-related cachexia have 
not found a significant benefit with 
supplementation of these agents.84

Critical illness
One of the body’s main responses 

to injury and infection is activation of 
the immune and inflammatory path-
ways. The release of inflammatory 
cytokines in critically ill patients ac-
tivates important immune cells, such 
as T and B cells, but also stimulates 
fever and localized tissue inflamma-
tion, which can lead to cellular injury. 
Eicosanoids derived from arachi-
donic acid likewise contribute to the 
systemic inflammatory reactions 
observed in patients with sepsis and 
critical injury. Parenteral use of fish 
oils in critically ill patients makes 
sense, given the potential ability of 
n-3 PUFA to modulate production 
of both inflammatory eicosanoids 
and cytokines. Interestingly, many 
of the parenteral nutrition formula-
tions given to critically ill patients 
are rich in n-6 PUFA, which may 
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heighten inflammation and worsen 
immunosuppression. 

A number of studies have been 
published in recent years on the 
beneficial effects of fish oil supple-
mentation in patients with critical 
illness. In patients recovering from 
major abdominal surgery, fish oil 
supplementation decreased overall 
mortality and reduced the number of 
patients requiring mechanical ven-
tilation.85 In this study, the greatest 
benefit occurred when patients were 
pretreated with fish oils before sur-
gery. Presumably, this pretreatment 
allowed the n-3 PUFAs sufficient 
time to incorporate into various 
tissues and cell membranes. Unfor-
tunately, pretreatment is only pos-
sible with elective types of surgery. 
In a study of 663 critically ill patients 
from 82 German hospitals, supple-
mentation with fish oils reduced 
overall mortality, decreased antibi-
otic use, and decreased the length 
of overall hospitalization time.86 In 
several other studies of patients with 
critical illness or sepsis, fish oil infu-
sion suppressed the production of 
proinflammatory cytokines while re-
ducing the frequency of septic events 
and infectious complications.87,88

In a study of patients with severe 
acute pancreatitis, Wang et al.89 
found a decrease in proinflammatory 
factors and an increase in plasma 
EPA levels after infusion with n-3 
PUFA. In that double-blind, ran-
domized controlled study of 40 pa-
tients started on parenteral nutrition, 
the study group (n = 20) received a 
soybean oil–fish oil mixture for the 
fatty acid component of the par-
enteral nutrition, and the control 
group (n = 20) received a standard 
soybean fatty acid emulsion. The 
results showed not only a reduction 
in inflammatory mediators among 
fish oil recipients but also a decrease 
in the harmful effects normally seen 
in the kidneys and lungs of such 
patients. Decreased morbidity, mor-
tality, and intensive care unit and 
hospital stays were also observed. 

Excellent data continue to emerge 
regarding the clinical benefits of fish 
oil supplementation in patients after 
surgery or with sepsis.3,88

Diseases of the eyes
A number of studies have been 

published in recent years examining 
the potential protective effects of n-3 
PUFA supplementation in ocular 
disease. Several studies focused on 
risk factors for the development of 
age-related maculopathy (ARM), 
such as a history of smoking and  
cardiovascular diseases.90,91 These 
studies found that patients with a 
high dietary intake of saturated fat 
and cholesterol had a greater risk of 
developing ARM. Because the retina 
and macula have high levels of n-3 
PUFAs, especially DHA, they may 
play a role in maintaining normal 
functioning of the eye. Smith et al.90 
examined the association between 
diets high in fish or saturated fat and  
the development of ARM. The study 
(3654 patients age 49 years or older) 
revealed that patients with a higher 
intake of fish (at least once per week) 
had a decreased risk of developing 
late ARM. These authors also re-
ported that lower levels of fish intake 
might be more protective against 
ARM than higher levels of fish intake 
in older patients. In elderly patients, 
higher fish intake has been reported 

to compromise the activity of vita-
min E, which is needed by the retina.

Cangemi92 examined the effects of 
dietary supplements on visual acuity 
in 73 patients with intermediate dry 
age-related macular degeneration 
(AMD). Patients were given a nutri-
tional supplement rich in n-3 PUFA 
(EPA and DHA). The formulation 
also contained taurine, antioxidants, 
and lutein. Of the 37 patients re-
ceiving the formulation, over three 
quarters showed a stabilization or 
improvement of visual acuity at six 
months. This study demonstrated 
both statistical and clinical signifi-
cance of visual acuity improvement 
or stability in those patients with 
intermediate AMD and treated with 
the nutritional supplement.

Sources and supplements of n-3 
PUFA

Sources rich in n-3 PUFAs include 
walnuts, flaxseed oil, canola oil, 
and fatty fish or fish oils (Table 1). 
Although plant sources are a more 
palatable source of n-3 PUFAs, the 
shorter-chain -linolenic acid found 
in plants must be converted by the 
body to longer-chain DHA and EPA. 
Fish oil, on the other hand, does not 
have to undergo this conversion.93

There has been concern about 
the presence of methylmercury and 
other environmental contaminants 

PUFA

Table 1.
Dietary Sources of Polyunsaturated Fatty Acids (PUFAs)a

Source
n-3

-Linolenic acid
 Eicosapentaenoic acid
 Docosahexaenoic acid
n-6
 Linoleic acid

 -Linolenic acid

 Arachidonic acid

Walnuts, flaxseed oil, canola oil
Fatty fish, fish oils
Fatty fish, fish oils

Corn oil, safflower oil, soybean oil, 
cottonseed oil, sunflower oil

Evening primrose oil, borage oil, black 
current seed oil

Meat, poultry, eggs
aAdapted from the International Food Information Council Foundation. www.ific.org/publications/

factsheets/omega3fs.cfm  (accessed 2008 Oct 8). 
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in the fish supply, especially in larger 
predatory fish.42 Fish oil is very sus-
ceptible to oxidation and can become 
rancid and even toxic if not proc- 
essed correctly.94 Proper processing 
of the fish, such as molecular distil-
lation, leading to the purification 
and deodorizing of all fish used in 
the production of fish oil will greatly 
reduce the presence of toxins and 
non-n-3 PUFAs while decreasing the 
chances of oxidization and potential 
toxicities. Appropriate processing 
also decreases the “fishy” odor of 
supplements and increases their shelf 
life. The use of the smaller “feeder 
fish” (e.g., anchovies, sardines) and 
other small fish will also decrease the 
presence of environmental toxins, 
because these fish are closer to the 
bottom of the food chain and have 
not been as extensively exposed to 
pollutants as larger predatory fish. 

Manufacturers of dietary supple-
ments, including most fish oil prod-
ucts, are responsible for ensuring that 
their products are safe before mar-
keted. FDA may take action against 
any unsafe dietary supplement after 
it is marketed. Generally, manufac-
turers are not required to register 
their products with FDA or obtain 
FDA approval before producing or 
selling dietary supplements.

The United States Pharmacopeia 
(USP) awards those manufacturers 
who meet the established criteria the 

“USP Verified Dietary Supplement 
Mark,” indicating that the finished 
product passed a comprehensive 
verification process.95 According to 
USP, in order to receive the “Verified 
Mark,” the manufacturer must (1) 
meet established quality, purity, and 
potency standards, (2) allow its fa-
cilities, practices, records, and quality-
control processes to be examined by 
USP, (3) perform routine tests from 
samples already distributed to the 
retail setting, and (4) ensure that la-
bels are reviewed to confirm that the 
proper information is on the label 
for the consumer. USP is expected to 
release a monograph for n-3 PUFAs 
as a dietary supplement in 2009. The 
“Verified Mark” ensures the integ-
rity, purity, dissolution, and safe 
manufacturing of the supplement.

There are many brands of n-3 
PUFAs available on the market to-
day. They are all currently nonpre-
scription, with the exception of the 
prescription-only omega-3-acid ethyl 
esters (Lovaza, GlaxoSmithKline), 
which is indicated for the treat-
ment of hypertriglyceridemia. The 
nonprescription products can be 
found in nutritional specialty stores, 
pharmacies, and grocery stores and 
online. Nonprescription products 
are held to specified nutritional stan-
dards; however, a very small percent-
age of these products are processed 
and manufactured to the stricter 

European Pharmacopoeia (and USP) 
standards.96 

Even with the purer products, the 
problem of a fishy odor may remain. 
One method to decrease the odor 
is to store the product in the refrig-
erator or freezer; this will greatly en-
hance the palatability of the product 
and help with compliance. 

Potential adverse effects of n-3 
PUFAs

The most commonly reported 
adverse effect of n-3 fish oil supple-
ments is a fishy aftertaste, which can 
be troublesome at times. Another 
commonly reported adverse effect is 
gastrointestinal upset, which appears 
to be dosage dependent.97

Even though FDA has ruled that 
up to 3 g of fish oils daily is “gener-
ally recognized as safe for inclusion 
in the diet,” there are some possible 
adverse effects and drug interac-
tions at higher doses that could 
potentially be of concern (Table 
2).42,97 The n-3 PUFAs may have the 
potential to increase bleeding time, 
especially at dosages exceeding 3 g 
daily; however, this effect is gener-
ally not considered to be clinically 
significant. High dosages of fish oil 
have also been associated with an 
increase in glucose levels, as well 
as an increase in the production of 
low-density-lipoprotein cholesterol. 
However, these effects are not clini-
cally significant.98

Discussion
Currently, there are many n-3 

products available. When choosing 
an n-3 PUFA, several factors must be 
considered, two of the most important 
being the quality and the purity of the 
product. USP has a list of manufac-
turers on its website (www.usp.org/
USPVerified/DietarySupplements/ 
companies.html) that follow good 
manufacturing practices and qual-
ity testing for their raw and finished 
products. It is also important to look 
for products that use the smaller 
feeder fish as the source of n-3 PUFAs 

Beneficial

Table 2.
Influence of Fish Oil on Therapy with Certain Drugs26,42

Potential Effect of Fish Oil

Drug(s) Adverse

aNSAIDs = nonsteroidal antiinflammatory drugs, TNF = tumor necrosis factor, IL-1 = interleukin-1, HMG-CoA 
= hydroxymethylglutaryl–coenzyme A.

NSAIDsa

Cyclosporine

Blockers of TNF
Methotrexate
Aspirin, warfarin
HMG-CoA reductase 

inhibitors

Reduction in dosage needed for analgesia
Reduction in hypertensive and 

nephrotoxic effects
Inhibition of TNF and IL-1 synthesis
Reduction in gastrointestinal toxicity
None known
Enhancement of pharmacologic effects

None known
None known

None known
None known
Enhanced bleeding
None known
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and review the process by which the 
oils are extracted. 

When recommending an n-3 
PUFA, clinicians should be aware of 
any possible adverse effect or drug 
interaction that may occur, especially 
for the patient who may be suscep-
tible to increased bleeding (from 
taking warfarin, for example). There-
fore, the patient should be instructed 
in how and what to monitor and 
when to bring any potential prob-
lems or questions to the attention of 
the physician or pharmacist. 

Several of the clinical studies we 
reviewed did not report statisti-
cally significant results regarding 
the effects of n-3 PUFA in certain 
diseases (e.g., asthma). A potentially 
confounding factor in these stud-
ies may have been the use of fish 
oil formulations and placebos that 
contained relatively high levels of n-6 
fatty acids (precursors to proinflam-
matory cytokines). It is possible that 
if these studies were repeated with 
different formulations not contain-
ing n-6 PUFA, statistical and clinical 
significance may be demonstrated. 
However, with the evidence available 
to date, the use of n-3 PUFAs appears 
beneficial for improving or prevent-
ing certain diseases. There is also 
sufficient evidence to conclude that 
n-3 PUFAs can potentiate the effects 
of certain drugs, thereby allowing a 
reduction of their required dose (e.g., 
NSAIDs, corticosteroids).

Conclusion
The n-3 PUFAs have been shown 

to be efficacious in treating and pre-
venting various diseases. The wide 
variation in dosages and formula-
tions used in studies makes it difficult 
to recommend dosages for specific 
treatment goals.
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