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Due to the appearance of several human health
disorders, such as obesity, hypertension and heart
problems, there has been increasing interest in the
study of foods presenting functional components
or substances, that is, those that act on the
physiological system, not only improving human
health but also preventing diseases (Byrne, 1994;
Tuley, 1995; Arai, 1996). Such foods are called
Functional Foods. Functional components or
substances can be naturally found or be added to
commercialized food products.
Human beings, as well as other mammals, can
synthesize certain saturated and unsaturated fatty
acids, but are unable to synthesize polyunsaturated
fatty acids (PUFAs), whose absence may lead to
malfunctioning of the human body. Due to this
fact, these fatty acids are called "essential" and
must be included in the diet.

Fish is an important dietary constituent of several
population groups, once it is a source of
components of significant nutritional value, such
as high quality proteins, vitamins, minerals and
lipids, besides being the largest source of ω-3
series polyunsaturated fatty acids, especially the
eicosapentaenoic (EPA) and docosahexaenoic
(DHA), which bring several benefits to human
organism (Belda and Pourchet-Campos, 1991).
The composition of the eatable portion of fish
varies as a function of many factors, such as
specie, sex, sexual maturity degree, size, place of
capture, water temperature, type of feeding and
season (Botta and Siquires, 1986; Castro, 1988;
Armstrong et al., 1991). The variation in the fatty
acids composition is explained by fluctuations in
the quality and amount of food, especially
phytoplankton, available to the fish. These foods
are the greatest source of several fatty acids,
especially the ω-3 series ones (Stansby, 1969).
Fish oil has been studied and used in food
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preparation, especially in margarine, for a long
time (Labomar, 1989) due to its considerable
biochemical, metabolic, nutritional and
pharmaceutical importance (Stansby, 1969).
Numerous benefits have been attributed to fish oil,
particularly to its EPA and DHA fatty acids
(Ackman and McLeod, 1988; Wang et al., 1990).

ω���DQG�ω���SRO\XQVDWXUDWHG�IDWW\�DFLGV
The organic synthesis of saturated fatty acids takes
place in the extra-mitochondrial cell compartment,
by means of a complex enzymatic system
triggered by the acetyl-coenzyme-A. The
monounsaturated fatty acids are formed from
saturated ones in the liver through a reaction
catalyzed by microsomal desaturases.
Polyunsaturated fatty acids are produced from
monounsaturated ones by the action of specific
desaturases to the double-bound position in the
chain (Belda and Pourchet-Campos, 1991).
The ω-6 family is represented by the linoleic acid
(C18:2 ω-6), the precursor of arachidonic acid
(C20:4 ω-6), which is transformed through the
metabolic process of young organisms, allowing
the elongation of its carbon chains, as well as
proper desaturation. “Older” organisms do not
guarantee such transformation process; thus, the
ingestion of arachidonic acid becomes necessary
from the middle age onwards (Belda and Pourchet-
Campos, 1991). The ω-3 family includes the α-
linolenic acid (C18:3 ω-3), which forms the
eicosapentaenoic (EPA) (20C:5 ω-3) and
docosahexaenoic acids (DHA) (22C:6 ω-3)
through prolongation and desaturation (Belda and
Pourchet-Campos, 1991).
The essentiality of ω-6 and ω-3 families fatty acids
in humans can no longer be defied (Anderson and
Connor, 1989). The quantitative ratio between
both families must be taken into consideration for
an appropriate physiological balance. In humans, a
ω-3 fatty acid can be converted to another ω-3
type, but a ω-3 type cannot be converted to a ω-6
one and vice-versa. However, the presence of ω-3
in the organism influences the ω-6 concentration
and vice-versa. For example, arachidonic acid,
which is a derivative of ω-6 linoleic acid, found in
the membranes lipids, has its concentration
decreased with the consumption of EPA, a
derivative of ω-3 α-linolenic acid. Similarly, the
human capacity to synthesize the DHA can be
inhibited by a high ingestion of ω-6 linoleic acid.

Thus, the ω-3/ω-6 intake proportion must be
balanced (Tuley, 1995).

'LHWDU\� QHHG� RI� ω��� DQG� ω��� SRO\XQVDWXUDWHG
IDWW\�DFLGV
The addition of long-chained ω-3 fatty acids
(DHA and EPA) in the diet has been discussed and
recommended (Robertson, 1993; Byrne, 1994).
Epidemiological studies have shown that a regular
consumption of fish has favorable effects on the
triacylglycerol levels, blood pressure, coagulation
mechanism and heart rhythm (Burr, 1991).
Glucoronyltransferases are a family of enzymes
responsible for detoxifying the body from a series
of molecules. The type and amount of lipids
associated with a certain diet can affect enzymatic
activities. The ω-3 fatty acids activate the
enzymes, enhancing their detoxicating power and
providing protection against the action of
oxidizers. Thus, the production of these enzymes
can be partially responsible for the protective
effect of antioxidants (Health, 1995).
Numerous functions related to membranes lipids
are important for the immunological system and
the blood platelets, as well as for their association
with specific glycoproteins of the cell wall
(Kinsella, 1990). The amounts of arachidonic
acids and/or their competitors (PUFAs) released
after membrane stimulation, via conversion to
eicosanoids, have wide reflexes or effects on
physiologic functions (Kinsella et al., 1990). The
human body has a mechanism capable of
regulating the lipidic metabolism and maintaining
a homeostatic state, so that several physiologic
systems can work with a wide range of alimentary
lipids without showing clear clinical symptoms or
metabolic aberrations. However, numerous
functions may be disturbed if the supply of a
certain fatty acid is excessive or inexistent (Belda
and Pourchet-Campos, 1991).
The Food and Agriculture Organization and the
World Health Organization (FAO/WHO, 1994)
have recommended a consumption of 3% of
essential oils, mainly ω-3 and ω-6 ones, based on a
total energy consumption of around 3000
calories/day. Yet, it is most important that the ω-3
and ω-6 consumption is based on a 0.2 ω-3/ω-6
ratio. This proportion was defined based on the
Okinawa’s population’s diet, in Japan. WHO has
recommended the addition of DHA to all infant
formulations based on fixed amounts of DHA in
human milk. The amounts are based on a study
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regarding the ω-3 fatty acids, particularly the
DHA, as being fundamental for the neurological
and visual pre and postnatal development
(FAO/WHO, 1994). Table 1 shows the appropriate
polyunsaturated fatty acids amount for pregnant or
lactating women, according to the National
Institute of Health (Benisek et al.� 2000).

7DEOH� � - PUFA Consumption Recommendation for
pregnant or lactating women.

38)$��������������������������������5HFRPPHQGDWLRQ��J�GD\�

Linoleic acid 6.67
Linolenic acid 2.22

Eicosapentaenoic acid 0.22
Docosahexaenoic acid 0.30

Source: Benisek et al. (2000).

7KH�HVVHQWLDOLW\�RI�IDWW\�DFLGV

,QIDQW�GHYHORSPHQW
The arachidonic (AA) and DHA fatty acids are
accumulated in the tissues during the fetal stage
and within the first weeks after birth. In the last 3
months of pregnancy, there is an increase (3 to 5
times) in these fatty acids amount in the fetus’
brain and cerebellum. In the first stages of prenatal
development, the fetus preferably receives long-
chained ω-3 and ω-6 fatty acids, which can be
seen by the increase in AA and DHA rates in the
fetus’ blood, with the opposite being verified for
the linoleic and linolenic acids. The concentration
of DHA progressively increases from the mother
to the child, getting to the child’s brain through a
selective process, which provides the developing
organism with the necessary amounts of such
substance (Kuhn and Crawford, 1968). The DHA
amount in the mother’s milk is variable, and
depends on the mother’s diet. The American and
European women’s milk contains about 0.15 to
0.3% of DHA (Dontson et al., 1992; Birch et al.�
1998; François et al., 1998), while, in other parts
of the world, the DHA amount in the mother’s
milk can reach 0.1 to 1.4% of the total fatty acids
(Innis, 1992).
The ω-3 fatty acids are essential for the
development of nerve cells, neurons and glial
cells. The lack of ω-3 fatty acids during the fetal
stage can bring tragic consequences for the child’s
future extra-uterine life. The amount of
polyunsaturated fatty acids (PUFAs) in the diet,
particularly the docosahexaenoic acid, as well as

the ω-3/ω-6 ratio during pregnancy and lactating
periods, influence the mother’s and infant’s
condition, and may play an important role in the
infant’s neural development (Benisek et al., 2000).
Japanese studies showed that schoolchildren who
consumed bread and dairy products with added
supplements of DHA had their concentration
levels improved and their stress levels decreased
during exams (Hi - DHATM, 2000).

$GXOWKRRG
The adult’s health condition as a whole is related
to the ω-3/ω-6 fatty acids ratio, as well as to the
eicosanoids genesis (Belda and Pourchet-Campos,
1991). Prostaglandins (PG), which are hormones
responsible for biological events in distant cells,
derive from the AA, EPA and the γ-linolenic acids
through the following mechanism: the
aforementioned fatty acids, which are found in
phospholipids of cellular membranes, are released
by means of the A2 phospholipase action. Once
these fatty acids have been released by means of
the cyclooxygenase’s activity, they form
endoperoxides, which, in turn, form the
prostaglandin (Ribeiro, 1990). PG is produced in
virtually all tissues through hormonal, neuronal or
other stimuli. Yet, the amounts of PG produced
vary as a function of the tissue type and with the
availability of phospholipids (20:4n-6) in the
tissues. The PG production is sensitive to dietary
alterations, especially to 18:2n-6 contents and
factors reducing the delta-6-desaturase activity,
limiting the conversion rates from 18:2 to 20:4n-6
(Hornstra, 1982). The PGs modulate numerous
secretory functions of the digestive, reproductive,
circulatory and immune systems (Hornstra, 1982).
The prostaglandins may constitute three families,
depending on the fatty acid they are derived from.
These families are characterized by the number of
double-bounds in the lateral chains to the
cyclopentane ring: PG1, PG2 and PG3, which come
from the linolenic, arachidonic and
eicosapentaenoic acids, respectively. Variations in
the chemical groups linked to the rings originate
several PG types designated by letters (A, B...).
The PCs originate prostacyclins (PGI) and
thromboxanes (TX) by means of the prostacyclin-
synthetase and thromboxane-synthetase actions,
respectively. Such compounds are also named with
numbers representing the fatty acids they come
from (Belda and Pourchet-Campos, 1991).



Soccol, M. C. H. and Oetterer, M.

Brazilian Archives of Biology and Technology

446

0HWDEROLF� IXQFWLRQV�� DOWHUDWLRQV� DQG� HIIHFWV� RQ
GLVHDVHV
The lipoxygenases action leads fatty acids to form
leukotrienes (LTs). The arachidonic acid forms the
4-series leukotrienes, which are similar to
thromboxanes, showing vasoconstrictive action,
possibly leading to arrhythmias. The EPA forms
the 5-series leukotrienes through the lipoxygenase
action. The 5-series leukotrienes, although not
completely inactive, are far less active than the 4-
series or 4-group ones (Belda and Pourchet-
Campos, 1991). Leukotrienes are also bioactive
modulators when involved in pulmonary functions
(asthmas and allergies), chemotaxis, inflammatory
responses and immunological functions
(Stjernschantz, 1984).
Platelets are blood cells that play an important role
in maintaining vascular integrity, controlling the
permeability of arterioles (Levin et al., 1984).
Platelets show a natural tendency to clump and
adhere to blood vessels walls. This phenomenon is
controlled by the production of thromboxanes
(TXA2 from 20:4n-6) by the platelets enzymes.
Excessive TXA2 synthesis causes vasoconstriction
and the platelets tend to form aggregates or
thrombi, which may block arteries, causing
coronary or cerebral thrombosis. This is a major
event in death associated with ischemic heart
disease (IHD) (Hornstra, 1982).
The tendency of platelets to aggregate in response
to TXA2 is continually counteracted by
prostacyclin (PGI2), which is also synthesized
from 20:4n-6 by enzymes of the endothelial cells
which line the vascular blood vessels walls. The
PGI2 causes vasodilatation, which minimizes the
platelets adhesion to the clumps, causing
antithrombotic disaggregation (Levin et al., 1984).
Such homeostatic mechanism is extremely
important, as it maintains the integrity and
functioning of the vascular system. The most
important of the ω-3 polyunsaturated fatty acids
seems to be the EPA, which presents anti-
aggregative potential resulting either in a
competitive inhibition of the thrombotic
synthesis (eicosanoid thromboxane) (Budowski,
1981) or in an increase in the production of
prostacyclins, which are anti-aggregative agents
(Goodnight et al., 1981).
It has been found that these essential fatty acids,
especially the eicosapentanoic acid (20:5 ω-3),
interfere in the production of thrombotic
prostaglandin, thromboxane (Budowski, 1981), or

are, alternatively, readily converted into
antithrombotic prostaglandin when LQ� YLWUR
(Needleman et al.� 1979; Dyerberg et al.� 1978). ,Q
YLYR� studies have demonstrated changes in the
platelets functions in individuals fed on fish or fish
products (Dyerberg and Bang, 1979). Such
metabolic peculiarities can account for many
supporting arguments of the favorable effects of
EPA and DHA on the prevention and cure of
cardiovascular diseases. It is believed that EPA,
when substituting AA, can promote the formation
of TXA3, showing an antithrombotic effect, while
PGI2 is substituted by PGI3 in the vascular walls,
reinforcing the TXA3 action (Belda and Pourchet-
Campos, 1991).
Aging is a multifactorial biological process that
accompanies degenerative changes, such as
functional decreases of organs and systems, which
lead to an increase in the organism’s vulnerability
and a decrease in its surviving ability. Several
biological and biochemical changes related to the
aging process have been studied. Metabolic
deficiencies, conversion of amino acids, synthesis
of collagen and changes in the DNA, proteins and
enzymes or in the enzymatic system may be used
as biological signals of aging (Campisi et al.,
1996). Peluffo et al. (1970) demonstrated that all
the processes involved in the synthesis of highly
unsaturated fatty acids (HUFAs) and, particularly,
the limitation in the delta-6-desaturate proportion
are related with the slow aging process. The
authors confirmed this observation by
demonstrating that the loss of affinity of delta-6-
desaturate (D6D) to enzymes from both substrates,
linoleic (LA) and α-linolenic acids (ALA), is one
of the causes of aging (Hrelia et al. 1989 and
Hrelia et al., 1990). Previous studies have
shown that low amounts of DHA in the blood
increase the risk of insanity, also demonstrating
that the supplementation of this substance
benefits people suffering from Alzheimer’s disease
(Hi - DHATM, 2000).

6RXUFHV� RI�ω��� DQG� ω��� SRO\XQVDWXUDWHG� IDWW\
DFLGV
Once the availability of ω-3 and ω-6 fatty acids for
human beings depends on the diet, that is, they
come from exogenous sources, it is important to
know which foods are capable of supplying
human needs. Some examples worthy mentioning
are fish, fish oil, as well as oil from many sea
animals, vegetable oil, margarine, human milk and
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others of little significance (Belda and Pourchet-
Campos, 1991).

)LVK�DQG�ILVK�RLO
The greatest source of ω-3 long-chained fatty acids
is most frequently found in fish, more frequently
used as food than other animals, such as seals and
whales. Oysters are also a good ω-3 source. The
amounts of fatty acids most frequently found in
seafood range between 8 and 12% EPA and
between 10 to 20% DHA (Badolato et al., 1994).
Freshwater fish usually contains lower proportions
of ω-3 polyunsaturated fatty acids than sea fish
(Monsen, 1985). There are reports showing that
cold-water fish presents relatively higher amounts
of ω-3 PUFA (Agren et al., 1988). Water
temperature seems to be an important factor
influencing such amounts. However, Bimbo
(1987) contested the theory of cold-water fish,
such as English fish, being richer in PUFAs
than fish from tropical areas, such as Brazil (Wang
et al., 1990).
Andrade and Lima (1979) studied the influence of
sexual and seasonal changes in the fatty acids
composition for mandi (3LPHORGXV� FODULDV), a
freshwater Brazilian fish. Comparing the results of
tinned and in-brine products, the authors observed
significant monthly variations in the total fatty
acids amounts, ranging from 7.80 to 17.05 g/100g.
As for the sexual changes, similar contents of fatty
acids were verified. Tinned and in-brine products
showed a decrease in the fatty acids content during
the storage period. Bodwell and Anderson (1986)
observed a decrease in fatty acids amounts during
storage due to water loss and an increase in the
lipidic fraction.
Badolato et al. (1994) studied the influence of
seasonal variations on the fatty acids composition
of 20 fillet samples and 20 mechanically separated
fish pulp samples of sea fish commercialized in
Sao Paulo State (whitemouth croaker, weakfish,
pigfish, sardine and mullet). No significant
variation was observed in the fatty acids
composition between the fillet and pulp samples.
Seasonal variations in the fatty acids percentages
were observed for each analyzed species. The
pigfish showed the largest combined amounts of
two fatty acids (from 27.6 to 37.0 and from 33.9 to
36.5 g/100 g for fillet and pulp, respectively),
followed by sardine (from 23.7 to 33.3 and from
24.1 to 34.1 g/100g for filet and pulp,
respectively). Considerable amounts of arachidonic

acid were observed in all studied species, especially
in pigfish and mullet, corroborating the results of
other studies showing that tropical waters fish
contains larger amounts of ω-6-series unsaturated
fatty acids, especially eicosatetraenoic (C 20:4),
than temperate waters fish (Gibson, 1983).
Silva (1992) observed combined amounts of both
fatty acids (EPA and DHA) of 37.73% in the oil  of
6DUGLQHOOD�DXULWD, a Brazilian sardine. The Japanese
sardine oil contained no more than 29% (16.8%
EPA and 11.3% DHA) (Kinsella, 1986), while the
American sardine oil contained 37.1% (11.3% EPA
and 25.8% DHA) (Hearn et al., 1987).
Oil extracted from some species of fish is
presently used as alimentary supplement to modify
the plasma’s lipidic profile and to balance the
aggregating activity of platelets (Dyerberg et al.,
1978; Harris et al., 1983). In the same way, it is
recommended that the consumption of fish is
increased, preferably fatty species. Some studies
show a strong correlation between probable fish
consumers and lower mortality rates due to
cardiovascular diseases (Kromhout et al., 1985).
Other relevant data refer to cardiovascular
diseases, arteriosclerosis, the awareness of the
habitual total cholesterol intake and diets
recommending maximum cholesterol intakes of
300 mg. As cholesterol is synthesized by animals,
it is found in fish and fish oils (Labuza and Sloam,
1979). Table 2 shows the ω-3 fatty acids (EPA and
DHA) amounts found in some marine species.

7DEOH� � - ω-3 fatty acids (EPA and DHA) found in
marine species.

6SHFLHV ω���)DWW\�$FLGV
Sardine oil
Tuna oil
Whale oil
Eel oil
Mackerel oil
Xerelete oil
Salmon eggs oil
Nissin oil
Samma oil
Bonito oil
Herring oil
Blue small whiting oil
Shark oil
Dogfish oil (head only)
Salmon oil
Cod liver oil
Oyster (eatable part)

10 - 20% EPA
5 - 6% EPA
10 - 15% EPA
8 - 12% EPA
10 - 15% EPA
7 - 10% EPA
15 - 30% EPA
6 - 10% EPA
8 - 12% EPA + 30% DHA
8 - 12% DHA
14.6% EPA + DHA
28.9% EPA + DHA
20.6% EPA + DHA
20.3% EPA + DHA
21.4% EPA + DHA
10% EPA + DHA
26.8% EPA + DHA

Adapted from Belda and Pourchet-Campos (1991) and
Park et al. (1997).
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%HQHILFLDO�HIIHFWV RI�38)$V
The beneficial effects of polyunsaturated fatty
acids (PUFAs) in fish oils have been widely
discussed (Holub, 1988; Pourchet-Campos, 1989).
The PUFAS beneficial effects relate to their role in
the integrity maintenance of biological
membranes, their capability to reduce the amount
of serum lipids and their conversion to compounds
called eicosanoids, which show direct influence on
the vascular physiology and vascular system
(Murphy, 1990). These effects have been more
noticeable in populations presenting low fat intake
diets, such as Japanese communities of fishermen
that show low incidence of heart problems, as well
as Eskimos (Kinsella, 1986). Cases of multiple
sclerosis are rare in coastal areas, where there is
high consumption of seafood (Pourchet-Campos,
1989). It can be said that there are strong
evidences that diets based on PUFAs can reduce
the development of coronary diseases (Nestel,
1987). Most researches on ω-3 fatty acids during
the latest years have been aimed at determining
their immunological and anti-inflammatory
effects, especially in cases of asthma, rheumatic
arthritis and autoimmune diseases (Pigott and
Tucker, 1987; Horrocks and Yeo, 1999;
Simopoulos, 2002; Shapiro, 2003). Evidences for
the selective effect of ω-3 PUFAs come from
epidemiological data indicating a very low
incidence of ischemic heart diseases (IHD) among
Eskimos living in Greenland, who had a diet rich
in seafood (average of 400 g of fish/day)
compared to Eskimos living in Denmark, who
consumed limited amounts of fish (Dyerberg,
1981; Jorgensen and Dyerberg, 1983). Subsequent
analyses revealed that the Greenland Eskimos had
significantly lower concentration of serum
cholesterol, triglycerides, very-low density
lipoproteins (VLDLs), low-density lipoproteins
(LDLs) and higher levels of high-density
lipoproteins (HDLs), compared to the Denmark
Eskimos, who consumed a typical European diet
(Dyerberg, 1981; Jorgensen and Dyerberg, 1983).
Lower death rates from IHD in Japan have
been attributed to the higher consumption of fish,
with the lowest rate being observed in Okinawa,
where fish consumption exceeds 200 g/day
(Kagawa et al., 1982).
Kromhout et al. (1985) suggested fish
consumption of 30 g/day to reduce the incidence
of IHD-related mortality in a population of Dutch
males. These observations stimulated many dietary

studies involving the use of fish oil in the diets of
humans and animals. Nestel et al. (1984) reported
that fish oils inhibit the synthesis of proteins, as
well as TG and VLDLs components. The ω-3
PUFAs from fish oils may also enhance the
removal of VLDL in peripheral tissues and
increase the excretion of cholesterol (Harris et al.,
1983). They may also reduce the fatty acids
synthesis in living cells (Yang and Williams,
1978). Singer et al. (1985) showed that EPA
and/or DHA from the mackerel specie are
effective in reducing blood pressure in certain
groups of patients from East Germany who include
fish in their usual diets.
A study carried out by Kromhout et al. (1985)
yielded information on foods that provided an
EPA supply of 140 mg/day, in a group regularly
fed on seafood. This discovery is based on a
twenty-year study with male adults in Holland
who consumed fish twice or three times a week,
amounting to a consumption of 30 g/day. The
mortality due to coronary diseases was reduced by
50%. This fact has stimulated the consumption of
fish and mollusks.
Whelan et al. (1991) reported experiments with
mice with the intent to compare the effects of diets
containing α-linolenic acids to those containing
fish oils on the metabolism of eicosanoids. The
fish oil diet promoted significant modifications in
the eicosapentaenoate levels in the tissues, while
the α-linolenic acid was mostly metabolized as
docosahexanoate.
The ω-3 PUFAs components of fatty acids, present
in a diet containing fish oil, are readily absorbed
and assimilated in various organs and adipose
tissues of lab animals, with the phospholipids
(PLs) being preferably assimilated, especially the
phosphatidylethanolamine and the
phosphatidylcholine (Hornstra, 1982). The ω-3
fatty acids appear in adipose tissues within 1-2
days, and their PLs concentration increases
modestly with continued feeding. However,
there seems to be a limit to the amount
incorporated, which varies according to the
tissue. The ω-3 PUFAs are rapidly depleted from
most tissues following cessation of feeding
(Swanson et al.� 1986).
Several researches have shown that diets rich in fat
may be associated with an increase in the
incidence, accelerated growth and development of
certain tumors (Cave, 1991; Kinsella, 1990). In
view of this fact, studies have been carried out to
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determine the capability of numerous families of
fatty acids to promote tumors growth. The effects
of a diet rich in ω-3 series polyunsaturated fatty
acids on the development of certain tumors in a
group of animals were examined. At the same
time, another group of animals was feed on ω-6
series polyunsaturated fatty acids. The animals fed
on ω-3 fatty acids showed a decrease in tumors
growth (mammary, colon, pancreas and prostate),
while those fed on ω-6 fatty acids presented an
increase in the growth of tumor cells (Cave, 1991).
Experimental studies with mice have shown that
the linoleic acid is a factor of tumors growth,
while fatty acids derived from seafood, mainly the
EPA and DHA fatty acids, inhibit tumors growth,
as it is the possible case of antioxidants, vitamin C
and E, carotenoids and selenium. High levels of
prostaglandin (PGE2) have been detected in the
tissues and blood of patients with tumors
(Kritchevsky, 1996), which evidences that PGE2 is
associated with tumors growth. Consequently,
high amounts of ω-6 fatty acids in tissues facilitate
this reaction. There are also evidences that these
factors inhibit the PG synthesis, which may inhibit
breast cancer. The Eskimos and the Japanese show
low incidence of breast cancer, suggesting that fish
oil may play a role in this fact (Kinsella, 1986).
The PGE2 and PGF2 prostaglandins, metabolized
from ω-6 polyunsaturated fatty acids, are found in
high amounts in blood and urine of dysmenorrheic
women during the menstrual period (Benassi et al.,
1993). A balanced diet, that is, showing low
amounts of ω-6 fatty acids, may indirectly reduce
the prostaglandin amounts, as well as the
menstrual discomfort. This phenomenon may not
occur due to the increase in ω-3 fatty acids or
monounsaturated fatty acids (ω-9 series) amounts.
This hypothesis was based on a previous study
carried out with Spanish women, whose menstrual
colics and other menstrual discomforts were
statistically correlated with low amounts of fatty
acids in their diets, that is, low ω-3/ω-6 fatty
acids ratios and low amounts of vitamin B12

(Deutch, 1995). Based on these results, an
American study indicated that fish oil
supplementation could be used to control
dysmenorrhea (Hazel Z Biro et al., 1996).
Recent researches have shown that people
who consume large quantities of fish tend to
show lower depression indexes and/or suicide
(Colin et al.� 2003). The increase in depression
indexes in the United States has been associated to

diets containing low amounts of DHA (Hi -
DHATM, 2000). Study showed that hospitalized
manic-depressives and individuals with other
mood disorders showed significant improvement
in their depressive state when DHA was part of
their diets (Hi - DHATM, 2000; Mischoulon and
Fava, 2000; Puri et al.� 2001; Peet and Horrobin,
2002). Hibben et al.� (1998) and Brunner et al.
(2002) suggested the increasing the dietary intake
of omega-3 fatty acids might increase central
serotonergic activity and reduce impulsive and
aggressive behaviors.
The excessive consumption of unsaturated fatty
acids might pose a potential threat due to the
peroxidation process. High amounts of ω-6 fatty
acids may trigger physiopathologic events
associated with the production of eicosanoids
(arthritis, inflammations). Thus, besides meeting
the functional requirements of nerve tissues, retina
and gonads, ω-3 PUFAs from diets may act as
effective modifiers in the eicosanoids production.
As for patients under treatment, the
supplementation should supply the needs for EPA
and DHA in palatable form, which may increase
the oxidative stress, favor the lipidic peroxidation
and naturally reduce the activity of "killer" cells,
decreasing their direct action over extraneous
cells. It is necessary to have a balanced diet of
polyunsaturated fatty acids, as well as of
antioxidants, to avoid the lipidic peroxidation
(Kritchevsky, 1996).
Vitamin E is the most important LQ YLYR
antioxidant for controlling the peroxidation of
polyunsaturated fatty acids. This vitamin is
composed mainly of tocopherols, with α-
tocopherol being the most effective antioxidant.
Although the current American diet provides the
average dietary needs of 0.4mg α-tocopherol/g
linoleic acid, it is still not clear if sufficient
amounts of α-tocopherol are provided in low fat
diets containing only polyunsaturated oils, which
is the case of fish oil. Therefore, it is important to
ensure that an adequate intake of α-tocopherol is
provided in order to minimize peroxidation,
cellular aging and accumulation of lipofuscin and
ceroid pigments, typical of tissue degeneration
(Kinsella, 1988).
It was found that in case there was a deficiency of
vitamin E in people consuming large amounts of
polyunsaturated fatty acids, the production of
prostacyclin-synthetase was reduced. Thus, it did
not act on the endoperoxide and, consequently, not
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forming prostacyclin. The reduction in the
prostacyclin production increased the
thromboxane-prostacyclin rate, which was
deleterious for the organism (Ribeiro, 1990).

2WKHU�IRRGV�FRQWDLQLQJ�ω���DQG�ω��
Human milk is a very rich source of ω-3 and ω-6
fatty acids for preterm infants. However,
polyunsaturated acids amounts in the human milk
depend on their ingestion by mothers, so that they
may be liberated by the mammary glands
(Martinez, 1991; Duchen and Bjorksten, 2001).
Jensen (1978) reported that colostrum is richer
than milk in unsaturated fatty acids, which are also
found in higher amounts in preterm children’s
mother’s colostrums (Bitman et al., 1983). Milk
from strictly vegetarian women shows around 1/3
of the DHA amount found in milk from non-
vegetarian women and lower seafood consumption
also was associated with higher rates of
postpartum depression. (Carlson et al., 1985;
Hibbeln, 2002. The total long-chained
polyunsaturated fatty acids amounts in human
milk vary after the childbirth, with amounts
dropping quickly three months afterwards
(Crawford, 1976). The supply of ω-3 and ω-6 by
vegetable oils varies according to the oil origin, as
it can be observed in Table 3.

7DEOH� � - ω-3 and ω-6 fatty acids found in vegetable
oils (%).

2LO ω�� ω��
Linseed 43.3 53.3
Canola - 11.1
Nut - 10.4
Wheat germ - 6.9
Soybean 53.0 6.8
Rice bran - 1.6
Corn 56.8 1.0
Sunflower 66.0 1.0
Olive 9.0 0.5
Cotton seed - 0.5

Source: Hunter (1990).

In Brazil, an African palm oil is broadly used in a
typical dish from Bahia, which can supply up to
50% of fatty acids from the three families (10% of
ω-6 and 1% of ω-3) (Tavares and Barbério, 1989).
It has been found that purslane, 3RUWXODFD
ROHUDFHD, contributed more to health than most
cultivated vegetables. It particularly showed high
percentage of α-linolenic acid (Simopoulos et al.,

1991; Ezekwe et al., 1999), being the richest
source of this fatty acid among all vegetables
(Simopoulos et al., 1991).
The algae )XFXV�YHVLFXORVXV and &KRQGUXV�FULVSXV
provide 38.5% and 9.4%, and 30.5% and 3.3% of
ω-3 and ω-6, respectively. Algae are generally
little used as food around the world, except for
Japan (Hunter, 1990). Broccoli, lettuce, spinach,
certain types of beans, butter and especially
margarines may be, depending on the vegetable
oils they are made from, sources of fatty acids
(Hunter, 1990). Nowadays, nutritious products
enriched with DHA, such as milk and soft drinks,
not to mention supplements containing EPA and
DHA, have been marketed by the food industry
(Park et al., 1997).

&21&/86,216

Functional foods are associated with changes in
lifestyle and alimentary habits. The ω-3 and ω-6
fatty acids found mainly in seafood and vegetable
oils are indicated for the prevention of
cardiovascular diseases, as they decrease
cholesterol amounts and blood pressure. They are
also correlated with the cerebral and visual
development. Therefore, a balanced diet, in which
fish is consumed at least 2 or 3 times per week,
supplies the daily needs of ω-3 polyunsaturated
fatty acids, and keeps the integrity of cellular
membranes and nervous tissues, as well as,
ensures good functionality of the organism as a
whole.

5(6802

O pescado é um importante constituinte da dieta
humana e possui a maior reserva de ácidos graxos
polinsaturados, especialmente o eicosapentanóico
(EPA) e o docosahexanóico (DHA) da série ω-3.
Têm-se intensificado as pesquisas científicas a
respeito desses ácidos graxos por estes estarem
envolvidos na prevenção e/ou cura de doenças,
principalmente cardiovasculares e inflamatórias.
Esta revisão teve como objetivo discutir os
aspectos mais importantes dos ácidos graxos ω-3
presentes no pescado, bem como, os seus
mecanismos de ação, envolvidos na prevenção e
controle de doenças.
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