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Effect of n-3 polyunsaturated fatty acids
on the lipidic profile

of healthy Mexican volunteers
Octavio Carvajal, Q.F.B., M. en C.,(1) Ofelia Angulo, Ing. Bioquím., Ph.D.(1)

Carvajal O, Angulo O.
Efecto de los ácidos grasos polinsaturados n-3
en el perfil lipídico
de mexicanos voluntarios.
Salud Publica Mex 1997;39:221-224.

Resumen
Objetivo. Estudiar el efecto de los ácidos grasos polinsatu-
rados n-3 en el perfil lipídico sérico de una población mexi-
cana. Material y métodos. La ingesta diaria del suplemento
de aceite de salmón fue de 3 gramos durante cuatro semanas.
Se evaluaron los niveles de colesterol total, triglicéridos,
lipoproteínas de baja densidad, lipoproteínas de alta densi-
dad y la composición en ácidos grasos de los eritrocitos.
Resultados. Muestran una reducción significativa (p< 0.05)
en los niveles de triglicéridos y un aumento significativo
(p< 0.01) en los niveles de lipoproteínas de alta densidad en
los sujetos con hipertrigliceridemia. El grupo con hiperco-
lesterolemia presentó reducción en los niveles de colesterol
total y triglicéridos y aumento significativo en los niveles de
lipoproteínas de alta densidad (p< 0.01). Conclusiones. El
efecto hipolipidemiante de los ácidos grasos polinsatura-
dos n-3 se puso de manifiesto en voluntarios mexicanos
bajo las condiciones aquí evaluadas.
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Abstract
Objective. The effect of n-3 polyunsaturated fatty acids on
the serum lipid profile in a Mexican population was evalu-
ated. Material and methods. Three g of salmon oil was
the daily intake during four weeks. Total cholesterol, trig-
lycerides, low density lipoproteins, high density lipoproteins
and erythrocyte fatty acid composition were analyzed. Re-
sults. The hypertriglyceridemic group showed a statistically
significant (p< 0.05) reduction of triglycerides and signifi-
cant (p< 0.01) elevation of high density lipoproteins. The
hypercholesterolemic group reduced significantly the levels
of cholesterol and triglycerides; high density lipoproteins
were augmented by 11.6%. Conclusions. The hipolipidemic
effect of n-3 polyunsaturated fatty acids was manifest in the
Mexican volunteers under the conditions here evaluated.

Key words: hyperlipidemia; cholesterol; triglycerides; fatty
acids, polyunsaturated; Mexico

largely studied. The pioneering work on Greenland
Eskimos by Bang and Dyerberg in the mid-1970’s1,2 has
resulted in extensive research programs worldwide on
the beneficial effects on health of diets rich in fish and
marine oils. Since then, the role of n-3 PUFA on hu-

he beneficial effects of n-3 polyunsaturated fatty
acids (n-3 PUFA) in human health have been

man nutrition has been the main objective of scientists.
Cardiovascular disease (CVD) is considered as one of
the most significant health problems in the world due
to the elevated death rate reported during the last de-
cades. Particularly, in the United States, CVD is one of
the most significant diet-related health problems. The
same pattern seems to follow in Mexico. Indeed, dur-

T

(1) Instituto Tecnológico de Veracruz, Departamento de Ingeniería Química y Bioquímica, Veracruz, Ver., México.

Fecha de recibido: 18 de noviembre de 1996 • Fecha de aprobado: 17 de abril de 1997
Solicitud de sobretiros: Professor Ofelia Angulo. Apartado Postal 1420, 91860 Veracruz, Ver., México.



222 salud pública de méxico / vol.39, no.3, mayo-junio de 1997

ARTÍCULO BREVE Carvajal O, Angulo O

ing the last decade, cardiovascular disease has become
one of the leading causes of morbidity and mortality
in Mexico.3, 4

Dietary habits in the Mexican population are very
much alike those observed in the United States spe-
cially among the middle and upper class population.
The relationship that exists between dietary lipids and
cardiovascular diseases is well documented.5-7 Hyper-
lipidemia has been identified as a major risk factor for
athersoclerosis and is associated with elevated circu-
latory levels of cholesterol, cholesterol esters and
triglyceides. Therefore, there is much interest on study-
ing the role of dietary fats on these blood circulating
parameters and the factors which contribute to the
development of hyperlipidemias in the pathogenesis
of atherosclerosis and cardiovascular diseases.8-13 Sci-
entific attention has been focused on the therapeutic
value of fish oil rich in eicosapentaenoic (EPA) and
docosahexaenoic (DHA) acids on serum lipids, lipo-
proteins and functional parameters of the circulating
red blood cells (RBC).14-23 Moderate intake of n-3 fatty
acids can markedly increase the concentration of these
fatty acids in plasma, red blood cells and other cellu-
lar tissues.24-27 Given the association between dietary
fatty acids and the risk of sudden cardiac death, it is
important to establish the correlation between dietary
n-3 PUFA and serum lipidic profile in a Mexican popu-
lation. Therefore, the aim of this study was to examine
the effect of dietary n-3 PUFA intake on plasma lipidic
profile and fatty acid composition of erythrocyte mem-
brane.

Material and methods
The effect of n-3 PUFA was evaluated on 45 Mexican
volunteers from the Instituto Tecnológico de Veracruz,
in 1995. The group was composed of 23 men and 22
women. They were classified according to their serum
lipidic profile as normolipidemic subjects (n= 14), hy-
percholesterolemic subjects (n= 22) and hypertriglyc-
eridemic subjects (n= 9). In our laboratory, the normal
range for cholesterol in fasting serum was considered
to be <240 mg/dl and for triglycerides <150 mg/dl.
Participants average weight was 75.1±15.3 kg and av-
erage age was 46.8±7.0 years old. Subjects were checked
weekly for compliance with the study.

Participants were requested to sign an agreement
of participation form, after a clear explanation of the
protocols. Supplement given to all subjects consisted
of 3 g of salmon oil (Prime Natura, Palo Alto CA) cap-
sules of 0.5 g containing 0.06 g of  eicosapentaenoic
acid and 0.05 g of docosahexaenoic acid in a dose of 6
capsules daily during four weeks. Fasting was request-

ed from participants before sample drawing. A 10 ml
venous blood sample was drawn from the anticubit-
al vein and five ml were put into a heparinised tube
to analyze for RBC fatty acid composition and 5 into
a tube to recover serum and determine immediately
the serum lipidic profile.

Cholesterol and triglyceride levels in fasting se-
rum were measured enzymatically after hydrolysis
using commercially available kits (Merck, Germany).
Lipoproteins were also analyzed enzymatically by us-
ing Merck kits.

Lipid extraction from RBC membranes was car-
ried out by the Bligh and Dyer method28 and the me-
thyl esters were formed by  saponification followed
by methylation by acidic esterification with methanol.
Fatty acid methyl esters were extracted using hexane
and analyzed by gas chromatography using a Hewlett
Packard model 5890 with a 5 phenylmethyl silicone
capillary column and flame ionization detector. Injec-
tion and detector temperatures were 250 oC, helium
was the carrier gas and the column temperature was
programmed to rise from 130 oC to 240 oC at a rate of
8 oC/min. Fatty acid methyl esters (FAME) peaks were
identified by comparison with authentic fatty acid stan-
dards (SIGMA). Results were analyzed individually
with a Minitab 8.2 accelerated computer statistical
software. It is important to mention that the statistical
analysis was done between the values before and after
supplement intake of each individual and not between
the mean of the whole group.

Results
In normolipidemic subjects total cholesterol concen-
tration fell 0.64%, as well as triglyceride levels (4.5%)
and low density lipoprotein (LDL) cholesterol (2.91%).
However, the most significant change in this group was
the important increase in high density lipoprotein
(HDL) cholesterol (7.92%).

Therefore, normolipidemic subjects did not
manifest statistically difference in the serum levels of
total cholesterol, triglycerides and LDL-cholesterol.
HDL-cholesterol level, on the other hand, increased sig-
nificantly (p< 0.05) by the n-3 PUFA intake in this
group.

In the hypercholesterolemic group supplemented
with n-3 PUFA during four weeks, total cholesterol,
triglycerides and LDL-cholesterol levels decreased sig-
nificantly, (6.6%, 12.5% and 9.16% respectively) com-
pared with the  initial values. Results for this group
are expressed in figure 1. There was significant in-
crease (p< 0.01) in serum level of HDL-cholesterol
(11.6%) compared with the baseline level. The inclu-
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sion of n-3 PUFA in the diet was associated with a nor-
malization of serum lipidic profile and an increase in
the protective factor for cardiovascular disease (HDL).

The hypertriglyceridemic group supplemented
with n-3 PUFA exhibited the greatest serum profile
modifications. Results of this group  are assembled in
figure 2. Total cholesterol level decreased by 5.33%, trig-
lyceride reduction was 16% and LDL-cholesterol level
fell by 7.74% in comparison with the initial lipid pro-
file values. A remarkable increase (13.5%) in HDL
cholesterol was also observed in this group.

There were significant changes in the fatty acid
composition of the RBC membranes after n-3 PUFA

intake. The most relevant finding was the increase
(p< 0.05) of n-3 PUFA (3.39 vs 6.05). This was mainly
due to the increase in 20:5 n-3 (0.38 vs 2.21) and 22:6
n-3 (0.46 vs 2.59) and the reduction of 22:5 n-6 (8.72 vs
11.07).

Discussion
The hipolipidemic effect of n-3PUFA in hypercho-
lesterolemic and hipertrigliceridemic subjects in this
study is in accordance to those reported by several au-
thors.10, 13, 20, 22

The slight changes in plasma lipids in normoli-
pidemic subjects produced by the intake of n-3 PUFA
are in accordance to those reported by Sanders and
Hochland.29 These authors, however used higher dose
(10g/d vs 3g/d) and shorter time (2 wk vs 4 wk). The
increase in HDL-cholesterol in this group confirmed
the results reported by Harris,22 and Sanders and
Hochland.29 Dietary records in our study and the stud-
ies mentioned above were not reported, so there is no
data available to discuss on the dietary history. If the
intake of PUFA was low, before the study, the intake of
n-3 PUFA was sufficient to increase the cleareance
of cholesterol through HDL. If the PUFA intake was
high, before the study, the intake of n-3 PUFA could
still improve the lipid metabolism by increasing HDL,
but not high enough or longer enough to reduce fur-
ther the levels of triglyceride and total cholesterol.
On the other hand, how low cholesterol levels ought
to be to consider it a low risk factor for cardiovascular
disease? Recently, Yamamoto et al 30 reported total cho-
lesterol values of 208±43.4 for men and 206±36.6
mg/dl for women in a study of 3 312 581 subjects in
Mexico City. These values are not considered elevated,
however, during  the last years, cardiovascular disease
has become one of the leading causes of morbidity and
mortality in Mexico.3,4 It appears, on the other hand,
that hypertriglyceridemia is most prevalent among the
population in Mexico City.30 Since the most signifi-
cant effects of EPA and DHA intake were manifested
in the hypertriglyceridemic group, one might hypoth-
esize a possible deficiency of these essential fatty ac-
ids among the Mexican population.

Up to now, dietary guidelines for the essential
fatty acids have not been set. When considering, di-
etary guidelines for essential fatty acids, the following
questions must be answered: What is the normal level
of essential fatty acids in human cells? Are essential
fatty acid requirements the same at all ages? Are arachi-
donic acid, DHA and EPA as well as linoleic and alfa-
linolenic acids considered essentials for the neonate?
Requirements should be set as total n-6 PUFA/total

FIGURE 2. SERUM LIPID PROFILE OF HYPERTRIGLYCERIDEMIC

SUBJECTS BEFORE (B) AND AFTER (A) INTAKE OF DHA
AND EPA

FIGURE 1. SERUM LIPID PROFILE OF HYPERCHOLESTEROL-
EMIC SUBJECTS BEFORE (B) AND AFTER (A) DHA AND EPA
INTAKE
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n-3 PUFA ratio or as 18:2 n-6/18:3 n-3 ratio? Are there
special PUFA requirements under certain physiologi-
cal disorders?

Besides, it is interesting to consider the following
factors: Requirements for 18:2 have been proposed to
be 2.5% calorie intake and for 18:3 n-3 0.5 % calorie
intake.13 However, since we are more proned to greater
intakes in n-6 PUFA than in n-3 PUFA, it has been pro-
posed to use a ratio of n-3 PUFA/ n-6PUFA as a good
way to estimate the daily requirement for these two
fatty acid families. The usual sources for linoleic acid
and alfa-linolenic acid are vegetable oils. However,
since these PUFA are very susceptible to heat oxida-
tion and since very often the most consumed food items
are deep-fried products, most likely the requirements
for the n-3 PUFA are not achieved. Specially impor-
tant is the fact that when both families are supplied by
diet at equal levels, desaturation/elongation enzymes
which are the same for both families, manifest prefer-
ence for 18:3 n-3.31, 32 Does this mean cells are in short-
age for this fatty acid family? Probably yes, since most
studies report an increase in n-3 PUFA membrane phos-
pholipids when supplied in the diet. Further research
is necessary to come to a final consensus as to the di-
etary requirements for essential fatty acids in healthy
population and the therapeutic effect of n-3 PUFA on
hyperlipidemic subjects.
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