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Small supplements of N-3 fatty acids change

serum low density lipoprotein composition

by decreasing phospholipid and apolipoprotein

B concentrations in young adult women

Summary In order to investigate
the effect of a short-term
application of marine n-3
polyunsaturated fatty acids on the
composition of serum very low
density lipoproteins (VLDL), low
density lipoproteins (LDL), and
high density lipoproteins (HDL),
nine women aged 29± 4.2 years,
following a diet with a
SFA/MUFA/PUFA profile of
2.4/3/1, received supplements of six
capsules daily, each capsule
containing 0.137 g of n-3 fatty
acids (14.5 % eicosapentaenoic acid
(EPA) and 8.9 % docosahexaenoic
acid (DHA)) for 10 d. Food
consumption, assessed during two
10-days periods indicates that
percentage contribution of SFA,
MUFA, and PUFA to the daily
energy intake did not change
through the fish-oil supplementation
period, but the daily consumption
of n-3 fatty acids increased 2.3
times. N-3 fatty supplementation
increased EPA and DHA
percentages in serum phospholipids,
but failed to decrease (p > 0.05)
the cholesterol and triglyceride
concentration in serum LDL and
HDL, although it did so in VLDL.
In contrast, the lipoprotein-
phospholipid and lipoprotein-protein
concentrations were markedly
affected, mainly in LDL and HDL
(at least p < 0.01). HDL and VLDL
compositions were not affected but
the total mass (lipid + protein in
mg/dl) concentration of these

lipoproteins significantly decreased
(p < 0.05), suggesting a lower
number of these particles in
circulating blood after the n-3
treatment. The LDL-cholesterol/
LDL-apolipoprotein B ratio
increased (p < 0.01) reflecting a
probable increase in LDL size.
Following fish oil supplementation,
LDL particles contained a
significantly lower amount of
phospholipids, which also suggests
changes in the surface/core ratio of
the average LDL. Changes in serum
lipoprotein lipids did not
significantly correlate with any
dietary change other than the n-3
fatty acid increase. The results
indicate that a 10-day application of
a small supplement of n-3 change
the LDL composition leading to
less atherogenic LDL particles with
lower phospholipid and apolipo-
protein (Apo) B concentrations.
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Introduction

It is well known that fish oils rich in n-3 polyunsaturated
fatty acids (PUFA) are able to lower serum triglyceride
levels in humans (14, 21, 22, 25, 31, 34), but their effect
on size and composition of low and high density lipopro-
teins (LDL and HDL, respectively) has been less re-
ported. Several factors are involved in the variability of
the human response to dietary fish oil supplementations:
the type of patients being studied (normo or hyperlipi-
daemics) and their dietary habits, the n-3 PUFA dosage,
the n-3 PUFA/n-6 PUFA ratio, and the study duration
(21–23, 31). Moreover, trials using fish oil supplements
have shown a hypotriglyceridaemic effect, especially in
hypertriglyceridaemic patients, and a reduction in low
density lipoprotein cholesterol (LDL-C) levels when satu-
rated fat intake is partially replaced by fish oil (20).
Nevertheless, the information on the influence of n-3
fatty acids on apolipoprotein (Apo) concentrations and
lipoprotein composition, above all in normo or even
hypolipidaemic healthy subjects is limited (2, 42). On the
other hand, oleic and linolenic acids have been shown to
increase, whereas linoleic acid is known to decrease, the
uptake of eicosapentaenoic acid (EPA) by the cell (38).
Thus, the metabolic effect of n-3 fatty acids may be
modulated by the presence of other dietary fatty acids,
such as oleic acid (36).

Two week-study is considered a bare minimum for
achieving dietary perturbation on plasma lipids (Grande,
personal communication). However, recent data of our re-
search group on women supplemented with n-3 fatty
acids show that changes on plasma Apo are present after
only 10 days of dietary treatment.

Therefore, we investigated the influence of a short-
term application of a fish-oil preparation on the serum
lipoprotein composition of young adult women consum-
ing a high level of fat and monounsaturated fatty acids
(MUFA), and a relatively low level of n-6 PUFA.

Materials and methods

Subjects and experimental design

The study was carried out in 9 women, aged 29± 4.2
years, 58.5± 10.6 kg, with a body mass index of 23.0±
2.6 kg/m2. None of them were taking oral contraceptives
or other drugs affecting lipoprotein metabolism. All of
them performed a similar physical activity (aerobic train-
ing, 1 to 3 h/week), were matched by sociocultural level
(university graduate students), and had similar eating hab-
its. The study was performed in accordance with the Hel-
sinki Declaration of 1964 (as amended in 1983 and 1989).
All the women voluntarily consented to take 6 capsules
per day (2 at breakfast, 2 at lunch, and the remaining 2 at

dinner) of a fish oil supplement for 10 days. Each capsule
(Pulse®, Grifols, S.A. Parets del Vallès, Barcelona,
Spain) contained 500 mg of fat, 0.34 mg of vitamin E, 4.2
mg of cholesterol, 60 mg of carbohydrates, 115 mg of
proteins, and an energy content of 5.2 kcal (21.8 kJ).
Each volunteer consumed a daily dosage of 870 mg of
total n-3 fatty acids (390 mg EPA and 252 mg DHA).

Women were blood sampled after fasting for 12–15 h
once at the start of the experiment and then 28 days later.
Fish oil supplement started on day 17 of the study and
ended 2 days before the second venipuncture was per-
formed (Fig. 1). This experimental design eliminated bias
due to lipid variation during the hormonal cycle. This
made it possible to quantify the n-3 fatty acid influence
on serum lipids, lipoproteins and Apo in women, avoid-
ing the confusing effects of the menstrual cycle. The ex-
perimental design also eliminated nutritional change in-
fluences because the women ate their normal diets
throughout the experiment. Any possible significant die-
tary change which occured was evaluated by performing a
survey of two 10-day periods, the first of which corre-
sponded to the period before the basal blood extraction
(basal period) and the other to the fish oil supplementa-
tion period. The diet was recorded and studied throughout
out the two 10-day periods. These 10-day periods provide
acceptable estimates of macronutrients, e.g., fat and en-
ergy (5) and of cholesterol (7). Energy and nutrient in-
takes per person and day were calculated using a com-
puter program compiled from tables for the raw food
weights (29). The possible change in the atherogenic po-
tential of the diets was calculated according to the Zilver-
smit (44) and Connor et al. (13) equations.

Fatty acids and lipoprotein analyses

Several capsules were randomly selected and opened and
the oil they contained was homogeneously mixed and sa-
ponified with 0.5N of sodium hydroxide in methanol,
then methylated following the IUPAC method (24). The
fatty acid methyl esters were analyzed by gas chromato-
graphy. Details of the method and calculations used have
previously been published (35).

Blood was allowed to clot for 1 h atroom temperature
and the serum was then separated by centrifugation at
1 200g and 20oC for 20 min. Lipoproteins (VLDL, LDL,
and HDL) were isolated by 21 h density gradient ultra-
centrifugation at 40 000 rpm (272 000g) and 8oC (40).
Cholesterol in sera and lipoproteins was measured using
the enzymatic cholesterol esterase-cholesterol oxidase
method (3) proposed by Boehringer Mannheim, Germany.
Triglycerides were tested according to the enzymatic
glycerol-phosphate-oxidase method (41). Phospholipids
were measured according to the enzymatic method of
Boehringer Mannheim (39). Apo A1 and B were deter-
mined by kinetic immunoturbidimetry (33) following the
indications and control of the Behring Institute.
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Lipids internal quality control was carried out accord-
ing to the laboratory manual of the Lipid Research Cli-
nics Program. Apo A1 and B were standardized against
the IUIS-NHLBI-CDS 1883 control assayed in the Inter-
national Collaborative Study Centers for Disease Control
for Apolipoproteins Standardization. Variation coeffi-
cients for cholesterol, triglycerides, phospholipids, Apo
A1, and Apo B were 3.5, 3.7, 3.2, 5.0, and 4.5 %, respec-
tively.

Although it was not possible to determine the fatty
acid profile of serum phospholipids of all the volunteers,
serum lipids were extracted from some of the samples ac-
cording to the methods of Folch et al. (18): phospholipids
from the lipid extract were isolated by thin layer chroma-
tography and saponified with 0.5N sodium hydroxide in
methanol, and then methylated following the IUPAC
method (24). The fatty acid mathyl esters were analyzed
by gas chromatography as indicated above.

Statistic analyses

Data were statistically studied using the paired Student-t
test. Pearson product-moment correlations between differ-
ent lipoprotein compounds and between intraindividual
dietary variations and intraindividual lipid and lipoprotein
changes were also studied (16).

Results

Dietary data related to the basal and experimental periods
are presented in Table 1. Due to the macronutrient com-
position and fatty acid formulation of capsules and their
low energy content, the daily energy contribution of pro-
tein, carbohydrates, fat, saturated fatty acids (SFA),
MUFA, and n-6 PUFA of the diet was not modified dur-
ing the fish oil supplementation period. Only n-3 PUFA
and the n-3 PUFA/n-6 PUFA ratio changed in a relevant
and significant manner, because the fish oil supplement
contributed more n-3 fatty acids than the food itself did.
No significant or relevant other dietary changes occured
during the experimental period in relation to the basal

period. The major fatty acid composition of the fish oil
supplement is given in Table 2.

Table 3 shows that the low supplement-dosage of n-3
fatty acids used during a period of 10 d induced a non-
significant decrease in serum total cholesterol and
LDL-C, while the drop (7.81 %) in HDL-cholesterol
(HDL-C) was at the borderline for statistical significance.

Fig. 1 Experimental design

Table 1 Daily intake of energy and some nutrients during the ba-
sal and fish oil supplement periods

Basal period Supplement period*

Energy, MJ 8.2 ± 2.6 7.9 ± 3.1
Protein, g 89.3 ± 29.0 90.6 ± 52.7
Carbohydrates, g 192.6± 68.0 188.2 ± 100.6
Fat, g 96.1 ± 30.6 90.5 ± 32.5
Alcohol, g 1.2 ± 2.6 2.1 ± 4.1
Fiber, g 13.0 ± 4.4 12.5 ± 5.1
SFA, g 32.3 ± 15.0 31.2 ± 10.5
MUFA, g 39.4 ± 11.6 37.8 ± 12.6
Total PUFA, g 13.2 ± 1.9 12.5 ± 4.1
N-6 PUFA, g 12.6 ± 2.1 11.0 ± 4.3
N-3 PUFA, g 0.6 ± 0.3 1.5 ± 0.2a

N-3 PUFA/n-6 PUFA 0.05 ± 0.03 0.15 ± 0.07b

Cholesterol, mg 389.8± 70.8 363.1 ± 89.4
Vitamin E, mg 8.0 ± 3.4 7.8 ± 2.3

Energy contribution
Protein, % 18.3 ± 3.1 19.1 ± 4.9
Carbohydrates, % 37.0± 6.2 37.2 ± 6.2
Fat, % 44.3 ± 3.6 42.9 ± 9.6
SFA, % 14.9 ± 2.7 14.8 ± 2.9
MUFA, % 18.2 ± 1.2 17.9 ± 4.2
Total PUFA, % 6.1 ± 2.4 6.6 ± 1.4
N-6 PUFA, % 5.8 ± 2.3 5.2 ± 1.2
N-3 PUFA, % 0.3 ± 0.2 0.7 ± 0.4b

CSFI 26.7 ± 4.6 26.0 ± 4.5
CI 23.0 ± 4.0 22.5 ± 4.2

Mean values± SD of the 10-d period which bear superscriptsa andb

are significantly different (p < 0.001 and p < 0.05 respectively).
(Paired Studentt-test). *Diet plus fish oil supplement. SFA, satur-
ated fatty acids. MUFA, monounsaturated fatty acids. PUFA,
polyunsaturated fatty acids. CSFI, cholesterol-saturated fat
index/1000 kcal of Connor et al. (13). CI, Cholesterol index/1000
kcal of Zilversmit (44)
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Very low density lipoprotein cholesterol (VLDL-C) de-
creased significantly (p < 0.05). Serum, LDL- and HDL-
triglycerides were not significantly affected but VLDL-
triglyceride values decreased significantly (p < 0.05). A
significant reduction in serum phospholipid (p < 0.001),
VLDL-phospholipid (p < 0.05), LDL-phospholipid (p <
0.001), and HDL-phospholipid (p < 0.05) values
was shown. Total protein in VLDL (p < 0.05), LDL

(p < 0.001), and HDL (p < 0.01) decreased after the n-3
supplementation. HDL-Apo A1 fell by 13.28 % (p < 0.01).

Table 2 Major fatty acid composition of n-3 supplement

Myristic acid 6.97 ± 0.11
Palmitic acid 16.17 ± 0.14
Palmitoleic acid 8.66 ± 0.07
Oleic acid 13.06 ± 0.08
Linolenic acid 8.78 ± 0.06
Eicosapentaenoic acid 14.53± 0.16
Docosahexaenoic acid 8.90± 0.07
Total saturated 29.62± 0.25
Total monounsaturated 25.60± 0.10
Total polyunsaturated 39.21± 0.20
Total n-3 polyunsaturated 32.06± 0.20
Polyunsaturated/saturated ratio 1.32± 0.02

Results (% of total fatty acids) are mean± SD of three determina-
tions

Fig. 2 LDL cholesterol/apoprotein B ratio changes produced by
the fish oil supplementation in the 9 subjects. Up-arrows indicate
increase, whereas down-arrow means decrease in the ratio LDL
cholesterol/Apoprotein B

Table 3 Effects of n-3 supplementation on serum lipids, lipoproteins, and apolipoproteins (Apo) in young adult women

Basal After Change P
supplementation (%)

Serum
Cholesterol, mmol/l 5.14 ± 0.78 4.80 ± 0.90 -6.57 NS
Phospholipids, mmol/l 3.50 ± 0.36 2.81 ± 0.33 -19.71 <0.001
Triglycerides, mmol/l 0.75 ± 0.78 0.68 ± 0.25 -9.01 NS

VLDL
Cholesterol, mmol/l 0.34 ± 0.10 0.28 ± 0.14 -18.56 <0.05
Phospholipids, mmol/l 0.15 ± 0.05 0.11 ± 0.04 -23.05 <0.05
Triglycerides, mmol/l 0.43 ± 0.18 0.39 ± 0.18 -10.91 <0.05
Apo B, mg/dl 2.45 ± 0.78 1.57 ± 0.83 -32.69 <0.05
Total protein, mg/dl 6.24 ± 2.31 4.20 ± 1.56 -35.92 <0.05

LDL
Cholesterol, mmol/l 3.03 ± 0.70 2.87 ± 0.83 -5.30 NS
Phospholipids, mmol/l 1.22 ± 0.27 0.67 ± 0.33 -45.40 <0.001
Triglycerides, mmol/l 0.25 ± 0.11 0.21 ± 0.09 -12.67 NS
Apo B, mg/dl 101.75 ± 22.67 78.73 ± 21.84 -22.62 <0.001
Total protein, mg/dl 103.84 ± 24.94 81.00 ± 23.76 -22.00 <0.001
LDL-cholesterol/LDL-ApoBa 1.14 ± 0.15 1.39 ± 0.20 +21.23 <0.01

HDL
Cholesterol, mmol/l 1.80 ± 0.31 1.66 ± 0.32 -7.81 BL (0.08)
Phospholipids, mmol/l 1.89 ± 0.28 1.63 ± 0.21 -14.13 <0.01
Triglycerides, mmol/l 0.07 ± 0.03 0.09 ± 0.03 +24.23 NS
Apo A1, mg/dl 145.3 ± 19.8 126.0 ± 15.2 -13.28 <0.01
Total protein, mg/dl 224.22 ± 33.34 200.69 ± 34.26 -10.49 <0.01

Results are means± SD of nine women. NS: Not significant. BL: At the borderline for statistical significance. To transform cholesterol,
phospholipids, and triglycerides in mg/dl multiply by 38.7, 75, and 89, respectively.a Calculated from data in mg/dl
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Apo B decreased significantly in VLDL as well as LDL
(p < 0.05, and p < 0.001, respectively). The LDL-
C/LDL-Apo B ratio increased significantly by 21.23 %
(p < 0.01).

The VLDL mass (lipids + proteins), LDL mass, and
HDL mass decreased significantly (all, p < 0.05). Per-
centage contributions of lipids and protein to the total
lipoprotein mass were unaffected in VLDL and HDL, but
cholesterol increased and phospholipids decreased in the
average LDL particle (Table 4).

A detailed study of the data shows that the
LDL-C/LDL-Apo B ratio rose considerably (> 25 %) in
5 of the 9 women studied, while 8 of the 9 presented an
increased LDL-C/Apo B ratio (> 10 %) (Fig. 2).

Table 5 sets forth the serum phospholipid fatty acid
profile. A tendency of the EPA and DHA percentages to
increase was found.

Discussion

This study shows that the use for 10 d of a 3 ml fish oil
supplement in healthy young adult women induced minor
changes in serum lipoprotein cholesterol and triglyceride
concentrations. In contrast, the lipoprotein phospholipid
and protein concentrations were markedly affected, above
all in LDL and HDL.

According to the fat intake data from both dietary peri-
ods studied, the women presented a Mediterranean dietary
profile with a high percentage of MUFA. The PUFA/SFA
ratio was quite low (< 0.4). Cholesterol consumption was
above the recommended 300 mg/day. Data from different
Spanish populations (18, 30) agree with the findings of
the present study.

Results of n-3 supplement on serum lipoproptein cho-
lesterol are similar than those described by several
authors (2, 15, 20, 22, 25) who have indicated that the in-
take of moderate amounts of n-3 fatty acids have minor
influence on LDL-C and HDL-C concentrations. Present
results on VLDL triglycerides agree with several author
results (22, 25, 31) and although small were significant.
Current results must be a consequence of both the previ-
ous low fasting triglyceride concentration in the young
female subject studied, and the low-dosage n-3 PUFA
supplement used. Lower fasting and postprandial concen-
trations of triglyceride together with the higher concentra-
tion of HDL-C are notable features of the female lipid
profile (42). Doses of < 5 g fish oil/day (1 g EPA) have
been shown to have negligible effects on triglycerides and
plasma lipoproteins (2, 15, 37).

Table 4 Percentage contribution of lipids and protein to the lipoprotein mass

Basal After supplement P

VLDL
Total mass, mg/dl 69.9 ± 15.5 55.7 ± 10.1 <0.05
Cholesterol 19.71 ± 3.27 18.47 ± 5.42 NS
Phospholipids 16.15 ± 2.91 15.10 ± 2.52 NS
Triglycerides 56.11 ± 5.96 59.56 ± 3.03 NS
Protein 8.03 ± 3.77 6.87 ± 2.42 NS

LDL
Total mass, mg/dl 334.4 ± 80.1 259.0 ± 63.1 <0.05
Cholesterol 35.05 ± 3.99 43.27 ± 2.75 <0.001
Phospholipids 27.57 ± 3.71 18.43 ± 3.80 <0.01
Triglycerides 6.38 ± 2.39 6.91 ± 2.06 NS
Protein 31.01 ± 2.09 31.61 ± 2.52 NS

HDL
Total mass, mg/dl 442.2 ± 30.3 395.7 ± 28.5 <0.05
Cholesterol 13.75 ± 1.28 16.22 ± 1.36 NS
Phospholipids 32.14 ± 1.16 31.05 ± 2.42 NS
Triglycerides 1.41 ± 0.59 1.98 ± 0.73 NS
Protein 50.70 ± 2.09 50.75 ± 3.28 NS

Data are means± SD; NS: Not significant

Table 5 Effect of n-3 fatty acid supplementation on selected fatty
acids in serum phospholipids (% total fatty acids)

Basal period After supplementation

Oleic acid 18.3 17.2
Linoleic acid 13.2 11.4
Arachidonic acid 9.1 8.4
Eicosapentaenoic acid 0.5 1.4
Docosahexaenoic acid 2.1 5.0

Data are the mean of three samples
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Different studies have shown that EPA and DHA do
not necessarily affect lipoprotein metabolism in a similar
way (2, 12). Childs et al. (12) compared oils with differ-
ent EPA to DHA ratios and indicate that only DHA-rich
oils can decrease LDL-C and are better at maintaining
HDL concentrations than EPA-rich oils. Moreover, it has
been shown that while the correlation of the EPA concen-
tration with HDL-C is positive, that of the DHA concen-
tration with HDL-C is negative, and only EPA is in-
versely correlated with the decrease in triglycerides (6).
As we have commented, the two major fatty acids in the
fish oil supplement used in the current study were EPA
and DHA. The balance between EPA and DHA might be
related to the lack of changes observed in serum and lipo-
protein cholesterol and triglyceride concentrations in the
current study.

Our results regarding the influence of fish oil supple-
mentation on the fatty acid profile of serum phospholipids
agree with the information previously documented in man
(1, 2, 32), where EPA and DHA percentages tended to in-
crease with respect to the basal levels, while that of other
fatty acids, such as arachidonic acid, decreased. Never-
theless, samples of serum phospholipids analyzed showed
a relatively high percentage of DHA, suggesting some in-
fluence on the n-3 fatty acids consumed by the high and
low energy contribution of oleic and linoleic acids, re-
spectively. Oleic, linoleic, and linolenic acids have been
shown to influence the metabolic effect of n-3 fatty acids
(38).

On the other hand, references about the changes in-
duced by n-3 PUFA in the absolute amount of serum
phospholipids in humans are very scarce. All of the
women in the current study displayed a drop in serum
phospholipids, and this reduction was relevant (> 10 %)
in 7 of them.

Present results shows a market effect of the n-3 sup-
plement on lipoprotein-Apo A1 and Apo B levels. Her-
ring and lamprey oils suppress the expression of messen-
ger ribonucleic acid (mRNA) for Apo A1 and Apo B
whereas safflower oil enhances the expression of Apo B,
suggesting that n-3 PUFA may inhibit hepatic and intesti-
nal synthesis of Apo A-I and Apo B (26). Apo A1 levels
were reported to decrease in healthy volunteers but did
not change in type IIb and V patients given doses of fish
oil (32).

In the present study, a significant decrease of the
VLDL lipid and protein contents was observed. Due to
the fact that the contribution (percentage) of protein and
the different lipids on the average VLDL particle was un-
affected, it can be assumed that the fish oil supplement
induced a decrease in the number of circulating VLDL
particles. This reduction is known to be related to the ef-
fect of n-3 fatty acids because fish oil + EPA diminishes
the production of Apo B in humans and rats (14, 34) and
may reduce the daily flow of VLDL-Apo B (14).

LDL particle composition studies and epidemiological
observations have shown that small, dense LDL is charac-
terized by a high protein content and a low number of
cholesterol esters (27). Apo B-rich LDL particles have
been associated with coronary artery disease, even in sub-
jects with normal lipid levels (4, 10).

As each LDL particle contains only one Apo B mole-
cule, it can be calculated that women will present 22 %
fewer average LDL particles after taking the n-3 PUFA
supplement than before the treatment. The number of
cholesterol molecules per Apo B particle in the average
LDL of these women can be determined considering a
MW of 550 kd for Apo B. The women in our study pre-
sented about 2 290 cholesterol molecules per Apo B par-
ticle after the n-3 treatment, while the same women pre-
sented about 1 870 before treatment. These average LDL
particles contain more cholesterol and fewer phospholip-
ids; thus, it can be confirmed that the n-3 supplement
used induces the presence of large LDL particles. In fact,
extrapolating the LDL-C/LDL-Apo B ratio to the ratios
found by Campos et al. (11), the average LDL particles
during the basal period would be LDL4–5, whereas after
n-3 fatty acid supplementation the average LDL particles
would be LDL2–3. Small dense LDL particles are more
susceptible to oxidative damage than larger LDL; thus,
the theoretical increase in LDL size after n-3 fatty-acid
supplementation might be expected to reduce atherogenic
risk (19).

In contrast to our results, it has been also found that
the amount of total lipids per mg of LDL protein was sig-
nificantly lower in LDL in the subjects given fish oil
(19). These authors did not find any significant change in
the ratio between surface-to-core components of the LDL
particles; however, the percentage of phospholipids in the
LDL particle composition tended to decrease (19). Differ-
ences observed with respect to our study data must be at-
tributed to differences in experimental conditions (length,
dosage, and subjects) of both studies.

It is not easy to understand the relevance and the meta-
bolic events involved in the LDL phospholipid decrease,
but this reduction might be a consequence of the low
VLDL phospholipid levels after the treatment, as well as
of the possible increase in the transfer of surface material
from VLDL to HDL to guarantee adequate levels of HDL
in the women during the n-3 fatty acid supplementation
period.

Metabolic studies of Apo in HDL in human volunteers
have revealed that variations in HDL levels are partially
due to differences in fractional catabolic rates. Large
HDL particles with increased HDL-cholesterol/HDL-Apo
A1 plus Apo AII ratios exhibit decreased fractional cata-
bolic rates (8, 9). These results suggest that HDL compo-
sition might be important in controlling HDL levels and
in turn, in processes that influence the development of
atherosclerosis. The fish oil treatment did not alter the
percent contribution of lipids and protein in the average
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HDL particle. From current data it can also be calculated
that the cholesterol/Apo A1 molar ratio did not change,
and owing to the significant decrease in the HDL total
mass observed, it can be deduced that the number of aver-
age HDL particles decreased.

The small and non-significant changes in the intake of
oleic, linoleic, and linolenic acids between both periods
of the current study were not found to correlate signifi-
cantly with variations in lipids, lipoproteins or Apo. How-
ever, the greater the intraindividual differences in SFA in-
take between the basal and the supplementation period,
the greater the decrease in LDL-Apo B (r: 0.6804; p <
0.001) and the lower the reduction observed in HDL-Apo
A1 (r: -0.5024; p < 0.05).

In short, a low daily dosage of n-3 fatty acids for 10 d
markedly decreased the serum and lipoprotein phos-

pholipid levels, the HDL-Apo A1, the Apo B concentra-
tion in VLDL and LDL, and the LDL-cholesterol/LDL-
Apo B ratio in young adult women but was unable to
decrease in a significant manner the cholesterol and tri-
glyceride concentrations in LDL and HDL. A decrease in
the total number of VLDL, LDL, and HDL particles can
be suggested.
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