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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 lipoproteins significantly decreased

the effect of a short-term (p < 0.05), suggesting a lower
application of marine n-3 number of these particles in
polyunsaturated fatty acids on the circulating blood after the n-3
composition of serum very low treatment. The LDL-cholesterol/
density lipoproteins (VLDL), low  |DL-apolipoprotein B ratio
density lipoproteins (LDL), and increased (p < 0.01) reflecting a

high density lipoproteins (HDL),  probable increase in LDL size.
nine women aged 2% 4.2 years,  Following fish oil supplementation,

following a diet with a LDL particles contained a
SFA/MUFA/PUFA profile of _ significantly lower amount of
2.4/3/1, received supplements of SiXphospholipids, which also suggests
capsules daily, each capsule changes in the surface/core ratio of
containing 0.137 g of n-3 fatty he average LDL. Changes in serum

acids (14.5 % eicosapentaenoic aci
(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,

ipoprotein 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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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 leas p < 0.01). HDL and VLDL

compositions were not affected but Key words Diet — lipoprotein
the total mass (lipid + protein in composition — n-3 fatty acids —
mg/dl) concentration of these phospholipids — women
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Introduction dinner) of a fish oil supplement for 10 days. Each capsule
(Pulse®, Grifols, S.A. Parets del Vallés, Barcelona,

It is well known that fish oils rich in n-3 polyunsaturatedSpain) contained 500 mg of fat, 0.34 mg of vitamin E, 4.2
fatty acids (PUFA) are able to lower serum triglyceridég of cholesterol, 60 mg of carbohydrates, 115 mg of
levels in humans (14, 21, 22, 25, 31, 34), but their effegfoteins, and an energy content of 5.2 kcal (21.8 kJ).
on size and composition of low and high density lipoprd=ach volunteer consumed a daily dosage of 870 mg of
teins (LDL and HDL, respectively) has been less rdotal n-3 fatty acids (390 mg EPA and 252 mg DHA).
ported. Several factors are involved in the variability of Women were blood sampled after fasting for 12-15 h
the human response to dietary fish oil supplementatior¥ice at the start of the experiment and then 28 days later.
the type of patients being studied (normo or hyperlipFish oil supplement started on day 17 of the study and
daemics) and their dietary habits, the n-3 PUFA dosadg¥)ded 2 days before the second venipuncture was per-
the n-3 PUFA/n-6 PUFA ratio, and the study duratiofprmed (Fig. 1). This experimental design eliminated bias
(21-23, 31). Moreover, trials using fish oil supplementdue to lipid variation during the hormonal cycle. This
have shown a hypotriglyceridaemic effect, especially ifade it possible to quantify the n-3 fatty acid influence
hypertriglyceridaemic patients, and a reduction in lo@n serum lipids, lipoproteins and Apo in women, avoid-
density lipoprotein cholesterol (LDL-C) levels when satung the confusing effects of the menstrual cycle. The ex-
rated fat intake is partially replaced by fish oil (20)perimental design also eliminated nutritional change in-
Nevertheless, the information on the influence of n-luences because the women ate their normal diets
fatty acids on apolipoprotein (Apo) concentrations anidiroughout the experiment. Any possible significant die-
lipoprotein composition, above all in normo or evefary change which occured was evaluated by performing a
hypolipidaemic healthy subjects is limited (2, 42). On thgurvey of two 10-day periods, the first of which corre-
other hand, oleic and linolenic acids have been showngonded to the period before the basal blood extraction
increase, whereas linoleic acid is known to decrease, tf@sal period) and the other to the fish oil supplementa-
uptake of eicosapentaenoic acid (EPA) by the cell (38)jon period. The diet was recorded and studied throughout
Thus, the metabolic effect of n-3 fatty acids may beut the two 10-day periods. These 10-day periods provide
modulated by the presence of other dietary fatty acid@cceptable estimates of macronutrients, e.g., fat and en-
such as oleic acid (36). ergy (5) and of cholesterol (7). Energy and nutrient in-

Two week-study is considered a bare minimum fd@kes per person and day were calculated using a com-
achieving dietary perturbation on plasma lipids (GrandButer program compiled from tables for the raw food
personal communication). However, recent data of our reeights (29). The possible change in the atherogenic po-
search group on women supplemented with n-3 fattgntial of the diets was calculated according to the Zilver-
acids show that changes on plasma Apo are present aftglit (44) and Connor et al. (13) equations.
only 10 days of dietary treatment.

Therefore, we investigated the influence of a shorkatty acids and lipoprotein analyses
term application of a fish-oil preparation on the serum
lipoprotein composition of young adult women consunBeveral capsules were randomly selected and opened and
ing a high level of fat and monounsaturated fatty acidse oil they contained was homogeneously mixed and sa-
(MUFA), and a relatively low level of n-6 PUFA. 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 ol h atroom temperature
Subjects and experimental design and the serum was then separated by centrifugation at

1 200g and 20°C for 20 min. Lipoproteins (VLDL, LDL,

The study was carried out in 9 women, aged £291.2 and HDL) were isolated by 21 h density gradient ultra-
years, 58.5+ 10.6 kg, with a body mass index of 2310 centrifugation at 40 000 rpm (272 0@f) and 8°C (40).
2.6 kg/m?. None of them were taking oral contraceptive€holesterol in sera and lipoproteins was measured using
or other drugs affecting lipoprotein metabolism. All othe enzymatic cholesterol esterase-cholesterol oxidase
them performed a similar physical activity (aerobic trainmethod (3) proposed by Boehringer Mannheim, Germany.
ing, 1 to 3 h/week), were matched by sociocultural levdlriglycerides were tested according to the enzymatic
(university graduate students), and had similar eating hajlycerol-phosphate-oxidase method (41). Phospholipids
its. The study was performed in accordance with the Helrere measured according to the enzymatic method of
sinki Declaration of 1964 (as amended in 1983 and 198®oehringer Mannheim (39). Apo Al and B were deter-
All the women voluntarily consented to take 6 capsulasined by kinetic immunoturbidimetry (33) following the
per day (2 at breakfast, 2 at lunch, and the remaining 2iatlications and control of the Behring Institute.

Materials and methods
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Lipids internal quality control was carried out accordperiod. The major fatty acid composition of the fish oil
ing to the laboratory manual of the Lipid Research Clisupplement is given in Table 2.
nics Program. Apo Al and B were standardized against Table 3 shows that the low supplement-dosage of n-3
the IUIS-NHLBI-CDS 1883 control assayed in the Interfatty acids used during a period of 10 d induced a non-
national Collaborative Study Centers for Disease Contrsignificant decrease in serum total cholesterol and
for Apolipoproteins Standardization. Variation coeffiLDL-C, while the drop (7.81 %) in HDL-cholesterol
cients for cholesterol, triglycerides, phospholipids, ApHDL-C) was at the borderline for statistical significance.
Al, 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 fatt¥ o ) )

able 1 Daily intake of energy and some nutrients during the ba-

acid profile of serum phospholipids of all the volunteerss, L /
L. al and fish oil supplement periods

serum lipids were extracted from some of the samples ac-

cording to the methods of Folch et al. (18): phospholipids Basal period  Supplement period*

from the lipid extract were isolated by thin layer chroma=

tography and saponified with 0.5N sodium hydroxide ifnergy, MJ 82+ 2.6 79+ 3.1

methanol, and then methylated following the IUPA(E“’rLec')?]' S ates fg'zsé ég'g 12%21’ 1(5)%'2

method (24). The fatty acid mathyl esters were anaIyzg&L g Y 9 96.1 + 306 905+ 325

by gas chromatography as indicated above. Alcohol, g 1.2 + 2.6 21+ 4.1

Fiber, g 13.0+ 4.4 125+ 51

Statistic ana|yses SFA, g 32.3+ 15.0 31.2+ 10.5

MUFA, g 39.4 + 11.6 378+ 126

Data were statistically studied using the paired Studen (_)éalpﬁl,ii%g géi %:51) ﬁgi ié

test. Pearson product-moment correlations between diffges pura, g 0.6+ 0.3 15+ 0.2

ent lipoprotein compounds and between intraindividual-3 PUFA/n-6 PUFA 0.05+ 0.03 0.15+ 0.07

dietary variations and intraindividual lipid and lipoproteirfholesterol, mg 389.8+ 70.8 363.1+ 89.4

changes were also studied (16). Vitamin E, mg 80+ 3.4 78x 23
Energy contribution

Protein, % 183+ 3.1 19.1+ 49

Carbohydrates, % 37.a+ 6.2 372+ 6.2

Results Fat, % 443+ 36 429+ 96

SFA, % 149 + 27 148+ 29

Dietary data related to the basal and experimental periodsiUFA, % 182 + 1.2 179+ 4.2

are presented in Table 1. Due to the macronutrient comTotal PUFA, % 6.1+ 24 6.6+ 1.4

position and fatty acid formulation of capsules and their N-6 PUFA, % 58+ 23 52+ 12

low energy content, the daily energy contribution of pro-sNF'Ig‘ PUFA, % Zg? f g'g Zg'gf g'gb

tein, carbohydrates, fat, saturated fatty acids (SFAg, 23.0 + 4.0 225+ 42

MUFA, and n-6 PUFA of the diet was not modified dur
ing the fish oil supplementation period. Only n-3 PUFAean values SD of the 10-d period which bear superscripasde
and the n-3 PUFA/n-6 PUFA ratio changed in a relevante significantly different (p < 0.001 anp < 0.05 respectively).
and significant manner, because the fish oil suppleme‘ﬁta”ed Student-test). *Diet plus fish oil supplement. SFA, satur-

contributed more n-3 fatty acids than the food itself digid fatty acids. MUFA, monounsaturated fatty acids. PUFA,

L . lyunsaturated fatty acids. CSFI, cholesterol-saturated fat
No significant or relevant other dietary changes occureghex/1000 kcal of Connor et al. (13). CI, Cholesterol index/1000

during the experimental period in relation to the basatal of Zilversmit (44)
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Table 2 Major fatty acid composition of n-3 supplement 1.8 +

Myristic acid 6.97 + 0.11 1.7

Palmitic acid 16.17 + 0.14 1.6 +

Palmitoleic acid 8.66 £+ 0.07 A

Oleic acid 13.06 + 0.08 1.5 + T

Linolenic acid 8.78 + 0.06 1.4 + T
Eicosapentaenoic acid 14.5% 0.16 .

Docosahexaenoic acid 8.9Gt 0.07 1.3 +

Total saturated 29.62+ 0.25 v

Total monounsaturated 25.6G 0.10 1.2 +

Total polyunsaturated 39.21+ 0.20 11 +

Total n-3 polyunsaturated 32.06 0.20 .

Polyunsaturated/saturated ratio 1.32 0.02 1+

Results (% of total fatty acids) are meanSD of three determina- 0.9 +

tions 0.8 % f I } f I i % {

A B C D E F G H 1

Very low density lipoprotein cholesterol (VLDL-C) de-giq 2 | pL cholesterol/apoprotein B ratio changes produced by

creased significantly (p < 0.05). Serum, LDL- and HDLthe fish oil supplementation in the 9 subjects. Up-arrows indicate
triglycerides were not significantly affected but VLDL-increase, whereas down-arrow means decrease in the ratio LDL
triglyceride values decreased significantly (p < 0.05). Aholesterol/Apoprotein B

significant reduction in serum phospholipid (p < 0.001),

VLDL-phospholipid (p < 0.05), LDL-phospholipid (p <

0.001), and HDL-phospholipid (p < 0.05) valuegp < 0.001), and HDL (p < 0.01) decreased after the n-3
was shown. Total protein in VLDL (p < 0.05), LDL supplementation. HDL-Apo Al fell by 13.28 % (p < 0.01).

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+ 0.78 480 + 0.90 -6.57 NS
Phospholipids, mmol/l 3.50+ 0.36 281 + 0.33 -19.71 <0.001
Triglycerides, mmol/I 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 245 = 0.78 157 + 0.83 -32.69 <0.05
Total protein, mg/dl 6.24 + 231 420 £ 1.56 -35.92 <0.05
LDL
Cholesterol, mmol/l 3.03+ 0.70 287 £+ 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-ApoB 1.14 + 0.15 1.39 + 0.20 +21.23 <0.01
HDL
Cholesterol, mmol/l 180+ 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 Al, mg/dl 145.3 £+ 19.8 126.0 + 15.2 -13.28 <0.01
Total protein, mg/dl 22422 + 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, respecti¥éalculated from data in mg/dl
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Table 4 Percentage contribution of lipids and protein to the lipoprotein mass

Basal After supplement P
VLDL
Total mass, mg/dl 69.9+ 155 55.7 + 10.1 <0.05
Cholesterol 19.71 + 3.27 18.47 + 5.42 NS
Phospholipids 16.15+ 291 1510 = 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 + 275 <0.001
Phospholipids 2757 + 3.71 18.43 + 3.80 <0.01
Triglycerides 6.38 + 2.39 6.91 + 2.06 NS
Protein 31.01 £ 2.09 3161 + 252 NS
HDL
Total mass, mg/dl 4422+ 30.3 395.7 + 28.5 <0.05
Cholesterol 13.75 + 1.28 16.22 + 1.36 NS
Phospholipids 3214+ 1.16 31.05 + 2.42 NS
Triglycerides 141 + 0.59 198 + 0.73 NS
Protein 50.70 £ 2.09 50.75 + 3.28 NS

Data are meang SD; NS: Not significant

Apo B decreased significantly in VLDL as well as LDL__ .

(p < 0.05, ad p < 0.001, respectively). The LDL- Discussion

C/LDL-Apo B ratio increased significantly by 21.23 %ryjs study shows that the use for 10 83 ml fish oil

(p < 0.01). . ) supplement in healthy young adult women induced minor
The VLDL mass (lipids + proteins), LDL mass, anqpanges in serum lipoprotein cholesterol and triglyceride

HDL mass decreased significantly (alp < 0.05). Per- concentrations. In contrast, the lipoprotein phospholipid

centage contributions of lipids and protein to the totalj protein concentrations were markedly affected, above
lipoprotein mass were unaffected in VLDL and HDL, but; in LDL and HDL.

cholesterol increased and phospholipids decreased in theAccording to the fat intake data from both dietary peri-

average LDL particle (Table 4). ods studied, the women presented a Mediterranean dietary
A detailed study of the data shows that thg,qfile with a high percentage of MUFA. The PUFA/SFA

LDL-C/LDL-Apo B ratio rose qonaderably (> 25 %) inati6 was quite low (< 0.4). Cholesterol consumption was

5 of the 9 women studied, while 8 of the 9 presented gf),ye the recommended 300 mg/day. Data from different

increased LDL-C/Apo B ratio (> 10 %) (Fig. 2). Spanish populations (18, 30) agree with the findings of
Table 5 sets forth the serum phospholipid fatty aciﬂi]pe preseF;]tpstudy. (18, 30) ag g

profile. A tendency of the EPA and DHA percentages t0 pasylts of n-3 supplement on serum lipoproptein cho-

increase was found. 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
Table 5 Effect of n-3 fatty acid supplementation on selected fatt{/esuItS on VLDL triglycerides agree with severgl "?“,Jthor
acids in serum phospholipids (% total fatty acids) results (22, 25, 31) and although small were significant.
Current results must be a consequence of both the previ-
Basal period  After supplementation ous low fasting triglyceride concentration in the young
female subject studied, and the low-dosage n-3 PUFA

Oleic acid 18.3 17.2 supplement used. Lower fasting and postprandial concen-
Linoleic acid 13.2 11.4 . . . . .

Arachidonic acid 91 84 trations of triglyceride together with the higher concentra-
Eicosapentaenoic acid 05 1.4 tion of HDL-C are notable features of the female lipid
Docosahexaenoic acid 2.1 5.0 profile (42). Doses b< 5 g fish oil/day (1 g EPA) have

been shown to have negligible effects on triglycerides and
Data are the mean of three samples plasma lipoproteins (2, 15, 37).
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Different studies have shown that EPA and DHA do LDL particle composition studies and epidemiological
not necessarily affect lipoprotein metabolism in a similasbservations have shown that small, dense LDL is charac-
way (2, 12). Childs et al. (12) compared oils with differterized by a high protein content and a low number of
ent EPA to DHA ratios and indicate that only DHA-richcholesterol esters (27). Apo B-rich LDL particles have
oils can decrease LDL-C and are better at maintainifiggen associated with coronary artery disease, even in sub-
HDL concentrations than EPA-rich oils. Moreover, it hagects with normal lipid levels (4, 10).
been shown that while the correlation of the EPA concen- As each LDL particle contains only one Apo B mole-
tration with HDL-C is positive, that of the DHA concen-cule, it can be calculated that women will present 22 %
tration with HDL-C is negative, and only EPA is in-fewer average LDL particles after taking the n-3 PUFA
versely correlated with the decrease in triglycerides (63Upplement than before the treatment. The number of
As we have commented, the two major fatty acids in tHéholesterol molecules per Apo B particle in the average
fish oil supplement used in the current study were EPWDL of these women can be determined considering a
and DHA. The balance between EPA and DHA might bW of 550 kd for Apo B. The women in our study pre-
related to the lack of changes observed in serum and lighted about 2 290 cholesterol molecules per Apo B par-

protein cholesterol and triglyceride concentrations in tHicle after the n-3 treatment, while the same women pre-
current study. sented about 1 870 before treatment. These average LDL

Our results regarding the influence of fish oil Supp|e_particles contain more cholesterol and fewer phospholip-

mentation on the fatty acid profile of serum phospholipiddS: thus, it can be confirmed that the n-3 supplement
agree with the information previously documented in mafsed induces the presence of large LDL particles. In fact,
(1, 2, 32), where EPA and DHA percentages tended to i xtrapolating the LDL-C/LDL-Apo B ratio to the ratios

crease with respect to the basal levels, while that of oth und by Campos et al. (11), the average LDL particles

fatty acids, such as arachidonic acid, decreased. Nev pring the basal period would be LR, whereas after

theless, samples of serum phospholipids analyzed shov@éa fatty acid supplementation the average LDL particles

a relatively high percentage of DHA, suggesting some iWOUld be LDL,-s Small dense LDL particles are more

. ; sysceptible to oxidative damage than larger LDL; thus,
fluence on the n-3 fa_tty acids gonsumgd by. the .h'gh a@#e theoretical increase in LDL size after n-3 fatty-acid
low energy contribution of oleic and linoleic acids, re-

. S . ) . ) I i igh h i
spectively. Oleic, linoleic, and linolenic acids have beeSl;Ep(leg;entatlon might be expected to reduce atherogenic

shown to influence the metabolic effect of n-3 fatty acids In contrast to our results, it has been also found that

(38). the amount of total lipids per mg of LDL protein was sig-
On the other hand,_ references about the changes Hificantly lower in LDL in the subjects given fish oil
duced by n-3 PUFA in the absolute amount of Serufj gy These authors did not find any significant change in
phospholipids in humans are very scarce. All of thge'ratio petween surface-to-core components of the LDL
women in the current study displayed a drop in seruyicies: however, the percentage of phospholipids in the
phospholipids, and this reduction was relevant (> 10 %b) particle composition tended to decrease (19). Differ-

in 7 of them. ences observed with respect to our study data must be at-

Present results shows a market effect of the n-3 supiyted to differences in experimental conditions (length,
plement on lipoprotein-Apo Al and Apo B levels. Her'dosage, and subjects) of both studies.
ring and lamprey oils suppress the expression of messen-; js not easy to understand the relevance and the meta-
ger ribonucleic acid (MRNA) for Apo Al and Apo Bpgjic events involved in the LDL phospholipid decrease,
whereasf safflower oll enhanceg th_e expression of.Apo ;But this reduction might be a consequence of the low
suggesting that n-3 PUFA may inhibit hepatic and intestj| p. phospholipid levels after the treatment, as well as
nal synthesis of Apo A-I and Apo B (26). Apo Al levelsyf the possible increase in the transfer of surface material
were reported to decrease in healthy volunteers but digm VLDL to HDL to guarantee adequate levels of HDL
n.(?t(ggf);mge in type Ilb and V patients given doses of fisf the women during the n-3 fatty acid supplementation
ol . o period.

In the present study, a significant decrease of the \etabolic studies of Apo in HDL in human volunteers
VLDL lipid and protein contents was observed. Due tfave revealed that variations in HDL levels are partially
the fact that the contribution (percentage) of protein anflie to differences in fractional catabolic rates. Large
the different lipids on the average VLDL particle was UnHDL particles with increased HDL-cholesterol/HDL-Apo
affected, it can be assumed that the fish oil supplemeat plus Apo All ratios exhibit decreased fractional cata-
induced a decrease in the number of circulating VLDbolic rates (8, 9). These results suggest that HDL compo-
particles. This reduction is known to be related to the egition might be important in controlling HDL levels and
fect of n-3 fatty acids because fish oil + EPA diminishef turn, in processes that influence the development of
the production of Apo B in humans and rats (14, 34) aratherosclerosis. The fish oil treatment did not alter the
may reduce the daily flow of VLDL-Apo B (14). percent contribution of lipids and protein in the average
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HDL particle. From current data it can also be calculatgzholipid levels, the HDL-Apo Al, the Apo B concentra-

that the cholesterol/Apo A1l molar ratio did not changéion in VLDL and LDL, and the LDL-cholesterol/LDL-

and owing to the significant decrease in the HDL totéApo B ratio in young adult women but was unable to

mass observed, it can be deduced that the number of awdgerease in a significant manner the cholesterol and tri-

age HDL particles decreased. glyceride concentrations in LDL and HDL. A decrease in
The small and non-significant changes in the intake tifie total number of VLDL, LDL, and HDL particles can

oleic, linoleic, and linolenic acids between both periodse suggested.

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 Acknowledgments We acknowledge the collaboration and parti-

0.001) and the lower the reduction observed in HDL_Apgpation of some of the graduate students of khericién y Enfer-
. medades Cardiovascularesurse de la Facultad de Farmacia de la
Al (r: -0.5024 p < 0.05).

. . Universidad Complutense de Madrid (Spain). We very much appre-
In short, a low daily dosage of n-3 fatty acids for 10 djate the assistance of Drs. J.M. Viejo, M.C. Garrido-Polonio, and
markedly decreased the serum and lipoprotein phas-Cuesta.
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