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The aim of the present study was to quantify the incorporation of eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) into plasma lipids after oral administratior3dtty acid

ethyl esters, since little is known about the rate and pattern of incorporation into plasma lipid
fractions. In addition, we aimed to obtain preliminary information regarding EPA half-life, which
is needed to establish an optimal dosing schedule. Five healthy volunteers ingeste8 gwo 8
doses oin-3 fatty acid ethyl esters daily for 7 d, supplyin@® EPA/d and 8 g DHA/d. The

fatty acid compositions of plasma phospholipids (PL), cholesteryl esters (CE) and triacylglycer-
ols (TAG) were determined during supplementation and during a washout period of 7 d. Half-
lives of EPA and DHA were calculated. The proportion of EPA in PL showed a 15-fold increase
after 7d P <0M001), while DHA showed a smaller increasB < 001). In CE, EPA also
increasedR < 0[05), while DHA did not increase at all. Remarkably, incorporation of DHA into
TAG was even higher than that of EPA. Half-life of EPA in PL ranged frdé8%0 231 d (mean

197 (se 05) d), whereas mean half-life of EPA in CE wd2B (SE 0B6) d. In three subjects,
washout of EPA and DHA from TAG seemed to follow a bi-exponential pattern, with a short
half-life (<1d) in the initial phase and a half-life of several days in the second phase. In
conclusion, EPA ethyl esters are rapidly incorporated into plasma lipids, especially into PL. The
relatively long half-life of EPA in plasma would permit a dosing schedule with intervatsl@h

in supplementation studies.

Plasma lipids: n-3 Fatty acids: Ethyl esters

Beneficial health effects ai-3 fatty acids in fish oil have  since previous studies have reported that the plasma incor-
been described for several diseage8. Fatty acids, espe- poration of EPA- and DHA-EE is lower than the incorpora-
cially eicosapentaenoic acid (20n-3; EPA) and docosa- tion of EPA- and DHA-TAG after a single dose (el Boustani
hexaenoic acid (22:r63; DHA), are known to reduce et al. 1987; Lawson & Hughes, 1988; Beckermaenal.
plasma triacylglycerol (TAG) concentrations and may be 1990) as well as during prolonged supplementatiom-8f
beneficial in reducing the risk of atherosclerosis and inflam- fatty acids as EE (Hanseet al. 1993). However, other
matory diseases (Simopoulos, 1991; Drevon, 1992). studies did not find any differences in incorporation between
Since fish oil contains a mixture of TAG with various supplements (Reist al. 1990; Nordoyet al. 1991; Krokan
fatty acids, the concentration of3 fatty acids is relatively et al.1993). The diversity of results may be partly explained
low. Higher concentrations of EPA and DHA can be by the fact that some studies measured EPA and DHA only
achieved by using a supplement of unesterified fatty acids.in plasma TAG and not in plasma phospholipids (PL) or
Ingestion of free fatty acids (FFA), however, causes gastro- cholesteryl esters (CE). Before using fatty acid EE in a
intestinal complaints and may be toxic (Beckermatral. clinical setting, it is important to determine the actual level
1990). In contrast to FFA, no side-effects are induced-By of incorporation when using-3 fatty acid EE.
fatty acid ethyl esters (EE), and EE would therefore be In addition, information about the kinetics of EPA and
appropriate for supplementation of diets with3 fatty DHA is needed to devise proper dosing schedules. However,
acids. However, the absorption of EPA and DHA as EE only limited information is available about the rate of
may be lower than that of EPA and DHA as TAG or FFA, incorporation and the half-life of EPA and DHA in blood

Abbreviations: CE, cholesteryl esters; DHA, docosahexaenoic acid; EE, ethyl esters; EPA, eicosapentaenoic acid; MSC, model selection criterion; PL,
phospholipids; TAG, triacylglycerols.
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and the information available is maimy restricted to single Table 1. Con_tents (g/100¢g totql fatty acids) of the relevant fatty acids
dose supplementation. A few studies investigating the rate In the 13 fatty acid ethyl ester supplement

of incorporation of EPA after a single dose of oral EPA-EE  ratty acids

have reported maximal incorporation of EPA into TAG after

4-6h (el Boustangt al. 1987; Lawson & Hughes, 1988; 15179 4
X ; :2n-6 15
Nordoy et al. 1991). In studies with prolonged supplemen- 1g:3,.3 oz
tation ofn-3 fatty acid EE or TAG, EPA was found to reach 5.5, o3
its maximum level within 1 week (Hanseet al. 1993; 20:4n-6 o2
Hodgeet al. 1993). In contrast, the rise in DHA continued 20:4n-3 10
for several weeks (Hansest al. 1993; Hodgeet al. 1993). 20:5n-3 (EPA) 350
Although this difference in incorporation between EPA and gg gz:g (DHA) 313
DHA may be due to a difference in EPA or DHA concen- ' .
Other fatty acids 1901

tration in the supplement, it may also be caused by a
difference in metabolism between EPA and DHA. Some EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.
studies have shown that the decrease in EPA after cessation

of supplementation is much more rapid than that of DHA
(Hodgeet al. 1993), but no information is available about
the half-lives of EPA and DHA in plasma lipids.

The first aim of the present study was to determine the
levels of incorporation of EPA and DHA in different plasma
lipid fractions during supplementation with3 fatty acid
EE. In addition, we attempted to quantify the half-lives of Plasma lipids were extracted using chloroform—methanol
EPA and DHA in the different plasma lipid fractions. (2:1, viv; Merck, Darmstadt, Germany) according to the
method of Folchet al. (1956) in the presence of butylated
hydroxytoluene (1 mg/ml) as antioxidant. Before extraction,

) internal standards were added in order to calculate absolute
Subjects plasma concentrations of PL, CE and TAG (purity 96, 74

Study subjects were five healthy volunteers, four females &1d_95 % respectively). Plasma lipids were separated into
and one male, of normal weight (BMI 20—25 k¢fjrand PL, TAG and CE by TLC (silica plates; Merck, 5721) using

aged between 23 and 30 years. None had a history ofl€xane—diisopropylether—acetic acid (60:40:3, by vol.;
gastrointestinal complaints or metabolic or other serious Merck) as a developer. Fatty acids were converted into

diseases. All subjects consumed a normal Dutch diet, con-their methyl esters using a mixture of acetyl chloride
taining not more than one meal of fish per week. From 1 (Merck) and methanol (Lillingtoret al. 1981). Fatty acid
week before start of the protocol until the end of the study, @nalyses were performed by GLC (Carlo Erba HRGC 5160)

subjects did not ingest any fish or fish products apart from USing & flame ionization detector, a Chrompack CP-sil 88

the supplement. This study was approved by the Medical column (length 50m, diameterZbmm), an uncoated
Ethical Committee of the University Hospital Dijkzigt, —Methyl deactivated retention gap, He as a carrier gas and
Rotterdam. ‘on column’ injection. Concentrations of individual fatty

acids are presented as mol/100 mol total fatty acids and
not as absolute values, because of the statistically
significant decreases in total plasma PL, CE and TAG
concentrations.

centrifuged within 5 min. Plasma was stored-a&f under
N, until analysis within 6 weeks.

Fatty acid composition

Subjects and methods

Experimental protocol

Duration of the study was 14d:7d of3 fatty acid EE
administration and 7d of washout. On day 0, subjects _
attended the outpatient department after an overnight fast. Total plasma triacylglycerols

,tAftger 15 mltn_ rest, E%nTOXS ?LOOd ?tamplesbyvetre taken 'nt% Plasma TAG concentrations were measured on days 0, 2, 7
ubes containing ' ereafter, SUDJECIS CONSUMEd 5,y 11 using a standard enzymic assay from Boehringer

88 g n-3 fatty acid EE as a fluid (Incromega E2573,; ; . ;
Croda Oleochemicals, North Humberside, UK) twice daily Mannheim (no. 917; Mannheim, Germany).

with breakfast and supper respectively, for a period of 7d.

To improve the taste, the 3 fatty acid EE were mixed with Total plasma free fatty acids

two drops of peppermint oil just before consumption. The i

supplement contained 85y EPA and 3Rg DHA/100g Plasma FFA concentrations were measured ondays 0, 2, 7
total fatty acids according to information from the supplier, &nd 11 using an enzymic colorimetric method (NEFA C test
resulting in intakes of 6g EPA and®g DHA/D. The fatty  Kit; Wako Chemicals, Neuss, Germany).

acid composition of the supplement is shown in Table 1.
Subsequently, fasting blood samples were taken during
supplementation in the morning of days 1, 2, 3, 4 and 7.
To determine the rates of washout of EPA and DHA, blood Total plasma PL and CE were determined on all days by
sampling was continued on days 8, 9, 10, 11 and 14. Blood adding up the GLC peak areas of all fatty acids for the
samples were placed on ice immediately after sampling andfraction concerned.

Total plasma phospholipids and cholesteryl esters
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Calculation of half-lives of eicosapentaenoic and Statistical analysis

hexaenoi i . : .
docosahexaenoic acids Based on an estimated mean change in EPA concentration

The Scientist software package (MicroMath Scientific during supplementation of 3 mol/100 mol, and a standard
Software, UT, USA) was used for least squares fitting deviation of 14 mol/100 mol, the power of the study to

of the data during the washout period, using a mono- detect a change of EPA wa$9@ using Student’s pairetd
exponential model and a bi-exponential model (Powell, test. Results are expressed as means with their standard
1970): errors. Changes in plasma lipid concentrations were tested
by Student’s pairedtest. For the figures, data were analysed
by repeated measures analysis of covariance using the
general linear mixed model (Proc Mixed procedure) of the
Statistical Analysis Systems statistical software package

mono-exponential model:
concentratiomr ax exp(b) x time),
half-life =0693/b;

bi-exponential model: _ (SAS Institute Inc., Cary, NC, USA). Compound symmetry
concentratiorr alx exp((-b1)xtime) was assumed and time was the only independent variable in
+a2xexp((-b2)xtime), the model.P values less than@5 were considered to be
half-life 1=0693/b1, significant.
half-life 2=0[693/b2.
The model selection criterion (MSC) was defined by the Results
formula:

n-3 Fatty acid EE were well tolerated by all subjects.
However, when belching occurred, a fishy smell or taste

n
: _ 2 was noted. All subjects completed the study, but in one
; Wi (Yobs — Yobs subject the blood sample of day 4 could not be taken. During
MSC=In| = - supplementation, concentrations of individual plasma lipid
Z w; (Yobs — Ycal)? fractions showed moderate to substantial changes (Table 2).
i1 Plasma TAG concentrations decreased significantly during

supplementation (days 2 andR < 0[05), returning to near

where w are the weights applied to the points, Yplssthe baseline values after 4d of washout (day 11). Plasma FFA
observed value of Y, Ycals the calculated value of Y and n  concentrations also decreased significantly within 2d of
is the number of data points. supplementationR=0[01) and remained low during sup-

The MSC attempts to represent the ‘information content’ plementation, although the difference from baseline after
of a dataset, and indicates whether the model is suitable for7 d failed to reach statistical significance£007). Both
the data or not. To calculate EPA and DHA half-lives, the plasma PL and CE concentrations showed significant
model with the largest MSC is in principle the best model decreases during3 fatty acid EE supplementation.
for the given data, and was used for data analysis. An MSC  Consumption oh-3 fatty acid EE for 1 week resulted in
<0[ was considered to be inadequate to give a good fit of considerable changes in plasma fatty acid composition. In
the data. When one of the calculated parameter values waglasma PL, a highly significant increase of EPA (26-3
identical to the upper or lower limits purposely set as model was observed, approaching a plateau level after approxi-
constraints, data were considered invalid and were excludedmately 4d (Fig. 1). During washout, the EPA concentra-
from statistical analyses. tion decreased rapidly, with an almost complete return to

Table 2. Plasma concentrations (mmol/l) of total phospholipids (PL), cholesteryl esters (CE), triacylgly-
cerols (TAG) and free fatty acids (FFA) before (day 0), during (days 1-7) and after (days 8-—14)
consumption of fish oil ethyl esters by healthy volunteers

(Mean values with their standard errors for five subjects)

PLTt CEf TAG FFA
Day Mean SE Mean SE Mean SE Mean SE
0 126 009 2029 021 0B84 0as 029 004
1 121 009 201 013
2 116 008 185 013 0B0* 013 oma2* 002
3 1o 009 186 0016
4 111 o1 1@5 014
7 15 008 185 o1 0B1* 004 014 005
8 19 008 189 0010
9 126 008 105 008
10 125 0010 102 009
11 131 009 108 007 0072 009 027 003
14 129 007 2004 0006

Mean values were significantly different from those for day 0: *P < 005 (paired ¢ test).
T Significant decrease during supplementation (P < 0[05; repeated measures).
f Significant increase during washout period (P < 0[05; repeated measures).
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Fig. 1. The concentration of different fatty acids in plasma phospho- . . . S

lipids (PL) (mol/100 ml total fatty acids in the PL fraction) during daily Fig. 2. The concentration of different fatty acids in plasma cholesteryl
intake of n-3 fatty acid ethyl esters (17 g/d) and during the washout esters (CE) (mol/100 mi tote_,\l fatty acids in the CE fractlon)_ during
period. Values are means for five subjects, with their standard errors daily intake of n-3 fatty acid ethyl esters (17g/d) and during the

represented by vertical bars. Significant trend by repeated measures washout period. Values are means for five subjects, with their
analysis: * P< 005, ** P < 00001. standard errors represented by vertical bars. Significant trend by

repeated measures analysis: * P<0[05, ** P < 0[0001.

baseline values after 7 d of washout. A significant increase
was also found for DHA (22:%3) concentrations in  incorporation into PL and CE. Both fatty acids showed a
plasma PL, although this increase was much less pro-rapid decrease during washout. EPA had completely
nounced than that of EPA. Arachidonic acid (20:6) returned to baseline on day 14, while DHA was still
also showed a slight increase, which reached significancesignificantly increased by this time. While incorporation
only on days 2 and 3 when using the paitégist. In contrast,  of 22: 5n1-3 into PL and CE was minimal, a fivefold increase
levels of 18:2-6, 18:1n-9 and 20:8-6 in plasma PL of 22:51-3 was detected in TAG, reaching a plateau value
decreased significantly during supplementation, and within 2d. This was followed by a rapid return to baseline
returned to initial levels by day 14. No significant changes values during washout. In addition, 201-8 showed a
in plasma PL were found for 22 ns3. significant increase on days 2 and 3 (paitest), while

In plasma CE, changes in fatty acid composition were less 20: 2n-6 was significantly increased at day 1. This was
pronounced than in plasma PL (Fig. 2). Incorporation of accompanied by a decrease in 18-9, which only reached
EPA into the CE fraction was less rapid than in the PL significance on day 3 (pairedtest). Again, no significant
fraction, and the EPA concentration did not reach a plateau changes in the levels of 18nz6 in TAG were found during
level within 7 d. Subsequently, the decrease of EPA during the study.
washout was less rapid than in PL. DHA incorporation into  Plasma half-life of EPA could be calculated in all plasma
CE was minimal, while the proportion of 20n4 increased lipid fractions, but calculation of half-life of DHA was only
significantly. A small and insignificant increase of 20:@ possible in plasma TAG, due to the high scatter of data in
and 22:%-3 was found. No changes were detected in the plasma PL and the small changes of DHA in plasma CE.
levels of 18:2-6 and 18:Db-9 in plasma CE during Individual washout curves are shown in Fig. 4.
supplementation. The washout of EPA from plasma PL was well fitted by a

A completely different pattern of incorporation was mono-exponential model, resulting in an EPA half-life
observed for plasma TAG (Fig. 3): here, DHA was incor- ranging from 183 to 231d (mean B7 (S 05)d)
porated to an even higher extent than EPA, in contrast to the(Table 3). The high MSC value showed that the model
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Fig. 3. The concentration of different fatty acids in plasma triacylgly- &}
cerols (TAG) (mol/100 mol total fatty acids in the TAG fraction) during 4
daily intake of n-3 fatty acid ethyl esters (17 g/d) and during the
washout period. Values are means for five subjects, with their
standard errors represented by vertical bars. Significant trend by 2
repeated measures analysis: * P<0[05, ** P<0[0001. DHA in TAG
0 1 1 1 1 1 1
0 1 2 3 4 5 6 7
used was suitable for the data. In plasma CE, data were also Time (d)

best fitted mono-exponentially, although the MSC value Fig. 4. Individual washout curves of eicosapentaenoic acid (EPA)
was lower than in PL due to the higher intra-individual from plasma phospholipids (PL), cholesteryl esters (CE) and triacyl-
scatter. Half-life of EPA in CE could be calculated in four glycerols (TAG), and of docosahexaenoic acid (DHA) from plasma
subjects and ranged fromBB to 408d (mean R7 (SE TAG in subjects who had consumed a supplement of n-3 fatty acid
056) d). ethyl esters (17 g/d) for 7d.
The decrease of EPA in plasma TAG was initially fitted
by the mono-exponential model (Table 3). Half-life of
EPA in TAG could be calculated in four subjects and Our study demonstrates tha3 fatty acid EE are absorbed
ranged from @7 to 163d (mean M2d). However, in from the intestine, as was shown by the significant increases
three of them, the MSC value showed an increase whenof EPA and DHA in different plasma lipid fractions during
fitting the data with a bi-exponential model, whereas in the supplementation. In general, a relatively consistent pattern
fourth subject, the use of a bi-exponential model was not of incorporation and washout was shown in most lipid
possible. In the three subjects, the initial half-life of EPA fractions with small deviations between subjects.

Discussion

ranged from @1 to 077d (mean @1 (SE 019)d), EPA was incorporated into PL and CE, as well as into
whereas half-life in the second phase wd29+417d TAG. In contrast, the DHA incorporation pattern was quite
(mean 292 (S 086) d). different: a very low incorporation into CE, but a high
For the decrease of DHA in plasma TAG, comparable incorporation into TAG which was even higher than that of
results were found (Table 3). A half-life ranging frorf80 EPA. Although not all data could be used for the calculation

to 257 d was found with a mean of8i3 d when using the  of plasma half-lives, this study provides preliminary infor-
mono-exponential model. Use of the bi-exponential model mation regarding washout of EPA and DHA from plasma.
resulted in an increase of the MSC value. The initial half-life During washout, the decrease of EPA in PL and CE was
of DHA in plasma TAG ranged from @8 to (38d, found to be mono-exponential with mean half-lives &71
followed by a half-life of 331-532d in the second phase and 327 d respectively. In plasma TAG, however, the data
(mean 475 (SE 0(33) d). for EPA and DHA were better fitted by a bi-exponential
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Table 3. Half-lives of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in different plasma
lipid fractions, calculated by mono-exponential and bi-exponential models

Mono-exponential

Bi-exponential

Subject Half-life MSC* Half-life 1 Half-life 2 MSC*
EPA in PL 1 202 50 -t - -
2 231 309 - - -
3 183 36 - - -
4 227 338 - - -
5 185 308 - - -
Mean 197
SE o6
EPA in CE 1 s - -1 - -
2 4[08 19 - - -
3 339 29 - - -
4 380 a1 - - -
5 113 1B - - -
Mean 327
SE 036
EPA in TAG 1 o7 36 ol1 129 54
2 105 400 § § -
3 137 207 o7 407 28
4 106 20 033 332 36
5 183 1B i i -
Mean 1a2 041 292
SE o9 019 0B6
DHA in TAG 1 0B9 10 035 482 305
2 1as 20 038 381 44
3 287 09 035 506 1
4 189 09 oas 532 22
5 t - ¥ t -
Mean 183 0@31 4[5
SE 038 004 033

PL, phospholipids; CE, cholesteryl esters; TAG, triacylglycerols; MSC, model selection criterion.
*MSC is an indicator of the suitability of the model; the higher the value, the better the model.
T No bi-exponential fit possible due to good fit of mono-exponential model.

1 No suitable fit due to high scatter of data.

8§ No suitable fit because parameter value was equal to estimated upper constraint.

1 No suitable fit due to negative value of half-life 2.

washout model, with a short initial half-life of less than 1d,
followed by a longer half-life of several days.

The incorporation of EPA was considerably higher than
the incorporation of DHA into plasma lipids in the present
study. This finding is consistent with results from other
studies investigating the incorporationre8 fatty acid TAG
(Nordoyet al.1991; Hansemet al. 1993) as well as studies in
which EE were used (Subbaiahal. 1993; Gibney & Daly,
1994; Leafet al. 1995). Only Blonket al. (1990), who used
a supplement ofn-3 fatty acid EE, did not find any
difference in incorporation between EPA and DHA into

which would suggest that the incorporation pattern is the
result of properties of EPA and DHA rather than of the
position of the fatty acid on the glycerol backbone.

A more plausible explanation for the difference in incor-
poration between EPA and DHA was given by Subbaiah
et al. (1993). These authors suggested that the difference is
caused by the fact that EPA and DHA are competitors for
the enzymic transfer of fatty acids from PL to CE. The
affinity of the enzyme lecithin-cholesterol acyltransferase is
higher for EPA than for DHA. Thus, the transfer of EPA
from PL to CE was higher compared with DHA. This would

plasma PL after 12 weeks of supplementation. In these explain why, in our study, incorporation of EPA into CE
studies, supplementation ranged from a single dose (Gibneywas high, while the incorporation of DHA into CE was

& Daly, 1994) to 1 year of supplementation (Leef al.
1995). The pattern of incorporation of different fatty acids

negligible. It would also explain why DHA incorporation
into PL was more rapid than into CE, a finding that has also

appeared to be independent of the different fish oil types andbeen described in other studies (Subbaital. 1993; Sadou

dosages. Sadoet al. (1995) investigated whether the
intramolecular structure afi-3 fatty acid TAG affects the
incorporation of EPA and DHA. They found that DHA
(predominantly situated at then2 position) was mainly
incorporated into plasma TAG, while EPA (predominantly
situated asn-1/3) was mainly incorporated into plasma PL
(Sadouet al. 1995). They concluded that the difference in
incorporation was due to the intramolecular structure. How-

et al. 1995; Brossaredt al. 1996).

When the transfer of DHA from PL to CE is reduced, a
relative accumulation of DHA in PL would be expected.
Indeed, in our study DHA in PL was still increasing after 1
week of supplementation. However, the increase of DHA in
PL was less rapid than the increase of EPA. This could be
explained by a relatively high clearance of DHA compared
with EPA from the plasma towards the adipose tissue, since

ever, our study shows that a supplement containing EE DHA has been suggested to be the preferred storage form of

instead of TAG resulted in a similar plasma distribution,

n-3 fatty acids (Kasim-Karakas, 1995).
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changes in fatty acids other than EPA and DHA in the Beckermann B, Beneke M & Seitz | (1990) Vergleich der Bio-

present study. We observed a small increase in B&: # . verfugbarkeit von Eicosapentaensaure und Docosahexaensaure
plasma PL on days 2 and 3, followed by a decrease in  gys Triglyceriden, freien Fettsauren und Ethylestern bei Proban-
concentration. It is ||k6|y that the observed increase is the den (Comparative bioavailability of eicosapentaenoic acid and
result of the small amount of 2004 in the supplement. docosahexaenoic acid from triacylglycerols, free fatty acids and
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1985; Reiset al. 1990; Hanseret al. 1993; Krokanet al. tl\?ﬂt?irtlioln: 526?58)/ 1"207'U”teerSAme“Ca” Journal of Clinical
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which is in accordance with our findings. This observation, 50, 38—45.
combined with the significant decrease of 18-&in PL, el Boustani S, Colette C, Monnier L, Descomps B, Crastes de

indicates that incorporation of EPA and DHA into PL inthe ~ Paulet A & Mendy F (1987) Enteral absorption in man of
first days of supplementation mainly occurs at the expense  Sicosapentaenoic acid in different chemical forpids 22
of 18 : 2n-6 and not of 20: 4-6. Il .

Not only was the incorporation level of EPA higher than Folch J, Lees M & Stanley GHS (1956) A simple method for the

- - - isolation and purification of total lipides from animal tissues.
that of DHA, the incorporation rate was also higher. 55 al of Biological Chemistr26, 497—509.
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EPA than for DHA. The same finding has also been  saturated fatty acids into plasma lipid and lipoprotein fractions
described by others (Marseet al. 1992; Hodgeet al. in the postprandial phase in healthy volunteeEsiropean
1993; Marangoniet al. 1993; Subbaialet al. 1993) who Journal of Clinical Nutrition48, 866—872.

showed that DHA had not returned to baseline values within Hansen JB, Olsen JO, Wilsgard L, Lyngmo V & Svensson B
4 weeks of washout. So far, no information has been (1993) Comparative effects of prolonged intake of highly
available about the washout rates in the separate plasma Purified fish oils as ethyl ester or triglyceride on lipids, haemo-
lipid fractions. In our present study, the decrease of EPA in iﬁrﬁaﬂ? Szﬁ}gﬁth{tj’gﬁ%"nnll'?” 4”9°;m5°(')'$aem'c méeuropean
the PL and CE fractlo_n_s was mono-exponentlal, implicating Hodge J, Sanders K & Sinclair AJ (1993) Differential utilization of
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DHA in PL and CE due to the high intraindividual scatter Kasim-Karakas SE (1995) Impact of3 fatty acids on lipoprotein
and the slow rate of washout. metabolism Current Opinion in Lipidologys, 167—-171.

As for plasma TAG, our results would indicate a bi- Krokan HE, Bjerve KS & Mork E (1993) The enteral bioavail-
exponential washout of EPA as well as DHA. The slow ability of eicosapentaenoic acid and docosahexaenoic acid is as
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are incorporated into TAG by the liver to be incorporated DA . ) .
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; o atty acids as triacylglycerols, free acids, or ethyl esters.
the sgcond phase IS Ion.ger for DHA th,an for EPA' which is Biochemical and Biophysical Research Communicatibbg
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form of then-3 fatty acids (Kasim-Karakas, 1995). Leaf DA, Connor WE, Barstad L & Sexton G (1995) Incorporation

In summary, we conclude that-3 fatty acid EE are of dietaryn-3 fatty acids into the fatty acids of human adipose
sufficiently well incorporated into plasma lipids to allow tissue and plasma lipid classesmerican Journal of Clinical
their use in clinical practice. Our results suggest that the Nutrition 62, 68—73. ' _ _
washout of EPA and DHA from plasma PL and CE is mono- Lillington JM, Trafford DJ & Makin HL (1981) A rapid and simple
exponential, but that EPA and DHA washout from TAG method for the esterification of fatty acids and steroid carboxylic

may follow a bi-exponential pattern. Based on the relatively iiifsggﬂ%go gas-liquid chromatographiinica Chimica Acta

long half-life of then-3 fa}tty acids in plasma, we conclude Marangoni F, Angeli MT, Colli S, Eligini S, Tremoli E, Sirtori CR
that supplementation with 6g EPA in a frequency of one ¢ i ¢ (1993) Changes afi-3 andn-6 fatty acids in plasma
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prolonged washouBiochimica et Biophysica Act421Q 55—
62.
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