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Summary

Background: To assess the relationship between the mothers’ intake of n-3 long chain polyunsaturated fatty acids (LC PUFA)
during pregnancy and their levels in plasma and tissue.

Methods: 162 mothers were studied during labor. Three groups were differentiated according to the n3 LC PUFA intake assessed
by means of a dietetic interview: superior intake (SIG) (>0.721 g/day), medium intake (MIG) (from 0.382 to 0.721 g/day) and infe-
rior intake (IIG) (<0.381 g/day). Fatty acids (FA) were studied by capillary chromatography in plasma and in erythrocyte pho-
spholipids.

Results: The fatty acids (FA), expressed in absolute values, did not show any significant differences among the aforementioned
groups. However, three were some trends which were confirmed when the FA were expressed in percentages. Thus, higher levels
of docosahexaenoic acid (DHA) were found in SIG both in plasma and in the erythrocyte membrane, when expressed in percenta-
ges. Eicosapentaenoic acid (EPA) was also higher in the SIG in the erythrocyte membrane, whereas in plasma the differences were
of marginal significance. On the other hand, arachidonic and linoleic acids had lower values in the SIG in erythrocytes. The theo-
retical optimal intake of n-3 LC PUFA corresponded to a plasma concentration of 117.9 = 45.9 mcg/ml n-3 LC PUFA or 2.54% of
the total fatty content (2.29% of DHA). The corresponding cut-offs in erythrocyte membranes were 7.54% of total lipids (5.59% of
DHA).

Conclusion: The best markers of n-3 LC PUFA intake were DHA for plasma and DHA and EPA for erythroctye phospholipids,
all of them expressed in proportions of total FA. The arachidonic and linoleic acids (in percentages) in erythrocyte phospholipids

were also good markers of n-3 intake. This probably reflects the metabolic competition between both PUFA families.
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Introduction

The precursors of n-3 and n-6 polyunsaturated fatty
acids (PUFA), linolenic and linoleic acids, are essential
nutrients. However, their relative intake must be balan-
ced, since they share the enzymes for the synthesis of
their long chain (LC) metabolites [1]. These LC derivati-
ves can also come from the diet, but their sources are not
widely available. Meat represents the main source of ara-
chidonic acid (AA) (n-6 PUFA), whereas fatty fish and
shellfish those of eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA) (both n-3 PUFA) [2]. There are
also small amounts of n-3 PUFA in animal offal and
eggs.

LC PUFA play an important role in the membrane
structure and in the synthesis of the ecoisanoids [3].
During pregnancy they play an important role in fetal
development (especially brain development) as well as in
a number of conditoins [4].

Although some specific dietetic recommendations
regarding the intake of n-3 and n-6 PUFA families during
pregnancy have been made [5], there are a number of
unknown aspects regarding PUFA in pregnancy. Most
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recommendations have been based on animal experimen-
tation or on non-pregnant women.

The purpose of the study was to assess the relationship
between the mother’s intake of PUFA during pregnancy
and the levels of PUFA in plasma and tissue, and espe-
cially between the theoretical dietetic requirements and
PUFA levels.

Materials and Methods

The population under study consisted of 162 women in labor
with an at-term vaginal delivery of a live newborn infant. Cases
with remarkable pathologies in the mother or the newborn
infant were excluded. Among other maternal conditions, hyper-
tension, diabetes, obesity and undernourishement were exclu-
sion criteria. Written informed consent was obtained. A nutri-
tional inquiry was carried out. The first part of the inquiry
consisted of the determination of the monthly amount of fish
and shellfish consumption, the main sources of n-3 LC PUFA.
The frequency and the amount of each of them were investiga-
ted in order to established the mean daily edible portion. In each
patient the mean total amount of fish (g/day) as well as the
mean amount of EPA and DHA were determined by means of
Moreiras et al. food composition tables [6] for the fish. In the
second part of the inquiry the women were asked to remember
the whole intake of 3 typical days in each pregnancy trimester.
The intake of other sources of PUFA besides fish was thorou-
ghly investigated, representing < 30% of the total amount in our
population [7]. Fish intake proved to have a normal distribution.
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From the sum of both interviews we obtained the mean daily
intake of n-3 LC PUFA. Mean daily intake of saturated, mono-
unsaturated and n-3 and n-6 PUFA was also calculated. In cases
with different dietary habits during pregnancy, each trimester of
pregnancy was specifically investigated, averaging the results.

The n-3 LC PUFA intake (EPA and DHA) constituted the cri-
teria in order to arbitrarily divide the women into three groups:
the inferior intake group (IIG) (< 33 percentile, corresponding
to an intake of > 0.721 g/day of n-3 LC PUFA). The theoretical
optimal n-3 LC PUFA intake was defined following RDA die-
tetic recommendations, corresponding to 300-400 mg/day [8].

Maternal fasting blood samples were obtained by venipunc-
ture (5 cc) during the second stage of labor. Women whose last
intake was <6 hours were excluded from the study. Samples
were studied by means of capillary chromatography following
the Lepage and Roy method [9] for plasma transesterification
as well as for the phospholipidic fraction of the blood red cells,
which was previously separated from the lipidic extract by thin-
layer chromatography. Methyl esters were separated in a gas
chromatograph Perkin Elmer 8500 (Buckinghamshire,
England), by means of capillary columns using a 30 m SP 2330
fused silica capillary column, 0.25 mm ID, 0.20 microm film
thickness (Supelco Inc, Bellefonte, PA) and equipped with a
flame ionization detector.

The following 11 plasma FA were systematically detected:
myristic (14:0), palmitic (16:0), palmitoleic (16:1), stearic
(18:0), oleic (18:1 n -9), linoleic (18:2 n-6), linolenic (18:3
n-3), dihommogammalinolenic (20:3 n-6), arachidonic (AA)
(20:4 n-6), EPA (20:5 n-3) and DHA (22:6 n-3). In the pho-
spholipids of the blood red cells we also detected docosatetrae-
noic (22:4 n-6) and docosapentaenoic acids (22:5 n-6 and 20:5
n-3). Identification was performed by comparison to commer-
cial standards (Supelco Inc and Laroden Fine Chemicals,
Malmo, Sweden). As internal standard C: 17:0 was used. The
values for each fatty acid were obtained by electronic integra-
tion. Results were expressed as the percentual value of the total
fatty acids and as a concentration (mcg/ml). The statistical
analysis was performed by means of oneway analysis of
variance (ANOVA) with the Scheffé test. The results concer-
ning the fatty acid status of the newborn infants from the
aforementioned mothers and the lipid pattern of these mothers
and their infants will be reported in two forthcoming articles
[10, 11].

Results

Characteristics of the three populations

Mothers from the 3 populations were similar regarding
demographic data (Table 1), management of labor and
socioeconomic status.

Table 1. — Demographic data of the patients.

Superior intake Medium intake  Inferior intake

Mother age (years) 29.0+4.4 28.4+4.4  27.7+4.5
Primiparity (%) 49 40 46
Smoking (%) 35.6 25.8 31.6
Gestational age (weeks) 39.4x1.1 39.2+1.76  39.3%1.82
Newborn weight (g) 3426+396 3311475 3347+413
Body weight (Kg) 60.7+8 58+8.9 58.7+9.5
Weight gain during

pregnancy (Kg) 11.3+£3.7 10.6+3.6 11.4+4
Energy intake (Kcal/day) 2259+475 2306+403  2287+489
n-6 PUFA intake (g/day) 12.65+7.57  16.77£8.88 15.51+7.55

No significant differences

Plasma fatty acids
Absolute values (Table 2):

Table 2. — Absolute concentrations of plasma fatty acids in
mothers regarding long chain n-3 PUFA intake.

Superior intake Medium intake Inferior intake

(n=54) (n=54) (n=54)

mean (mcg/ml)xSD mean (mcg/ml)=SD  mean (mcg/ml)=SD
Mirystic acid 40.08+ 18.94 38.90+ 14.66 40.09+ 15.26
Palmitic acid 1078.24+242.82  1036.14+226.47  1127.52+274.40
Palmitoleic acid 85.73+ 38.01 87.75+ 36.96 92.63+ 50.35
Stearic acid 274.80+ 47.21 26725+ 5143 269.48+ 54.63
Oleic acid 996.87+291.88 928.26+280.60 1030.82+435.32
Linoleic acid 1184.02+328.68 1192.19+247.77 1204.97+279.71
Linolenic acid 12.29+ 6.27 1438+ 6.0 13.12+  7.64
Dihommo-gamma-
linolenic acid 99.71+ 4323 105.70+ 44.15 103.83% 57.62
Arachidonic acid 235.25+ 57.38 22481+ 54.79  236.04+ 57.59
Eicosapentaenoic
acid 17.32+ 11.63 17.52+ 13.99 13.15+ 9.30*
Docosahexaenoic
acid 11442+ 29.70  107.49+30.04 102.16x 33.19*
*:p=0.09.

There was a trend to lower values of DHA and EPA in
the IIG, with p values of marginal significance (p=0.09,
F=2.47 and 2.40). The levels of the remaining fatty acids
were similar in the different groups.

Among the mothers (n=25) who fulfilled the RDA die-
tetic recommendations (300-400 mg/day of n-3 LC
PUFA), the plasma concentration of n-3 LC PUFA was
117.90+45.93 mcg/ml (12.71+8.69 mcg/ml of EPA and
105.19+38.88 mcg/ml of DHA).

The n-6 PUFA intake of mothers with an intake of 300-
400 mg/day of n-3 LC PUFA (12.45 g + 7.59), was
similar to those with <300 mg/day (15.11 g + 8.25) and
to those with > 400 mg/day (12.88 g + 7.45).

b) Percentual values (Table 3):

Table 3. — Proportions of plasma fatty acids in mothers regar-
ding long chain n-3 PUFA intake.

Superior intake Medium intake Inferior intake
(n=54) (n=54) (n=54)

mean (%)+SD mean (%)+SD mean (%)+SD
Mirystic acid 0.86x0.34 0.84+0.25 0.84+0.24
Palmitic acid 25.25+1.75 24.76+1.82 25.95+2.86 *
Palmitoleic acid 1.99+0.82 2.05+0.68 2.05+0.86
Stearic acid 6.64+1.08 6.58+0.89 6.38+1.03
Oleic acid 24.68+3.78 23.63+3.80 24.65+4.88
Linoleic acid 29.41+4.62 31.06+4.56 29.49+4.73
Linolenic acid 0.31+£0.19 0.39+0.20 0.30+0.12 #
Dihommo-gamma-
linolenic acid 1.59+0.43 1.64+0.39 1.59+0.45
Arachidonic acid 6.17x1.49 5.97+1.05 5.98+1.12
Eicosapentaenoic
acid 0.38+0.28 0.40+0.33 0.28+0.22%%*
Docosahexaenoic
acid 2.59+0.55 2.46+0.59 2.26+0.52 ##

*: p<0.05; F=3.89 (IIG vs MIG, F=3.84, p<0.05)

#: p<0.05; F=3.94 (1IG vs MIG, F=3.13, p<0.05) (MIG vs IIG, F=2.82,
p=0.06)

**: p=0.07

##: p<0.01; F=5.27 (SIG vs 1IG, F=5.19, p<0.01).
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In the MIG the percentual values of palmitic acid were
lower than in the IIG. Regarding PUFA, in the MIG the
percentual values of linolenic acid were increased in
regard to the IIG (p<0.05, F=3.13), the differences with
the SIG being of marginal significance (p=0.06, F=2.82).
There were lower values of DHA in the IIG than in the
SIG (p<0.01, F=5.19). There was a trend to lower values
of EPA in the IIG (p=0.07, F=2.67). Mothers with 300-
400 mg/day of n-3 LC PUFA intake, had 2.54+0.69% of
those fatty acids in plasma (0.25+0.15% of EPA and
2.29+0.59% of DHA).

Fatty acids in phospholipids of red blood cells
Absolute values (Table 4):

Table 4. — Absolute concentrations of fatty acids in the eryth-
rocyte membrane in mothers regarding n-3 long chain PUFA
intake.

Superior intake Medium intake Inferior intake

(n=54) (n=54) (n=54)

mean (mcg/ml)=SD  mean (mcg/ml)=SD  mean (mcg/ml)=SD
Mirystic acid 3.64+ 1.71 423+ 1.78 351+ 023 %
Palmitic acid 150.62+64.43 159.96+57.47 150.10+67.69
Palmitoleic acid 3.52+ 3.80 4.60x+ 3.83 3.19+ 3.30
Stearic acid 60.59+31.00 64.32+30.26 61.32+30.90
Oleic acid 91.49+39.66 101.19£37.14 91.07+47.14
Linoleic acid 59.97+29.06 70.19+25.36 62.25+28.78
Linolenic acid 0.88+ 1.22 127+ 1.25 0.79+ 091 *
Dihommo-gamma-
linolenic acid 15.79+ 9.68 18.01£10.27 15.59+11.03
Arachidonic acid 62.47+36.79 67.22+£32.44 66.85+38.31
Eicosapentaenoic
acid 3.18+ 2.20 3.09+ 1.8 2.50+ 1.99
Docosahexaenoic
acid 16.92+11.09 23.08+15.19 18.63x14.37 #
Docosapentaenoic
n-6 acid 6.62+ 5.62 7.74+ 6.19 6.80+ 5.11
Docosapentaenoic
n-3 acid 7.53+ 433 8.34+ 3.88 7.75+ 5.21
Docosahexaenoic
acid 35.26+17.70 36.74+17.47 33.50£21.55
a:p=10.08.
#: p=0.07.

There was a trend of marginal significance to higher
levels in the MIG of the following fatty acids: mirystic
acid (p=0.08, F=2.51), linolenic acid (p=0.08, F=2.52
and docosatetraenoic n-6 (p=0.07, F=2.64).

Among mothers strictly fulfilling RDA recommenda-
tions, n-3 LC PUFA concentration was 40.51£22.72
mcg/ml (2.44+1.71 mcg/ml of EPA, 8.10+6.23 mcg/ml of
docosapentaenoic n-3 and 29.97+16.13 mcg/ml of DHA).

Percentual values (Table 5):

Concerning n-6 PUFA, the SIG had lower values of
linoleic acid than the MIG (p<0.05, F=3.74). The SIG
also had lower values of AA than IIG (p<0.05, F=0.37).
There was a trend of marginal significance to lower
values of docosatetraenoic acid (p=0.09, F=2.47).

Regarding n-3 PUFA, the levels of EPA and of DHA
were significantly increased in the SIG compared with
the IIG (p<0.01, F=5.28 and p<0.05, F=3.88). There was

Table 5. — Proportions of fatty acids (% + SD) in the eryth-
rocyte membranes of mothers regarding long chain n-3 PUFA
intake.

Superior intake Medium intake Inferior intake

(n=54) (n=54) (n=54)

mean (%)+SD mean (%)+SD mean (%)=SD
Mirystic acid 0.68+0.30 0.65+0.24 0.69+0.35
Palmitic acid 28.93+3.35 28.22+3.50  28.91+3.85*
Palmitoleic acid 0.68+0.70 0.71+0.49 0.57+0.55
Stearic acid 11.79£2.21  11.20+1.99 12.24+3.03
Oleic acid 18.48+2.51 18.61£2.51 18.00+2.67
Linoleic acid 11.91£2.08 13.07+2.45 12.62+2.13 *
Linolenic acid 0.18+0.24 0.23+0.21 0.14x0.11 #
Dihommo-gamma-
linolenic acid 1.93+0.70 1.96+0.59 1.84+0.46
Arachidonic acid 12.14+1.88 12.42+1.64 13.14£2.21 +
Eicosapentaenoic
acid 0.55+0.29 0.50+0.28 0.40+0.18 **
Docosatetraenoic
acid 3.56+0.76 3.92+0.90 3.84+0.82 ##
Docosatetraenoic
n-6 acid 1.29+0.72 1.35+0.72 1.24+0.53
Docosatetraenoic
n-3 acid 1.51+0.44 1.56+0.46 1.45+0.45
Docosahexaenoic
acid 6.02+1.19 5.61+1.01 5.48+0.97 ++

*: p<0.05; F=3.74 (MIG vs SIG, p<0.05, F=3.65)
1 p<0.07

+: p<0.05, F=3.76 (1IG vs SIG, p<0.05, F=3.54)

**: p<0.01, F=3.76 (1IG vs SIG, p<0.01, F=5.18)

##: p=0.09

++: p<0.05, F=3.88 (1IG vs SIG, p<0.05, F=3.54)

a trend of marginal significance to lower values of lino-
lenic acid in the IIG (p=0.07, F=2.60).

Among mothers with an intake of 300-400 mg/day of
n-3 LC PUFA, those FA represented the 7.54+1.29% of
the total fatty content of the erythrocyte membrane
(0.42+0.17% of EPA, 1.53+0.44% of docosapentaenoic
acid and 5.59+1.02% of DHA).

Discussion

PUFA are receiving greater attention during pregnancy
because of their importance in a number of physiological
functions, especially brain and vessel development [12].
They have also been linked with a number of pathologi-
cal condition [13, 14].

It should be remembered that some of them, such as
linoleic and linolenic acids, are essential nutrients[15]
and that their LC derivates have a relatively limited
source [16]. Recently some recommendations for n-3 and
n-6 fatty acid intake during pregnancy have been given
[5]. However, the recommendation for each single fatty
acid has not been specified. The optimal intake of linole-
nic acid has been estimated at 800-1100 mg/day [8], but
without taking into account age group, sex Or pregnancy.
The difficulty in accurately assessing the intake of a
number of nutrients is well-known, especially from a
practical point of view. For this reason there is much inte-
rest in objective biochemical parameters that reflect
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dietary intake. From our combined biochemical/dietetic
study some approximate biochemical references can be
obtained. The fatty acid content of plasma reflects the
diet of the preceding weeks, and that of erythrocyte mem-
branes reflects that of the preceding 2-3 months [17].
Regarding the methodology for expressing FA values,
there is some discrepancy. While concentrations reflect
the intake with more accuracy, presumably percentage
values reflect FA metabolism with more accuracy. Thus
our results are expressed in both forms. We calculated
the mean levels of n-3 LC PUFA of the group which had
the optimal intake of n-3 LC PUFA following RDA [8].
By subtracting two standard deviations from this mean
value, we obtained a preliminary cut-off, under which
one could expect a deficient n-3 LC PUFA intake. This
corresponds to a plasma concentration of n-3 LC PUFA
of 26.04 mcg/ml or 1.16% of total fatty content (1.11%
of DHA). The corresponding cut-offs in erythrocyte
membrane were of 4.96% of total lipids (3.55% of
DHA).

Our study is limited to some extent by being based on
the RDA dietetic recommendations, which do not diffe-
rentiate regarding age, sex or pregnancy [8]. Consequen-
tly a certain margin of inaccuracy cannot be discounted
and which should be rectified in the future if the afore-
mentioned dietetic recommendations are redefined.

When our results were expressed in absolute values,
both in plasma and in erythrocyte phospholipids, there
were no significant differences among the three intake
groups. However, there were some trends which were
confirmed when the FA were expressed in percentages.
Thus, the FA expressed in percentages of total FA are
more accurate markers of n-3 LC PUFA intake.

We found higher levels of DHA in SIG both in plasma
and in the erythrocyte membrane, when FA were expres-
sed in percentages. EPA was also higher in the SIG in the
erythrocyte phospholipids, whereas in plasma the diffe-
rences were of marginal significance. These results are
consistent with the increased intake of those FA in the
SIG. This is in agreement with the increased levels of
DHA and EPA among the pregnant women with high
intake of fatty fish — other n-3 PUFA sources not being
analysed — reported in plasma [16] as well as in eryth-
rocyte phospholipids [17].

On the other hand, AA and linoleic acids (both n-6
PUFA) had lower values in the SIG in erythrocytes,
whereas docosatetraenoic acid (also n-6 PUFA) showed a
trend to lower values. This probably reflects a metabolic
competition between both PUFA families [1].

[t is concluded that the best marker of n-3 LC PUFA
intake, is the percentage of DHA, both in plasma and in
erythrocyte phospholipds, and the next best marker is the
percentage of EPA, especially in erythrocyte phospholi-
pids.

Acknowledgements

This work has been partially supported by a reseach grant
from the Basque Government (90.022342.001.001).

R. Matorras, L. Perteagudo, P. Sanjurjo

References

(1]

[6]

[7]

[8]

(9]

(10]

[11]

[12]

[13]

[14]

(15]

[16]

(17]

[18]

[19]

Mantzioris E., James M. J., Gibson R. A., Cleland L. G.:
“Differences exist in the relationships between dietary lino-
leic and alfalinolenic acids and their respective long-chain
metabolites”. Am. J. Clin. Nutr., 1995, 61, 320.

King I., Childs M. T., Dorsett C., Ostrander J. G., Monsen
E. R.: “Shellfish: proximate composition, minerals, fatty
acids, and sterols”. J. Am. Diet. Assoc., 1990, 90, 677.
Thorngren M., Gustafson A.: “Effects of 11 week increase
in dietary eicosapentaenoic acid on bleeding time, lipids
and platelet aggregation”. Lancet, 1981, 2, 1190.

Hoffman D. R., Birch E. E., Birch D. G., Uauy R.: “Effects
of W-3 long-chain polyunsaturated fatty acid supplementa-
tion on retinal and cortical development in premature
infants”. Am. J. Clin. Nutr., 1993, 57, 807S.

Scientific Review Committee: “Nutrition recommenda-
tions”. Ottawa: Minister of National Health and Welfare,
Canada, 1990 (H49-42/1990E).

Moreiras O., Carbajal A., Cabrera M. L.: “Tabla de Com-
posicion de Alimentos”. Dpto de Nutricion-Universidad
Complutense, Madrid, Eudema, 1992.

Perteagudo L.: “Acidos grasos maternos y fetales. Su rela-
cién con la ingesta y pardmetros perinatales”. Doctoral
Thesis. University of Pais Vasco, Bilbao, Spain, 1994.
Simopoulos A. P.: “Executive summary”. In: “Dietary w3
and wo fatty acids: biological effects and nutritional essen-
tiality”. Galli C., Simopoulos A. P. eds., New York, Plenum
Press, 1989, 391.

Lepage G., Roy C.C.: “Direct transesterification of all
classes of lipids in a one-step reaction”. J. Lipid. Res.,
1986, 27, 114.

Matorras R., Perteagudo L., Sanjurjo M., Ruiz J. I.: “Long
chain n-3 polyunsaturated fatty acids and lipid pattern in the
mother and the newborn infant”. J. Perinat. Med., 1998, 26,
313.

Matorras R., Perteagudo L., Sanjurjo M., Ruiz J. I.: “The
intake of long chain n-3 PUFA during pregnancy and their
levels in the mother influence the newborn levels”. Eur. J.
Obstet. Gynecol. Biol. Reprod. (in press).

Clandinin M. T., Chapel J. E., Leong S.: “Extrauterine fatty
acid accretion in brain: implications for fatty acid require-
ments”. Early Hum. Dev., 1980, 4, 131.

Saynor R., Verel D., Gillot T.: “The long term effect of
dietary supplementation with fish lipid concentrate on
serum lipids, bleeding time, platelets and angina”. Athero-
sclerosis, 1984, 50, 3.

Matorras R., Perteagudo L., Nieto A., Sanjurjo P.: “Intrau-
terine growth retardation and plasma fatty acids in the
mother and the fetus”. Eur. J. Obstet. Gynecol. Reprod.
Biol., 1994, 57, 189.

Crawford M. A., Hassam A. G., Williams G.: “Essential
fatty acids and fetal brain growth”. Lancet, 1976, 1, 452.
Hepburn F. N., Exler J., Weindrauch J. L.: “Provisional tables
on the content of omega-3 fatty acids and other fat compo-
nents of selected foods”. J. Am. Diet. Assoc., 1986, 6, 788.
Katan M. B., Birgelen A., Deslypere J. P., Penders M., Sta-
veren W. A.: “Biological markers of dietary intake, with
emphasis on fatty acids”. Ann. Nutr. Metab., 1991, 35, 249.
Nettleton J. A.: “W-3 fatty acids: comparison of plant and
seafood sources in human nutrition”. J. Am. Diet. Assoc.,
1991, 91, 331.

Sanjurjo P, Matorras R., Perteagudo L.: “Influence of fatty
fish intake during pregnancy in the polyunsaturated fatty
acids of erythrocyte phospholipids in the mother at labor
and the newborn infant”. Acta Obstet. Gynecol. Scand.,
1995, 74, 594.

Address reprint requests to:
Dr. ROBERTO MATORRAS
Maria Diaz De Haro, 7
48013 Bilbao (Spain)



